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l Angiogenesis
is a fundamental process by which new
blood vessels are formed. Progressive tumor growth necessitates the continuous induction of new capillary blood vessels
which converge upon the tumor. Suppression of tumor

growth can be accomplished with the use of antiangiogenesis agents. AGM-1470 is a potent angiogenesis inhibitor in
vitro and in vivo. In mouse studies, AGM-1470
has suppressed the growth and neovascularization
induced by four
murine tumors resulting in a 55% to 77% decrease in tumor
growth. In these mice significant toxicity did not result from
AGM-1470 therapy. ACM-1470 administered systemically to
C5781/6 male mice for 20 to 26 days inhibited the growth of:
(I) Lewis lung carcinoma resulting in a T/C (treatment/
control = mean tumor volume of treated/mean
tumor volume of control) of 0.38 + 0.03 (P c .OOl); (2) colon adenocarcinema 38 resulting in a T/C of 0.23 f 0.02 (P < .OOl); and (31
fibrosarcoma 105 resulting in a T/C of 0.31 k 0.05 (P < .OOl).
To determine if antiangiogenic therapy was equally effective
in mice of both sexes and in immunodeficient
animals, we
tested AGM-1470 in the treatment of fibrosarcoma 105 in
both female mice and nude mice. For female mice T/C was
0.24 -c 0.06 (P < .OOl). For nude mice T/C was 0.27 f 0.06
(P < .OOl). These results demonstrate that AGM-1470 suppresses the growth of a variety of different tumors. Furthermore, the antitumor effect of AGM-1470 therapy is independent of the immune system and sex.
Copyright o 1993 by W.B. Saunders Company
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A

NGIOGENESIS
IS a fundamental process by
which new blood vessels are formed. It is a
component of many physiological responses such as
reproduction,
development, and wound healing.1,2
Each of these physiological functions encompasses
numerous angiogenesis-dependent
events. Many
pathological processes are also angiogenesis dependent. For example, in children, retinopathy of prematurity often results in blindness3 and some forms of
hemangiomas are Iife-threatening.4.5 However, the
most lethal form of angiogenesis is induced by tumors. Considerable experimental and clinical evidence has been assembled over the past two decades
to demonstrate that tumor growth and metastasis are
both angiogenesis dependent.6-13 Therefore, the potential use of an angiogenesis inhibitor to control these
neoplasms is attractive.
Fumagillin is a secreted fungal product that was
discovered in our laboratory and found to have potent
antiangiogenic activity. However, fumagillin resulted
in significant weight loss when administered to mice.
Therefore, synthetic analogues were synthesized that
were nontoxic. AGM-1470 is the most potent angioJocrmal of Pedmtric Surgery, Vol28, No 3 (March). 1993: pp 445-451

genesis inhibitor of these analogues.14 AGM-1470, in
vitro, inhibits fibroblast growth factor induced stimulation of: (1) endothelial cell migrationi3; (2) endothelial cell proliferation14; and (3) capillary tube formation.15 AGM-1470, in vivo suppresses angiogenesis
when administered locally in the cornear and on the
chick chorioallantoic membrane.141’5 Because tumor
growth requires continuous angiogenic stimulation7
we tested AGM-1470 on a variety of subcutaneous
tumors. Our goal was to elucidate further some of the
biological characteristics of antiangiogenic therapy in
general and AGM-1470 therapy in particular.
MATERIALS AND

METHODS

Inhibitor
AGM-1470 was synthesized by Takeda Chemical Industries, Ltd
and stored at -20°C. It was diluted in a 10% (w/v) solution of
100% ethanol and stored at 4°C. Immediately
prior to treatment
the stock solution of AGM-1470
was diluted in 0.9% sodium
chloride
solution
(20 uL stock solution/l
mL of NaCl in a
polypropylene
tube). Treatment
was 30 mgikg by subcutaneous
injection every other day at a site remote from the tumor. Control
mice received the vehicle (2% ethanol solution in 0.9% saline)
every other day.

