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Abstract Angiogenesis, formation of new blood vessels from
preexisting one, is a critical step of tumorgenesis of solid
tumors. Therefore, antiangiogenic therapy is one of the prom-
ising approaches to control tumor growth. In the past 20 years,
a lot of compounds have been tested for their antiangiogenic
properties. Bevacizumab, Avastin®, the first antiangiogenic
drug approved by the US FDA, has been widely used in clinic
for treating cancer. Indeed, many synthetic compounds are
highly toxic and exert side effects even though they are effec-
tive in inhibiting neovessel formation and cancer cell growth.
Using natural compounds or their derivatives is one of the
ways to solve these problems. Sinomenine and ginsenosides
are common antiangiogenic and anticancer compounds that
are extracted from herbal medicines. Recent findings sug-
gested that marine algae-derived natural pigments also possess
similar activities. It has been reported that fucoxanthin from
Undaria pinnatifida, Siphonaxanthin from Codium fragile,
can inhibit angiogenesis and cancer growth effectively. In
conclusion, natural compounds derived from marine algae

could provide a novel and safe source for new drug develop-
ment in anticancer and antiangiogenic properties in the future.
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Introduction

The ocean covers approximately 70 % of Earth’s surface. It
contains around 97 % of Earth’s water, and comprises about
50 % of total global biodiversity. Regarding to uniqueness of
marine environment, marine organisms have developed a se-
ries of specific biochemical and physiological systems, so as
to survive in this dynamic and competitive habitat. Thus, ma-
rine flora and fauna are rich sources of diverse compounds
with different biological activities and potential health bene-
fits. Increasing evidences indicate that these bioactive mate-
rials function as antimicrobial, antioxidative, antihyperten-
sive, anticoagulant, or anticancer ingredient in the functional
foods, nutraceuticals, or even pharmaceuticals with regard to
their nutritional value and therapeutic potential in the disease
prevention or treatment (Kim et al. 2008; Kim andWijesekara
2010; Pomponi 1999). However, there is only a very limited
portion, about 5 %, of the ocean has been explored (www.
water.usgs.gov); indeed, a huge amount of valuable
biological and chemical resources are undescribed.

In the past decade, natural compounds have been claimed
for their valuable nutritional values. Moreover, many of them
are pharmacologically active and used for medical purposes.
According to WHO, cancer has become much more popular
and the global cancer rates could further increase by 50 % to
15 million new cases by 2020 (www.who.inf). Data showed
that lung cancer is the most common cancer found in both sex
worldwide (www.wcrf.org; www.cancer.gov), while
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colorectal cancer is in the top-ranked position in some areas
such as Hong Kong (www.cancer.fund.org; www.iarc.fr). One
of the ways in cancer treatment is applying conventional
cytotoxic anticancer drugs such as cisplatin, which can kill
cancer cells directly. In fact, some potent anticancer drugs or
potential drug candidates such as Taxol®, camptothecin, and
combretastatin are natural in origin. Besides, many drug
compounds are originated from marine organisms including
marine sponge and algae.

Since Dr. Folkman proposed antiangiogenic strategy for
cancer treatment in 1970, many compounds have been
screened for any angiosuppressive properties. Eventually,
the development of angiosuppressive drugs becomes one
of the focuses in pharmaceutical industry. As proposed, by
inhibiting angiogenesis, tumor tissues cannot obtain
enough nutrients for the active metabolism. Moreover, ma-
lignant tumor cells have no way to metastasize through
the newly formed blood vessels. Therefore, antiangiogenic
therapy has become one of the promising methods for
cancer treatment. Avastin® is the first drug approved for
cancer or angiogenic disorders (e.g., diabetic retinopathy)

treatments by acting as an angiosuppressive agent. As we
know, marine contains huge amount of valuable materials,
some of them or their derivatives would be the promising
drug candidates such as bryostatin-1, panobinostat,
plitidepsin, marizomib, and plinabulin, whereas they are
being tested in phase I, phase II, and phase III clinical
trials (Wang and Miao 2013). Up to now, two of four
approved marine-derived drugs, cytarabine and
ecteinascidin, are approved for cancer treatment in 1969
and 2007, respectively (Mayer et al. 2010; Abraham et al.
2012). In this review, we will summarize the marine-
originated compounds which have been shown for the
angiosuppressive activities (Fig. 1).

