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Okadaic Acid Is a Potent Angiogenesis Inducer
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Okadaic acid, which is a non-12-(-tetradecanoylphorbol-13-acetate (TPA)-type tumor promoter and
an inhibitor of protein phosphatases 1 and 2A, induced angiogenesis in the chorioallantoic membrane
of the chick embryo. Its potent angiogenic activity was dose-dependent. The minimum effective dose
was 5 fmol/egg and the effective dose for 50% induction was 90 fmol/egg. These results indicated that
okadaic acid exhibits angiogenic activity one order of magnitude stronger than that of TPA (reported
previously). Moreover, the time-course of angiogenesis induction by okadaic acid was much slower
than that by TPA. The difference is consistent with the time-courses of other biochemical and
biological activities and also various gene expressions induced by okadaic acid and TPA, indicating
that the difference in the time-course is associated with their mechanisms of action. We conclude that
okadaic acid induces angiogenesis through a different pathway than does TPA, indicating the

existence of a new mechanism of angiogenesis induction.
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Angiogenesis seems to play a critical role in the pro-
gression of solid tumors,"” based on the evidence that
various angiogenesis inhibitors, such as angiostatic ste-
roids, microbial products and sulfated chitin derivatives,
suppress the growth of primary tumor or lung tumor
metastasis.”® Most tumors are able to induce angiogene-
sis,” ™ and various substances show angiogenic activity.?
Morris et al. reported that 12-O-tetradecanoylphorbol-13-
acetate (TPA) induces angiogenesis.” Recently Fujiki’s
group in Tokyo reported that okadaic acid is a non-TPA
type tumor promoter on mouse skin.'” Okadaic acid is a
polyether compound of a C;, fatty acid, isolated from the
black sponge, Halichondria okadai.'" Okadaic acid is as
strong a tumor promoter as TPA, and acts differently on
the cells than TPA.'"” Namely, okadaic acid specifically
inhibits the activities of protein phosphatases 1 and 2A,
resulting in an increase of phosphoproteins in the
cell, " whereas TPA. is a potent activator of protein
kinase C."” Thus, we studied induction of angiogenesis
by okadaic acid, and compared it with that by TPA.

Angiogenic activity was determined by the chorioallan-
toic membrane (CAM) assay as described previously.'®
Methylcellulose (4000 cps; Tokyo Kasei Kogyo Co. Ltd.,
Tokyo) disks were prepared by air-drying 1% methyl-
cellulose solution containing a test sample and 2.5%
cthanol on Teflon rods according to the method of Crum
et al'” Okadaic acid was isolated from a black sponge,
Halichondria okaduai, as described previously.!? TPA was
purchased from LC Services Corp., Woburn, MA.
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Fertilized chick eggs (Ohmiya Kakin Lab., Ohmiya)
were incubated in a humidified egg incubator at 37°C.
After a 3-day incubation, a 1-cm square window on the
egg shell was made and eggs were incubated for an
additional 7 days. A methylcellulose disk impregnated
with a test sample was carefully implanted on the surface
of the 10-day-old CAM. Angiogenic response on the
treated CAM was evaluated under an Olympus stereo-
scope at the indicated time, being graded as negative or
positive on the basis of infiltration of blood vessels into
the area of the implanted methylcellulose disk, as
described previously.'®

Figure 1 shows angiogenic activity on the third day
after implantation of a methylcellulose disk impregnated
with okadaic acid at a dose of 50 pmol/egg and TPA at
a dose of 200 pmol/egg. Figure 2 shows the dose-
response curve of angiogenic activity by okadaic acid,
which was assessed 3 days after implantation. Okadaic
acid at a dose of 5 fmol/egg significantly induced
angiogenesis and its effective dose for 50% induciion was
90 fmol/egg. Five pmol of okadaic acid/egg induced
angiogenesis in all treated CAMSs. As reported previ-
ously, TPA at a concentration of § uM, which corre-
sponds to 80 pmol/egg, induces angiogenesis in 93% of
CAMs.” Therefore, we think that okadaic acid is at least
one order of magnitude more potent than TPA in induc-
tion of angiogenesis. Angiogenin, which is a peptide
isolated from a human colon adenocarcinoma cell line, is
a strong angiogenesis inducer. Angiogenin at a dose of
35 fmol/egg starts to induce angiogenesis, as reported
previously.'” From these data, okadaic acid is thought to
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Fig. 1. Angiogenic ac

i A

tivity on the third day after implantation of a methylcellulose disk impregnated with the vehicle (A, control),

okadaic acid (B, 50 pmol/egg) or TPA (C, 200 pmol/egg) into CAM of chick embryo. The 10-day-old CAM was treated with the

vehicle, okadaic acid or TPA for 3 days. X8.
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Fig. 2.. Dose-response curve of angiogenesis induction by
okadaic acid. Angiogenic activity was assessed 3 days after the
implantation and 12-21 eggs were employed for each dose.
* P<0.02 compared to the control, whose positive angio-
genic activity value was 49 (2/51); %% P<0,001 compared
to the control (Fisher’s exact probability test).

be one of the most potent angiogenesis inducers known
at present.