Mice
All mice were housed one per cage and were fed ad lib with
Purina chow and tap water. Male and female C57BI/6 mice were
obtained from Jackson laboratories
(Bar Harbor, ME). Male nude
mice (nu/nu)
were purchased
from the Massachusetts
General
Hospital (Boston, MA). The dorsum of these mice was shaved 1
day prior to tumor implantation.
Treatment
in all groups of 6- to
7-week-old
mice began only after the tumors were visible and
palpable (80 to 200 mm3), eg, 4 to 7 days after implantation.
On the
1st day of treatment
the average tumor volume and weight in the
treatment and control groups were the same.

Anesthesia
Prior to shaving and at the time of tumor implantation
the
animals were anesthetized
in a methoxyflurane
chamber. Animals
were killed by continuous
inhalation of methoxyhurane.
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Lewis Lung Carcinoma, Colon 38 Carcinoma, and
Fibrosarcoma 105

A

’ TUMOR WEIGHT

Lewis lung carcinoma (LLC), dimethylhydrazine-induced
murine colon adenocarcinoma 38 (MC-38),r6 and methylcholanthreneinduced murine fibrosarcoma 105 (MCA-105)16~17were grown
individually as solid tumors to 1 cm3. Each tumor was excised under
sterile conditions in a laminar flow hood. A single cell suspension
was obtained. Each subcutaneous injection was approximately 1 x
10hcells in a volume of 0.1 mL of normal saline.

8

Lewis Lung Carcinoma Cells-L1
This is a highly metastatic variant of LLC that was obtained as
follows. LLC was grown in the dorsum of a mouse. One of the lung
metastases was harvested and grown in culture for five passages. A
suspension of these cells was then reimplanted subcutaneously,
and found to have a significantly higher metastatic rate than its
parent line. This line was termed LLC-lung-l (LLC-Ll). The
tumor was passaged subcutaneously every 12 days.
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Fig 2. Treatment of MCA-105 with AGM-1470
tumor weight; (B) animal weight.

AGM1470

in male mice. (A)

Tumor Volume
Tumor dimensions were calculated every second or third day
with calipers. Tumor volume was calculated by width* x length x
0.52. Tumor volume is also expressed as T/C (ie, mean tumor
volume of treated/mean tumor volume of control). The T/C on the
first day of treatment of all of the treated groups in all of the tumor
models was 1.00 to 1.11.

Animal Weights
After treatment began the mice were weighed every 3 days.

RESULTS

Colon Carcinoma

Tumor volume after 28 days of treatment (n = 24)
was 8,544 2 872 mm3 in the vehicle-treated mice and
1,968 -+ 193 mm3 in the AGM-1470-treated
mice
(Figure 3A). T/C was 0.23 f 0.02 (P < .OOl) (Fig
3B).