Angiogenesis

General background

Angiogenesis, the formation of neovessels from
preexisting vasculature, is a complex process that
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comprises endothelial cell (EC) activation by angiogenic
growth factors, protease secretion to digest the extracel-
lular matrix, EC chemotactic migration and invasion,
EC tube formation, and neovessel stabilization. During
the normal situation, angiogenesis is closely under con-
trol by a series of angiogenic stimulators and inhibitors.
Indeed, this process has been shown to contribute for
pathogenesis of many diseases such as cancer, athero-
sclerosis, diabetic retinopathy, and rheumatoid arthritis
(Folkman and Klagsbrun 1987).

Angiogenesis as a therapeutic target

Angiotherapy is a newly developed clinical treatment
strategy that targets the angiogenesis in pathological sit-
uation. This strategy can be applied for either promoting
or suppressing angiogenesis. For case of promotion,
becaplermin (Regranex™), a recombinant human
platelet-derived growth factor (PDGF), has been used
for treating diabetic foot ulcers by enhancing angiogen-
esis (Nagai and Embil 2002; Papanas and Maltezos
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2007). Conversely, for the case of suppression,
bevacizumab (Avastin®), a recombinant humanized
monoclonal body of vascular endothelial growth factor
A (VEGF-A), has been used for treating various types
of cancer by suppressing neovessel formation (Kerbel
2000; Brekken et al. 2002; Ruoslahti 2002). In fact,
the effort of angiosuppression is more appreciated in
the field of biomedical and clinical applications. Many
evidences have shown the capability of different
angiosuppressive agents in pathological situation (Amit
et al. 2013; Mayer et al. 2010). Thus, in this review,
mainly the marine-derived angiosuppressive agents are
discussed.

Angiosuppressive effects of marine-derived
compounds

Previous literatures show that a lot of marine-derived com-
pounds can exert inhibitory effects on neovessel formation
in vitro, in vivo, and ex vivo. As shown in Table 1, they can
be categorized into different groups according to chemical
nature of the compounds (Fig. 1).

Alkaloids

Alkaloids, a group of naturally occurring chemical com-
pounds, are commonly produced by many different types of
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organisms including bacteria, fungi, plants, and animals. It is
well known that alkaloids exhibit a wide range of pharmaco-
logical activities such as anticancer, antibacterial, antiasthma,
antihyperglycemic, vasodilatory, and analgesic activities.
Fascaplysin, a bis-indole alkaloid of the marine sponge
Fascaplysinopsis bergquist, has been recognized as a potent
cyclin-dependent kinase-4 (CDK-4) inhibitor with IC50 at
350 nM (Bharate et al. 2012). Zheng et al. (2010)) demon-
strated that fascaplysin at the concentration of 1.3 μM could

induce apoptosis on human umbilical vein endothelial cells
(HUVECs) directly. This response was confirmed by detect-
ing caspase-3, Bax, Bcl-2, procaspase-8, and Bid activities
(Zheng et al. 2010). Moreover, microarray data further
showed that fascaplysin could modulate genes that are in-
volved in cell cycle arrest (Cdc7, E2f1), apoptosis (Bid), actin
cytoskeleton formation (Cdc42), and cell adhesion (Vcam1,
Pecam1) (Yan et al. 2011). For the neolamellarin, it is a me-
tabolite isolated from the marine spongeDendrilla nigra. This

Fig. 1 (continued)
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pyrrole-derived alkaloid has been shown to inhibit hypoxia-
inducible factor-1 (HIF-1) (Arafeh and Ullah 2009). Upon
treating with 7-hydroxyneolamellarin A (IC50 at 1.9 μM),
HIF-1 activation was inhibited and VEGF secreted level was
reduced in T47D cells human breast cancer cells (Liu et al.
2007). Bastadin-6 is a macrocyclic tetramer of a brominated
tyrosine derivative that extracted from Ianthella species. With
the IC50 set at 0.052 μM, it has been shown to suppress
VEGF- or bFGF-induced HUVEC proliferation in 20- to
100-fold when compared with normal fibroblasts or tumor
cells. Upon the drug treatment, apoptotic cell death was ob-
served. Moreover, it could suppress VEGF-induced tube for-
mation and migration of HUVECs at 0.1 and 1 μM, respec-
tively. In mice corneal assay, bastadin-6 inhibited VEGF- or
basic fibroblast growth factor (bFGF)-induced neovessel for-
mation completely (Aoki et al. 2006a; Kotoku et al. 2008a).
Another class of antiangiogenic alkaloid is extracted from
marine sponge Cortisium simplex, called cortiostatin, which
contains 12 types of cortiostatin (A–L) (Chen and Tseng
2010). Among them, cortiostatins A–D were well tested for
the angiosuppressive activity that they all could exhibit

