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POWERFUL ANTIANGIOGENIC
ACTIVITY OF HERBIMYCIN A
(NAMED ANGIOSTATIC
ANTIBIOTIC)

Sir:

Angiogenesis is the process of generating new
capillary blood vessels and leads, therefore, to
neovascularization?, This biological response
is observed in a variety of physiological and
pathological circumstances, including during em-
bryonic development and progressive growth of
solid tumors. Several growth factors and chemi-
cal substances have been found to induce angio-
genic activity’>?. Acidic fibroblast growth
factor, one of the putative angiogenic factors,
has been reported to stimulate the phosphory-
lation of plasma membrane protein with MW
of 135kDa, related to the growth factor re-
ceptor, on tyrosine residues®. Also, protein
kinase C activators have been shown to suppress
the stimulation of capillary endothelial cell
growth by angiogenic endothelial mitogens®.
This information appears to support the pos-
sibility that certain protein kinase is involved
in angiogenesis. UEHARA ef al. have reported
that herbimycin A has the ability to decrease
the phosphotyrosine content of the total cellular
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proteins and the phosphorylation level of 36
kDa protein, considered to be the common
target substrates for various tyrosine kinase
oncogene products®. In the present study, we
have examined the effect of herbimycin A on
angiogenesis in chick embryo chorioallantoic
membrane (CAM), the inhibitory activity of the
antibiotic being compared with that of medroxy-
progesterone acetate (MPA) which significant-
ly inhibited tumor angiogenesis in rabbit corneas
as described previously®, and have found the
antibiotic to have powerful antiangiogenic ac-
tivity. Thus, we wish to name herbimycin A
angiostatic antibiotic since angiogenesis-inhibit-
ing steroids are named angiostatic steroids™.
This is the first paper to report on the antiangio-
genic activity of herbimycin A, one of the
antibiotics, in CAMs.

Antiangiogenic activity was assayed by the
method of TANAKA er al® with a slight modifi-
cation. Samples incorporated in ethylene-vinyl
acetate copolymer (EV 40; Mitsui-DuPont Co.,
Tokyo, Japan) were prepared as described pre-
viously® and the EV pellets were placed on the
4.5-day CAMs. After the eggs were incubated
in a humidified incubator at 37°C for 2 days,
appropriate volume of 109 fat emulsion was
injected into the 6.5-day chorioallantois. The

Effect of herbimycin A on embryonic angiogenesis.

EV pellets containing herbimycin A ({A) 0 g, (B) 0.01 pg, (C) 0.1 ug, (D) 1 ng, (E) 10 ug) and MPA
((F) 100 ug) were implanted on the CAMs of 4.5-day-old eggs.
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At 2 days post-implantation, the antiangiogenic activity was determined; original magnification, x2.5.
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Table 1. Inhibitory effect of herbimycin A on angiogenesis in CAM.
‘ Dose Number of Number( ;) of
Reagents (nglogs) CAM CAM showing P valye®
S assayed avascular zone
Herbimycin A 0 24 0 —
0.01 10 0 (0) NS
0.1 10 3 (30) <0.05
1 10 10 (100) <0.001
10 12 12 (100) <0.001
MPA 100 10 5(50) <0.002

¢ Data as to the incidence of antiangiogenic activity were analyzed by FisHER’s exact probability test.
NS: Not significant. The antiangiogenic activity was evaluated on the 2nd day after implantation of the

indicated dose of reagent on the 4.5-day CAM.

antiangiogenic response was evaluated by measur-
ing an avascular zone in the CAM beneath the
pellet, followed by taking photographs of the
CAMs. The response was scored to be ef-
fective when the CAM tested had an avascular
zone of 3 mm or more diameter according to the
method of CRuM et al.” with a minor modifi-
cation.

The effects of herbimycin A (0.01~ 10 ug per
egg) and MPA (100 pg per egg) on embryonic
angiogenesis are shown in Fig. 1. Herbimycin
A displayed significant antiangiogenic activity
in this assay system with as little as 100 ng per
egg (Fig. 1C), as compared with the empty
pellet without the antibiotic (Fig. 1A). The
antibiotic (1 ug per egg) produced the avascular
zone in the 1009, CAM (Fig. 1D). This dose
of the antibiotic apparently caused no damage
to the growth of embryos. The highest dose
of the antibiotic (10 ug per egg) completely in-
hibited embryonic angiogenesis, where the treat-
ed CAMs showed little or no large and small
blood vessels and some toxic effect was observed
in half of embryos used (Fig. 1E). On the other
hand, the treatment of MPA (100 xg per egg)
elicited the avascular zone in the 509, CAM
(Fig. 1F). The results are summarized in Table
1. Herbimycin A showed dose-dependent in-
hibitory activity toward embryonic angiogenesis.
Similarly, UgHARA ef al. demonstrated that herbi-
mycin A inhibited the intracellular p60~° kinase
activity in temperature-sensitive Rous sarcoma
virus-infected rat cells in a concentration-de-
pendent manner®. The antibiotic also sup-
pressed angiogenesis induced by crude extract
of human cancer in rabbit corneas (T. YAwma-
SHITA et al.; personal communication). In ad-
dition, the antiangiogenic activity of herbimycin