Necropsy
Experiments were terminated between 20 and 27 days after
treatment began. Autopsies were performed on all animals, at
which time tumor weights were obtained. Animal weights at the
time of necropsy were calculated by subtracting the tumor weight
from the animal weight immediately prior to necropsy (Figs 1B and
2B).
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Statistical analysis was by Student’s t test.
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Fig 1. Treatment of LLC with AGM-1470 in male mice bearing LLC.
(A) tumor weight; (6) animal weight.
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Fig 3. Inhibition of growth of MC-39 after administration
of
AGM-1470. (A) tumor volume; [B) T/C = mean tumor volume of
treated/mean
tumor volume of control for each day.
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Lewis Lung Carcinoma
AGM-1470 inhibited the growth of LLC tumors in
eight consecutive experiments (4 to 8 mice per group).
The tumor volumes after 20 days of treatment were
6,717 + 477 mm3 in the control mice (n = 38) versus
2,533 -+ 190 mm3 in the AGM-1470-treated
mice
(n = 36). The T/C was 0.34 2 0.06 (P < .OOl). The
tumor weights after 20 days of treatment were 5.45 2
0.40 g in the control mice versus 2.28 k 0.40 g in the
AGM-1470-treated mice (P < .OOl) (Fig 1A).
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Fibrosarcoma 10.5
AGM-1470 inhibited MCA-105 growth in male
mice (n = 43). The tumor weight after 27 days of
treatment in the saline-treated mice (n = 7) was
7.52 -+ 1.49 g compared with 2.51 2 0.44 g in the
AGM-1470-treated
mice (n = 10) (P < .003) (Fig
2A). The tumor volumes were compiled from three
separate experiments. The average tumor volume in
the saline-treated mice was 4,995 + 1,079 mm3 versus
1,546 2 267 mm3 in the AGM-147~treated
mice
(P < .OOl) (Fig 4A). The T/C was 0.31 +- 0.05
(P < .OOl) (Fig4B).
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Immune-Deficient Mice
AGM-1470 inhibited the growth of MCA-105 in
nude mice. The average tumor volume in the control
mice (n = 10) after 24 days of treatment was 11,587 +
1,164 mmi versus 3,195 + 579 mm3 in the AGM-147s
treated mice (n = 10) (P < .OOl). The T/C was
0.28 k 0.05 (Fig 4D).
Tumor Suppression of MCA-105 and LLC-Ll
Female Mice
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Tumor-bearing
mice that received AGM-1470
gained an average of 1 to 2 g throughout the course of
the experiment, whereas untreated tumor-bearing
mice gained an average of 5 g. This difference was
accounted for in part by the difference in tumor
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To determine if the tumor inhibitory effect was sex
dependent, male (n = 22) and female (n = 22) mice
were implanted with MCA-105. The T/C after 26
days of treatment was 0.21 2 0.03 (P < .OOl) in the
male mice and 0.24 -+ 0.06 (P < .OOl) in the female
mice. The antitumor effect in males was nearly
identical to its antitumor effect in females (P > .05)
(Fig 4C).
Treatment for 23 days of LLC-Ll in female mice
(n = 20) resulted in a tumor volume in the control
mice of 4,200 rf: 544 mm3 versus 1,894 2 124 mm3 in
the AGM-1470 mice (Fig 5A). The T/C was 0.45 2
0.03 (P < .OOl) (Fig 5B).
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Fig 4. Inhibition of growth of MCA-105 after administration of
AGM-1470. (A) tumor volume in male mice; (B) T/C in male mice; (C)
T/C in male and female mice; (D) T/C in male nude mice.

weight. For example, in the treatment of mice with
LLC, the average mouse weight after 20 days in
control mice was 21.5 ~0.4 g versus 20.7 + 0.5 g in
the AGM-147~treated
mice (P < .OOl) (Fig 1B). In
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Fig 5. Inhibition of growth of LLC-Ll in female mice after administration of AGM-1470. (A) tumor volume; (B) T/C.

mice with MCA-105 the average mouse weight after
27 days of treatment in the control mice was 18.20 5
0.48 g versus 18.72 2 0.83 g in the AGM-1470 mice
(P < .OOl) (Fig 2B).
Mice that received AGM-1470 were active throughout the course of therapy. There were no visible side
effects (ie, hair loss, diarrhea, or seizure activity).
DISCUSSION

The inadvertent contamination of a culture plate of
capillary endothelial cells by a fungus, Aspergillus
fumigatus fresenius, led to the finding in our laboratory that fumagillin, the secreted fungal product that
inhibited endothelial cell proliferation, was also an
angiogenesis inhibitor. l4 AGM-1470 is a synthetic
analogue of fumagillin selected for increased potency
and decreased toxicity.
We show here that AGM-1470 has antitumor
activity against two types of murine LLC, a colon
carcinoma, and a fibrosarcoma. We further demonstrate that the antitumor activity of AGM-1470 operates independently of the sex of the host and is
equally as effective in T-cell-deficient mice as it is in
mice with an intact immune system. Prolonged therapy for 28 days is not associated with toxicity, as
shown by continuous weight gain in treated animals.

