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Angiogenesis, the process of new blood vessel formation
using endothelial cells, is a crucial process for solid tumor

12 Accordingly, an efficient

growth and metastasis
inhibition of angiogenesis could be important in the
treatment of human cancers®*. Although several chemicals
and peptides are being developed as anti-angiogenic

agents® ™'

, anti-angiogenic chemicals with novel structures
can be valuable tools in a chemical genetics approach to
study angiogenesis as well as for the development of new
anti-angiogenic therapeutic drugs. Based on this idea, we
undertook a phenotypic screen for small molecules with
anti-angiogenic activity amongst microbial metabolites. As
a result, we found the known compound, terpestacin, in a

culture extract of Embellisia chlamydospora KF208 that

Fig. 1. Chemical structure of terpestacin
(CysH350,).
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exhibited anti-angiogenic activities both in vitro and in vivo.

Terpestacin (Fig. 1), a bicyclo 5~15-fused sesterterpene,
was originally isolated from Arthrinium sp. as a syncytium
formation inhibitor (IC5,=0.46 mg/ml) in HIV infection'?.
In addition, this compound was isolated from Bipolaris
cynodontis as a phytotoxin'>. However, there has been no
report on the anti-angiogenic activity of the compound and
its production by Embellisia chlamydospora. In this study,
we demonstrate a novel biological activity of terpestacin:
inhibition of angiogenesis. .

Terpestacin was obtained from the culture extract of
Embellisia chlamydospora KF208 as the procedure
described by Oka et al.'”. Basic fibroblast growth factor
(bFGF) was purchased from Upstate Biotechnology (Lake
Placid, NY), cell culture media from Life Technology
(Grand Island, NY), Matrigel from Collaborative
Biomedical Products (Bedford, MA), and Transwell plates
from Corning Costar (Cambridge, MA). Early passage
(4~8 passages) bovine aortic endothelial cells (BAECs)
were kindly provided by Dr. Jo at the NIH of Korea.
BAECs were grown in MEM supplemented with 10% fetal
bovine serum (FBS) at 37°C in a humidified atmosphere of
5% CO,.

Fig. 2. Effect of terpestacin on viability of
BAECs.
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BAECs were treated with various concentrations of
terpestacin (0~20 ug/ml) and incubated for 72 hours.
The cell viability was measured by trypan blue assay.
The experiment was repeated twice independently.

* Corresponding author: kwonhj@sejong.ac.kr
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First, to determine the optimum dose of terpestacin with
no cytotoxicity for angiogenesis assays, endothelial cell
viability assay was performed using the trypan blue
exclusion method. The BAECs were seeded at a density of
1.5 10* cells per well in 24-well culture plates. Terpestacin
(0~20 ug/ml) was added to each well and incubated for up
to 72 hours. After 72 hours, cells were stained with trypan
blue and then counted by hemacytometer. The viability of
BAECs was more than 95% even at 20 pug/ml of terpestacin
treatment for 72 hours (Fig. 2). Therefore, angiogenesis

assays were performed in a concentration range of | to
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20 ug/ml of terpestacin in the absence of cytotoxicity.

To explore the anti-angiogenic activity of terpestacin, an
in vitro endothelial cell invasion assay was conducted as
described previously by KwoN et al.?. Since endothelial
cell invasion is a crucial step for the spreading and
migration of cells, the inhibition of this step has been
considered as an important property for anti-angiogenic
agents'*!>). Thus, the invasiveness of endothelial cells was
performed in vitro using a transwell chamber system with
8.0-um-pore-polycarbonate filter inserts. The lower side of

the filter was coated with 10 ul gelatin (1 mg/ml), whereas

Fig. 3. Effect of terpestacin on the invasion of BAECs.
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BAECs were seeded at a density of 1X10° cells/well and treated with and without bFGF (30 ng/ml). The cells
were then treated with the agent. (A) Inhibitory activity of terpestacin on endothelial cell invasion. Serum-starved
BAECs left in serum-free medium (Control) or treated with bFGF in the presence or absence of terpestacin was used
for invasion assay. The experiment was repeated twice independently. (B) Microscopic observation of invaded cells
(X100 magnification): (a) control; (b) bFGF alone; (c) bFGF+terpestacin (1 ug/ml); (d) bFGF +terpestacin

(5 pg/ml); (e) bFGF +terpestacin (10 pg/ml).
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Fig. 4. Effect of terpestacin on the tube formation of BAECs.

(a) BAECs were seeded on Matrigel-coated wells at a density of 1X 10° cells/well without bFGF and the agent.
(b) The BAECs were stimulated with bFGF (30 ng/ml) without the agent. (¢) The BAECs were stimulated with bFGF
and treated with 10 ug/ml terpestacin. Photographs were taken 8 hours after the agent treatment. Arrow indicates
dramatic inhibition of the tube formation. The experiment was repeated twice independently.

the upper side was coated with 10 ul of the Matrigel.
BAECs (1X10° cells) were placed in the upper part of the
filter. The chamber was then incubated at 37°C for 18
hours. The cells were fixed with methanol and stained with
hematoxylin/eosin. The cell invasion was determined by
counﬁng the total number of cells in the lower side of the
filter using optical microscopy at X100 magnification. As
shown in Fig. 3, bFGF effectively induced cell invasion
through the filter compared to that of the control. However,
(1~10 ug/ml) inhibited
bFGF-induced invasion of BAECs.