A toward embryonic angiogenesis amounted to
more than 200 times that of MPA. Considering
the findings by UEHARA et al.5® mentioned
above, it might be possible that herbimycin A
might induce antiangiogenic activity by selective-
ly reducing the activity of certain tyrosine kinase,
related to tyrosine kinase oncogene product.
In this regard, further investigations are neces-
sary to elucidate the underlying mechanism by
which herbimycin A elicits antiangiogenic action.

Microorganisms have been reported to pro-
duce various bioactive substances and some of
them have been developed as therapeutic drugs
for human disease including cancer. Research
reagents such as enzyme inhibitors leupeptin,
antipain and others have also been discovered.
Taking into account these findings and the present
findings obtained with herbimycin A, it is highly
likely that microorganisms produce a variety of
known and unknown substances showing anti-
angiogenic activity. In this regard, the study
for searching novel angiostatic antibiotic is in
progress.

Acknowledgments

We are grateful to Drs. Y. UEHARA, A. HIRAGUN,
T. Katavyama and T. TakeucH! for their encourage-
ment to carry out this work and for critical reading
of this manuscript. This work was supported in
part by a Grant-in-Aid from The Tokyo Biochemical
Research Foundation.

TsutoMUu OIKAWA
KenNs1t HIROTANI
MARIKO SHIMAMURA
Hiromi AsHINO-FUSE
TAkAO IwAGUCHI



1204

1)
2

3)

4)

5

THE JOURNAL OF ANTIBIOTICS

Division of Cancer Therapeutics,

The Tokyo Metropolitan Institute of
Medical Science,

3-18-22 Honkomagome,

Bunkyo-ku, Tokyo 113, Japan

(Received February 14, 1989)

References

FoLkmaN, J.: Tumor angiogenesis. Adv.
Cancer Res. 43: 175~203, 1985

ForLkMAN, J. & M. KLAGSBRUN: Angiogenic
factors. Science 235: 442~447, 1987
Huang, S.S. & J.S. HUANG: Association of
bovine brain-derived growth factor receptor with
protein tyrosine kinase activity. J. Biol. Chem.
261: 9568~9571, 1986

DoctrOW, S. R. & J. FOLKMAN: Protein kinase
C activators suppress stimulation of capillary
endothelial cell growth by angiogenic endoth-
elial mitogens. J. Cell Biol. 104: 679~687,
1987

UEHARA, Y.; Y. MurakaMi, S. Mizuno & S.
Kawar: Inhibition of transforming activity of
tyrosine kinase oncogenes by herbimycin A.
Virology 164: 294~298, 1988

6)

7

8)

9)

JULY 198%

Oikawa, T.; A. Hmracun, Y. YosHma, H.
Asamvo-Fuse, T. TomiNnaca & T. IwWAGUCHI:
Angiogenic activity of rat mammary carcinomas
induced by 7,12-dimethylbenzfalanthracene and
its inhibition by medroxyprogesterone acetate:
Possible involvement of antiangiogenic action
of medroxyprogesterone acetate in its tumor
growth inhibition. Cancer Lett. 43: 85~92,
1988

CruM, R.; S. SzAaBo & J. FOLKMAN: A new
class of steroids inhibits angiogenesis in the pre-
sence of heparin or a heparin fragment. Science
230: 1375~1378, 1985

TANAKA, N. G.; N. SakaMoto, A. ToHGo, Y.
Nisurvama & H. Ocawa: Inhibitory effects
of anti-angiogenic agents on neovascularization
and growth of the chorioallantoic membrane
(CAM).—The possibility of a new CAM assay
for angiogenesis inhibition. Exp. Pathol. 30:
143~ 150, 1986

UeHARA, Y.; Y. Murakami, K. SUZUKAKE-
TsucHIYA, Y. Moriva, H. Sano, K. SHiBATA &
S. Omura: Effects of herbimycin derivatives
on src oncogene function in relation to antitumor
activity. J. Antibiotics 41: 831 ~834, 1988



