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Abstract—Evaluation of antiangiogenic activity of marine sponge derived azumamides by the in vitro vascular organization model
using mouse induced pluripotent stem (iPS) cells was carried out. Azumamide E (5) strongly inhibited in vitro angiogenesis from iPS
cells at 1.9 lM while azumamide A (1) showed only weak inhibition at 19 lM. These results were well correlated with HDAC inhib-
itory activity of these compounds, revealing the prospect of azumamides as the probe molecules useful for stem cell chemical
biology.
� 2008 Published by Elsevier Ltd.
The establishment of mouse induced pluripotent stem
(iPS) cells1 followed by the success in reprogramming of
differentiated human somatic cells into a pluripotent
state2,3 gave a significant impact on the life sciences not
only because of the possibility of regeneration therapy
without rejection associated with traditional transplanta-
tion but also because of the prospect for application to the
assay systems evaluating efficacy and toxicity of drugs
against the individual SNP. Therefore, it seems to be an
urgent issue to verify the biological activity of the probe
molecules found by the assay using ES cells in the iPS sys-
tems for further development of stem cell biology by
means of chemical biological strategy.

Azumamides A–E (1–5) are the histone deacetylase
(HDAC) inhibitors isolated from the marine sponge
Mycale izuensis.4,5 Consistent with the former report
that HDACs can be the promising target of antiangio-
genic therapy,6,7 azumamide A (1) was also found to in-
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hibit vascularization in the in vitro vascular
organization model using mouse ES cells at 19 lM.8

Since the following studies9,10 revealed that the HDAC
inhibitory activity of synthetic 1 was not as potent as
that of originally reported while synthetic 5 retained
the equivalent potency, we re-evaluated inhibitory activ-
ities of 1–5 against HDAC1, HDAC4, and HDAC6, as
well as p21 promotion activities. Then, the antiangio-
genic activities of azumamides A (1) and E (5) by the
in vitro vascular organization model using mouse in-
duced pluripotent stem (iPS) cells were tested. As a re-
sult, we found a dose-dependent antiangiogenic
activity in the iPS cell system of 5, while 1 showed only
a moderate effect.

These results were well correlated with their HDAC
inhibitory activities, and therefore, azumamide E (5) is
presumed to be the promising probe molecule for the
chemical biology of angiogenesis and stem cell
differentiation.

Azumamides A–E were assayed for HDAC inhibitory
activity using HDAC1, HDAC4, and HDAC6 enzymes
prepared from 293T cells.11 Azumamides A (1) and D
(4) showed only a very weak inhibitory activity against

mailto:ayocha@waseda.jp
mailto:juny@frontier.kyoto-u.ac.jp


Y. Nakao et al. / Bioorg. Med. Chem. Lett. 18 (2008) 2982–2984 2983
these subtypes at 50 lM, while B (2), C (3), and E (5)
showed inhibitory activities against HDAC1 and
HDAC4 with IC50 values ranging from 1.17 to
3.66 lM. None of 1–5 showed remarkable activity
against HDAC6. Promotion of p21 expression was also
evaluated12 and only azumamide E (5) showed a moder-
ate activity with EC1000 value of 17.0 lM (Table 1).
Figure 1. Effects of azumamide A (1) on in vitro vascular organization

of mouse iPS cells. (a–d) ·4, bar = 500 lm. (e–h) ·10, bar = 100 lm. (a

and e) 0.19 lM of 1. (b and f) 1.9 lM of 1. (c and g) 19 lM of 1. (d and

h) 0 lM of 1.

Figure 2. Effects of azumamide E (5) on in vitro vascular organization

of mouse iPS cells. (a–d) ·4, bar = 500 lm. (e–h) ·10, bar = 100 lm. (a

and e) 0.19 lM of 5. (b and f) 1.9 lM of 5. (c and g) 19 lM of 5. (d and

h) 0 lM of 5.
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These results suggested that azumamide E (5) is the most
active among 1–5, therefore, 1 and 5 were tested for their
antiangiogenic activity in the in vitro vascular organiza-
tion model using mouse iPS cells.13

Evaluation of antiangiogenic activity was carried out
basically following the procedure using mouse ES
cells,4,8 except that mouse iPS cells derived from mouse
skin fibroblasts were used instead of mouse ES cells.

In this model, azumamide A (1) did not show or showed
only a weak inhibition even at 19 lM (Fig. 1c and g),
which is inconsistent to the former result but consistent
with the HDAC inhibitory activity (IC50 > 50 lM) ob-
tained in this assay.

On the other hand, azumamide E (5) showed dose-
dependent inhibition of angiogenesis in this model at
as low as 0.19 lM (Fig. 2). The observed antiangiogenic
activity of 5 was again well consistent with the inhibitory
activity against HDAC1 and HDAC4.
Table 1. Biological activity of azumamides A–E (1–5)

Compound HDAC1a HDAC4a

1 >50 lM >50 lM

2 1.83 lM ± 0.11 3.66 lM ±

3 1.17 lM ± 0.16 3.16 lM ±

4 >50 lM >50 lM

5 1.22 lM ± 0.13 2.28 lM ±

TSAc 0.0366 lM 0.0629 lM

a IC50 values (±standard deviation).
b EC1000 values.
c Trichostatin A.
In the present study, we have tested inhibitory activity of
azumamides A–E (1–5) against HDAC1, HDAC4, and
HDAC6, as well as p21 promotion activity. In the
HDAC inhibitory assay system used in this study, azu-
mamides showed weaker activities than those obtained
in the previous report.4 Inhibitory activities obtained
for the synthetic azumamides by Ganesan10 also showed
a weaker activity of 1. From the results of De Riccardis9

and Ganesan,10 it seems that assay conditions may lar-
gely affect the HDAC inhibitory activities. However,
the results of HDAC inhibition assay for azumamides
A and E in the present study were well correlated with
the antiangiogenic activity in the iPS cells system.

It will be a valid strategy for the stem cell chemical biol-
ogy, to compare gene expression or epigenetic states
during the cell differentiation processes under the differ-
ent culture conditions prepared by the administration of
positive or negative probe molecules, respectively. Azu-
mamides A (1) and E (5) can be such a probe molecule
HDAC6a p21 promotionb

>50 lM >25 lM

1.34 >50 lM >25 lM

0.21 >50 lM >25 lM

>50 lM >25 lM

0.16 >50 lM 17.0 lM ± 3.91

0.0833 lM 0.0115 lM
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set ideal for the chemical biological study of stem cell
differentiation and angiogenesis using iPS cells.
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