Next, the inhibitory effect of terpestacin on capillary

terpestacin dose-dependently

tube formation, another key phenotype for endothelial cell

M was examined. Thus,

differentiation of angiogenesis
150 ul Matrigel (10 mg/ml) was placed in a 48-well culture
plate and polymerized for 2 hours at 37°C. The BAECs
(1X10° cells) were seeded on the surface of the Matrigel
and trcated with bFGF (30 ng/ml). Subsequently, the
morphological changes of the cells and tube formation were
obscrved under a microscope and photographed at X100
magnification using a JVC digital camera (VICTOR,
Japan). In the absence of bFGE, cultured BAECs on the
Matrigel normally formed incomplete and narrow tube-like
structures (Fig. 4A) but the capillary network formation
was stimulated by the trcatment of bFGF resulting in
clongated and robust tube-like structures (Fig. 4B). As
shown in Fig. 4C, terpestacin (10 ug/ml) efficiently
inhibited the tube formation induced by bFGF. However,
trypan blue staining of formed tubes showed no stained
cells, implying that the inhibition of tube formation by

terpestacin was not merely due to the cytotoxic effect of the

Table 1. Effect of terpestacin on in vivo
angiogenesis of CAM.

Drug Inhibited egg Inhibition ratio

/ live egg (%)

Empty 2/21 10

Retinoic acid (1 pg/egg) 17/20 85

Terpestacin

(10 pglegg) 7/15 47

(100 ng/egg) 9/14 64

(200 pg/egg) 18/21 86

compound (data not shown). Interestingly, the inhibitory
concentration in these in vitro angiogenesis assays was
much less than that of syncytium formation (0.46 mg/ml),
suggesting that the mode of action of terpestacin in these
biological activities appears to be different from each other.

The anti-angiogenic activity of terpestacin was also
validated in vivo using chorioallantoic membrane (CAM)
from growing chick embryo. Fertilized chick eggs were
kept in a humidified incubator at 37°C for 3 days. About
2ml of egg albumin was then removed with a hypodermic
needle allowing the CAM and yolk sac to drop away from
the shell membrane. On day 3.5, the shell was punched out
and removed and the shell membrane peeled away. At
the stage of a 4.5-day old chick embryo, terpestacin
(10~200 ug/egg)-loaded thermanox cover slips were air-

dried and applied to the CAM surface. Two days later, 2 ml
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of 10% fat emulsion was injected into the chorioallantois
and the CAM was observed under a microscope. Since
retinoic acid (RA) is known as an anti-angiogenic
compound, RA was used as a positive control for anti-
angiogenic responses'’. When the CAM treated with
sample showing an avascular zone to a similar degree of
RA-treated CAM that had very few vessels compared to
empty cover slip, the response was scored as positive, and
calculated based on the percentage of positive eggs to the
total number of eggs tested. As a result, the inhibition of
the angiogenesis of retinoic acid, the positive control, was
85% (n=20), and that of empty cover slips was 10%
(n=21). Terpestacin dose-dependently inhibited the
neovascularization of chorioallantoic membrane from chick
embryo without showing any rupture or toxicity of
preexisting vessels (Table 1).

All results shown herein strongly demonstrate that
inhibits
endothelial cell viability both in vitro and in vivo, and

terpestacin angiogenesis  without  affecting
suggest that the compound appears to have a unique mode
of action different from its known biological activities.
Accordingly, it can be developed as an anti-angiogenic
agent for chemical genetics study of angiogenesis.
Interestingly, the bicyclic ring structure of terpestacin is
similar to that of radicicol, an inhibitor of molecular
chaperone heat shock protein (HSP) 90, which exhibited
the morphological reversion activity of oncogene-
transformed fibroblasts'® and a potent anti-angiogenic

M However, the mode of actions of these two

activity
compounds may be ‘differ since morphological change of
the cells by terpestacin treatment is different from that of
radicicol (data not shown). Notably, terpestacin inhibits
extracellular signal-regulated kinase (ERK) activity in the
cells (data not shown). The activation of the mitogen-
activated protein kinase (MAPK)/ERK signaling pathway
has been highlighted as a fundamental pathway that
modulates a number of cellular process including cell
proliferation, migration, and invasion'®. Therefore, the
mode of anti-angiogenic activity of terpestacin appears to
be related to the regulatory mechanism of ERK pathway.
Detailed studies on the effect of terpestacin in ERK
pathway as well as the identification of cellular target of the
compound will help to define the mechanism of the

compound.