These experiments do not prove that the antitumor
effect of AGM-1470 is directly the result of its
antiangiogenic activity. However, experimental data
from our laboratory provide additional evidence that
the antiangiogenic activity of AGM-1470 is responsible for its antitumor activity: (1) AGM-1470 is not
cytostatic to Lewis lung cells in vitro as it is to
endothelial cells (unpublished data); (2) the cytotoxic
concentration of AGM-1470 for LLC cells in vitro is
greater than 20,000 times the cytostatic concentration
of this compound for endothelial cells in vitro13; thus,
the tumor cells are virtually resistant to AGM-1470
before the animals are treated, yet potent tumor
inhibition is obtained in vivo; (3) the concentration of
AGM-1470 necessary to inhibit the chemotaxis of
Lewis lung cells in vitro is approximately 300 times
greater than the concentration of this compound
necessary to inhibit endothelial cell chemotaxis in
vitroi3; (4) the intense, circumferential neovascularization of the cornea induced by an intracorneal implant
of basic fibroblast growth factor is suppressed by
systemic administration of AGM-1470 (subcutaneous
injection)‘*; and (5) AGM-1470 has no effect against
a leukemic tumor (P388) that grows as ascites in mice
and is not dependent on angiogenesis.14
The significant antitumor effect of AGM-1470 in
nude mice suggests that when this agent reaches
clinical trial in cancer patients, and that if tried in
patients with Kaposi’s sarcoma, it should retain its
efficacy even in the immunosuppressed
patient.”
AGM-1470 does not appear to require induction of
the host immune system to manifest antitumor activity. This is in contrast to some other antitumor agents
such as flavone acetic acid, which requires immune
stimulation, ie, increased natural killer cell activity, to
be effective.20 Furthermore, as predicted, the antitumor activity of flavone acetic acid was less effective in
nude mice.21
The low toxicity of AGM-1470, despite prolonged
therapy, is of interest because this finding is consistent with our previous results obtained from endothelial cells in vitro and from the chick embryo, which
show that AGM-1470 inhibits proliferating and migrating endothelial cells but has little or no effect on
nongrowing endothelium.13J4 Thus, we did not see
the side effects of diarrhea, anemia, weight loss, or
hair loss expected from conventional cancer chemotherapeutic agents that are toxic to rapidly replicating
normal cells. In fact, in preliminary unpublished data,
we find little or no toxicity in mice treated (without
tumors) for more than 150 days. The potential practical importance of this lack of toxicity is that the
treatment of cancer patients by AGM-1470 (or by
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other angiogenesis inhibitors) is likely to be long term
(months to years). This idea is supported by our
current experience with the successful treatment of
life-threatening hemangiomas in babies by a-interferonz2 The antiangiogenic activity of a-interferon,23*24
although not sufficiently potent to abrogate tumor
angiogenesis, is capable of causing regression of large
hemangiomas. Therapy was usually started in newborns or in premature babies and continued for as
long as 18 months without demonstrable toxicity.
While most conventional cancer chemotherapeutic
agents are effective for one tumor type or for a
restricted group of tumors, it could be argued that
antiangiogenic therapy should be effective against a
wide variety of tumors because this approach is
targeted to the vascular endothelium.” Therefore, we
can ask, is antiangiogenic therapy a form of generic
antitumor therapy? The testing of this hypothesis, will
require the demonstration of successful antitumor
activity by an angiogenesis inhibitor against a wide
variety of tumors. The efficacy of AGM-1470 against