Figure 3 shows the time-courses of angiogenesis induc-
tion by okadaic acid at a dose of 50 pmol/egg and by
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Fig. 3. Time-course of induction of angiogenesis by okadaic
acid (©) and TPA ( ®). The numbers of eggs used were 13, 15
and 12 for the vehicle (A; control), okadaic acid (50 pmol/
egg) and TPA (200 pmol/egg), respectively.

TPA at a dose of 200 pmol/egg. The respective doses of
okadaic acid and TPA were thought to be functionally
comparable to each other with respect to their abilities
to induce angiogenesis, based on the results for okadaic
acid shown in Fig. 2 and the previous results for TPA
mentioned above.” It was remarkable that okadaic acid
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induces angiogenesis much more slowly than TPA,
namely, angiogenic activity by okadaic acid was not
detected until 12 h after implantation and then reached a
maximum at 24 h after treatment. In contrast, TPA
induced angiogenesis much more rapidly; most of the
treated CAMs showed a positive angiogenic response at
12 h after treatment. There was an 8-h difference in
treatment times with okadaic acid and TPA to achieve
the 50% induction.

It has recently been reported that okadaic acid shows a
delayed time-course in induction of other biological and
biochemical effects and also gene expressions compared
with TPA, although both okadaic acid and TPA induce
various common responses. Okadaic acid, unlike TPA,
stimulated prostaglandin E, production with a 6-h lag
phase in rat peritoneal macrophages.'”’ Expressions of
c-fos, transin and urokinase genes induced by okadaic
acid in mouse keratinocytes were delayed about 3, 14 and
6 h, respectively, when compared to the induction by
TPA.” In addition, okadaic acid-induced NF-«B in
Jurkat cells was delayed about 5 h compared to the
induction by TPA.*") We also know now that these gene
expressions are activated by various enhancer elements
such as TPA responsive element (TRE} and serum re-
sponsive element (SRE).”>*) In particular, the okadaic
acid responsive element (ORE), which was first found at
—137 in the human collagenase promoter, is also in-
volved in gene expression of okadaic acid.” We assume
that angiogenesis induction by okadaic acid is mediated
through a signal transduction pathway involving ORE as
well as TRE and SRE. Alternatively, it might be possible
that some proteases, such as urokinase and collagenase,
are involved in angiogenesis induction by okadaic acid,

REFERENCES

1y Folkman, J. Tumor angiogenesis. Adv. Cancer Res., 43,
175-203 (1985).

2) Folkman, J., Langer, R., Linhardt, R. J., Haudenschild, C.
and Taylor, 8. Angiogenesis inhibition and tumor regres-
sion caused by heparin or a heparin fragment in the
presence of cortisone. Science, 221, 719-725 (1983).

3) Sakamoto, N. and Tanaka, N. (5. Effect of angiostatic
steroid with or without glucocorticoid activity on metas-
tasis. Invasion Metastasis, 7, 208-216 (1987),

4} Oikawa, T., Hiragun, A., Yoshida, Y., Ashino-Fuse, H.,
Tominaga, T, and Iwaguchi, T. Angiogenic activity of rat
mammary carcinomas induced by 7,12-dimethylbenz[a]-
anthracene and its inhibition by medroxyprogesterone
acetate: possible involvement of antiangiogenic action of
medroxyprogesterone acetate in its tumor growth inhibi-
tion. Cancer Lett., 43, 85-92 (1988).

5) Ingber, D., Fujita, T., Kishimoto, 8.,

8

Sudo, K,

because the expressions of these two protease activities
were induced by okadaic acid or TPA,™*? and their
inhibitors affected angiogenesis induction.”*®

Based on the evidence that two potent tumor pro-
moters commonly induce angiogenesis, we should discuss
how angiogenesis is related to tumor promotion. It was
reported that retinoids and vitamin D; analogues, which
are potent inhibitors of tumor promotion of TPA on
mouse skin, also inhibit angiogenesis induction in
CAMs. 7™ Moreover, we have recently demonstrated
that an angiogenesis inhibitor, medroxyprogesterone ace-
tate (MPA), inhibits tumor promotion by okadaic acid
on mouse skin. Cotreatment with MPA and sarcophytol
A, another inhibitor of carcinogenesis, resulted in en-
hanced inhibitory effects on tumor promotion.’” These
results strongly indicated that the angiogenic response by
a tumor promoter is involved in one stage of tumor
development, that is, tumor promotion. Previous studies
also showed that there was an intimate relationship be-
tween angiogenesis and neoplastic progression,”” and
that induction of angiogenesis occurred during the tran-
sition from hyperplasia to neoplasia, indicating that an-
giogenesis induction is one of the important events in
carcinogenesis.”” Further study is required to elucidate
the role of angiogenesis inhibitors in prevention of tumor
growth.
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