Acknowledgement

This work was supported by a grant number MG02-0302-
006-1-0-0 of 21C Frontier Microbial Genomic and Application
Project from Ministry of Science & Technology of Korea and

THE JOURNAL OF ANTIBIOTICS 495

the Brain Korea 21 Project. We are grateful to Dr. 1. Jo at the
KNIH for BAECs.

References

1) FoLkMAN, J.: Tumor angiogenesis. Adv. Cancer Res. 43:
175~203, 1985

2) CARMELIET, P. & R. K. JAIN: Angiogenesis in cancer and
other diseases. Nature 407: 249~257, 2000

3) ANDRE, T.; E. CHASTRE, L. KOTELEVETS, J. C. VAILLANT,
C. Louver, J. BaLosso, E. L. GaLL, S. PrRevor & C.
GespacH:  Tumoral angiogenesis:  physiopathology,
prognostic value and therapeutic perspectives. Rev. Med.
Interne. 19: 904~913, 1998

4) BATTEGAY, E. J.: Angiogenesis: mechanistic insights,
neovascular diseases, and therapeutic prospects. J. Mol.
Med. 73: 333~346, 1995

5) Cao, Y.: Endogenous angiogenesis inhibitors and their
therapeutic implications. Int. J. Biochem. Cell Biol. 33:
357~369, 2001

6) Damato, R.; M. S. LoUGHNAN, E. FLYNN & J. FOLKMAN:
Thalidomide is an inhibitor of angiogenesis. Proc. Natl.
Acad. Sci. USA 91: 4082~4085, 1994

7) DEPLANQUE, G. & A. L. HARRIS: Anti-angiogenic agents:
clinical trial design and therapies in development. Eur. J.
Cancer 36: 1713~1724, 2000

8) INGBER, D.; T. Funta, S. KisHmmoro, K. Supo, T.
KANAMARU, H. BrReM & J. FoLkmaN: Synthetic
analogues of fumagillin that inhibit angiogenesis and
suppress tumor growth. Nature 348: 555~557, 1990

9) Kwon, H. I; J. S. Suim, J. H. Kim, H. Y. CHo, Y. N. Yum,
S. H. Kim & J. H. Yu: Betulinic acid inhibits growth
factor-induced in vitro angiogenesis via the modulation
of mitochondrial function in endothelial cells. Jpn. J.
Cancer Res. 93: 417~425, 2002

10) SHim, 1. S.; D. H. Kim, H. J. Jung, J. H. Kim, D. Y. Lim,
S. K. LEg, K. W. Kim, J. W. AHN, 1. S. Y00, J. R. RHo, J.
H. SHIN & H. J. Kwon: Hydrazinocurcumin, a novel
synthetic curcumin derivative, is a potent inhibitor of
endothelial cell proliferation. Bioorg. Med. Chem. 10:
2987~2992, 2002

11) Kwon, H. J; M. S. Kim, M. J. Kim, H. Nakaima & K.
W. KiM: Histone deacetylase inhibitor, FK228, inhibits
tumor angiogenesis. Int. J. Cancer 97: 290~296, 2002

12) Oka, M.; S. Iimura, O. TeENMvYO, Y. SawADA, M.
SUGAWARA, N. OHkusA, H. YamamoTo, K. Kawano, S.
L. Hu, Y. Fukacawa & T. OkI: Terpestacin, a new
syncytium formation inhibitor from Arthrinium sp. J.
Antibiotics 46: 367~373, 1993

13) Sucawara, E; G. StroBeL, L. E. FisHER, G. D. VAN
DUYNE & J. CLARDY: Bipolaroxin, a selective phytotoxin
produced by Bipolaris cynodontis. Proc. Natl. Acad. Sci.
USA 82: 8291~8294, 1985

14) BussoLINO, F; A. ManTovant & G. Persico: Molecular
mechanisms of blood vessel formation. Trends Biochem.
Sci. 22:251~256, 1997

15) KuwaNo, M.; J. FukusHi, M. OkamMoTO, A. NisHIE, H.
Goto, T. IsHIBASHI & M. ONO: Angiogenesis factors.
Intern. Med. 40: 565~572, 2001

16) Kwon, H. J.; M. YosHIDA, R. NaGaokA, T. OBINaTA, T.
BEPPU & S. HORINOUCHI: Suppression of morphological
transformation by radicicol is accompanied by enhanced



496 THE JOURNAL OF ANTIBIOTICS MAY 2003

gelsolin expression. Oncogene 15: 2625~2631, 1997 DeBippA, F. BENNARDINI, G. SavA & C. VENTURA:

17) Oikawa, T.; H. Ito, H. ASHINO, M. Tol, T. TOMINAGA, I. Inhibition of the MEK/ERK signaling pathway by the
MoritTA & S. Murota: Radicicol, a microbial cell novel anti-metastatic agent NAMI-A down regulates c-
differentiation modulator, inhibits in vivo angiogenesis. myc gene expression and endothelial cell proliferation.
Eur. J. Pharmacol. 241: 221~227, 1993 Eur. J. Biochem. 269: 5861~5870, 2002

18) PiNntUsS, G.; B. TADOLINI, A. M. POSADINO, B. SANNA, M.