the four tumors reported here strengthens this hypothesis.
AGM-1470 is currently awaiting FDA approval for
phase I clinical trial. It is too early to speculate on its
potential role in anti-cancer therapy. Nevertheless,
our experimental data leads us to think that such an
angiogenesis inhibitor may begin to be used as: (1) an
adjunct to conventional chemotherapy; (2) in combination with other angiogenesis inhibitors25-3h;or (3) in
the long intervals after initial chemotherapy, surgery,
or radiotherapy.
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Discussion
D. Tapper (Seattle, WA): When Dr Folkman first
proposed in 1971 a concept that angiogenesis or
neovascularization
was a critical element for the
control point in tumor growth, it was immediately
apparent that antiangiogenesis or the control of
tumor growth by inhibiting neovascularization was his
goal. Over the past 20 years, Dr Folkman and
individuals in his laboratory have worked to provide
early diagnosis for malignancy, identified the basic
elements or factors associated with angiogenesis, and
developed substances to treat malignancy which are
antiangiogenic. I think you have heard a scholarly
dissertation on the work by Dr Brem and his associates on these compounds. Fumagilin, which was
brought up at last year’s meeting and which Dr Brem
mentioned today, appeared to be too toxic so with the
work of pharmaceutical companies they developed
these synthetic anologues which I believe Dr Brem
has shown inhibit primary tumor growth, inhibit
metastases, are not dependent on the immune system, and are not sex related. I would like to ask Dr
Brem several questions. Do the tumors retain their
tumorogenicity? That is, if you stop AGM-1470, will
the tumors rapidly grow? Could you comment on the
long-term use of this compound in anima1 tumor
models? Have you enlisted patients for either a
clinical toxicity study or a phase II therapeutic study?
Do you know why the vascular endothelium does not
become resistant to the drug? Finally, is there any
chemical relationship between this angiogenic inhibitor and the others your group presented to this group
in the past, specifically angiostatic steroids and cartilagen inhibitors?
M. Langham (Gainesville, FL): I also enjoyed the
paper and would ask that the authors share their

thoughts with us on the effects of the drug not
necessarily in maintenance of weight but on growth in
children, since presumably growth is going to be
dependent on angiogenesis. Although there are no
sex-related differences in the effectiveness of treating
the tumor, there may be toxicity differences. Clearly
one of the primary examples of angiogenesis is the
menstrual cycle. Will the use of angioinhibitors in
women affect fertility?
H. Brem (response): Thank you for the thoughtful
questions. First, these tumors definitely retain their
tumorogenicity. In experiments where we treat 10
consecutive passages of carcinoma, which amounted
to 225 consecutive days of AGM-1470, then transplant the tumors and stop therapy, the tumors will
grow. We think AGM-1470 is targeting the endothehum, so when the tumor cells are transplanted, they
retain their ability to stimulate endothelial cell growth.
When we are no longer inhibiting the endothelium,
the tumors can then grow. We do think therapy will
be long term and although we have not done formal
studies at stopping and starting drugs, we do think
that once the drug is stopped in the presence of
tumor, the tumor will then grow. In answer to the
question of why the vascular endothelium cells are
nonresistant, one clue might come from work by Dr
Gaudison’s laboratory which has shown that endothelial cells, with the exception of endothelial cells in the
testes, the brain, and portions of the skin do not make
the multiple drug resistence gene. Clearly, there are
other mechanisms to explain how a cell can become
resistant. We have formal studies underway to determine if any resistance will develop. However, in
preliminary studies in a year of treatment in some of
these tumor models, no resistance has been seen.
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Currently, the FDA is studying this compound and we
are optimistic that in the near future clinical trials will
begin at the National Cancer Institute. In response to
the question of how AGM-1470 compares to other
antiangiogenic agents discovered by Dr Folkrnan, it is
structurely distinct and is neither a steroid nor a
protein. It may be possible in the future to combine
antiangiogenic agents for better efficiency. The question was asked about this drug’s effect on menstruation. I would like to extend that question to how does
it affect other physiological processes that are angiogenie dependent. The answer is it does affect certain
physiological processes like wound healing. Interestingly, in studies that we have done, it only suppresses
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wound healing during a small window of time, for
example when given in the first 4 days after the wound
is made. If it is given for up to 100 days prior to wound
formation or only 5 days after the wound is made,
wound healing is not affected. It is possible that in
menstruating women or pregnant women that these
processes would be interferred with by this potent
anti-angiogenesis inhibitor. In response to the question of “is growth affected,” in preliminary studies of
weaning mice (day 7 to 21) AGM-1470 did not
significantly affect weight gain. Furthermore, it may
have other applications in nonneoplastic, pathological angiogenic processes, for example, rheumatoid
arthritis or diagetic retinopathy.