growth inhibition on HUVECs with high selectivity. Among
them, cortiostatin A has been shown as the most potent one,
with IC50 at 0.0018 mM on HUVECs. When comparing with
normal fibroblasts or tumor cell lines such as Neuro2A, K562,
NHDF, and KB3-1, the selective index was found to over
3000-fold difference (Aoki et al. 2006a). It also suppressed
HUVECs chemotactic migration (0.2–2 μM) and tube forma-
tion (2–200 nM in a dose-dependent manner (Aoki et al.
2007a; Sato et al. 2008). Lastly, aeroplysinin-1, brominated
tyrosine metabolite extracted from marine sponge Aplysina
cavernicola , has been shown to exhibit effective
angiosuppressive ability (Córdoba et al. 2007). Rodríguez-
Nieto et al. (2002)) indicated that aeroplysinin-1 could inhibit
the proliferation of actively growing HUVECs and bovine
aortic endothelial cells (BAECs) in a dose-dependent manner.
In Matrigel tube formation assay, treatment with aeroplysinin-
1 at dose of 0.7 μM, BAEC alignment and cord formation
were completely inhibited, while HUVEC differentiation on
Matrigel was stopped at 3 μM. In Boyden chamber assay,
same concentration of aeroplysinin-1 could result in a 50 %
inhibition of BAEC invasion. Moreover, the addition of

Fig. 1 (continued)
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aeroplysinin-1 (6 and 15 nM) could cause severe disorganiza-
tion of the preexisting vessels and a complete suppression of
neovessel formation in the area covered by the methylcellu-
lose disks (Rodríguez-Nieto et al. 2002; González-Iriarte et al.
2003). Mechanistic study showed that this compound effec-
tively downregulated matrix metalloproteinase (MMP)-1,
MMP-2, urokinase, thrombospondin 1 (TSP-1), and mono-
cyte chemoattractant rotein-1 (MCP-1) production
(Rodríguez-Nieto et al. 2002; Martínez-Poveda et al. 2013a;
Martínez-Poveda et al. 2013b).

Polysaccharides

Polysaccharides refer to carbohydrate molecules link up in
polymer form with linear to highly branched structure.
Natural saccharides are heterogeneous, due to the diverse
in building blocks and their structural arrangement; they
have distinct properties and biological functions. For in-
stance, cellulose and chitin are used as structural and
supporting purpose, while starch and glycogen are used for
energy reservation. Fucoidan, extracted from brown algae or
seaweed (e.g., mozuku, kombu, bladderwrack, wakame, and
hijiki), has been found to modulate angiogenesis in a dipolar

manner. Even though it has been shown to inhibit HUVEC
tube formation and MMP-2 and MMP-9 secretions of pan-
creatic cancer cells at the concentration of 100–400 μg/ml,
proangiogenic effect has been demonstrated (Delma et al.
2015; Matsubara et al. 2005). From the in vitro and
ex vivo study, fucoidan has been shown to enhance
HUVEC migration, fibroblast growth factor-2 (FGF-2)-in-
duced vascular tube formation (Matou et al. 2002;
Matsubara et al. 2005). Moreover, fucoidan might also mod-
ulate the mobilization of endothelial progenitor cells and
their incorporation in ischemic tissues, in which it is be-
lieved as a critical step for angiogenesis (Boisson-Vidal
et al. 2007). Oligomannurarate sulfates JG3 and JG6 are
the novel semisynthesized marine-derived oligosaccharides
that exhibited inhibitory effects on lung metastasis in the
murine B16F10 experimental metastasis model, and MDA-
MB-435s orthotopic xenografts in athymic mice, whereas
their angiosuppressive effects have been shown in bioassays
and molecular studies (Wen et al. 2013; Zhang et al. 2010).
These oligosaccharides (10, 50, and 100 μg/ml) could sig-
nificantly suppress tube formation of endothelial cells in a
dose-dependent manner. In the ex vivo and in vivo studies,
endothelial sprouting of rat aortic ring and neovessel

Table 1 Common examples of angiosuppressive marine-derived compounds

Marine-derived compounds Compound nature Sources References

Fucoidans Polysaccharides Brown algae Matsubara et al. (2005); Matou et al. (2002)
Boisson-Vidal et al. (2007); Delma et al. (2015)

Oligomannurarate sulfate Semi-synthetic Ma et al. (2008); Zhao et al. (2006)

Fascaplysin Alkaloids Marine algae Bharate et al. (2012); Zheng et al. (2010); Yan et al. (2011)

Neolamellarins Marine sponge Liu et al. (2007)

Bastadin-6 Marine sponge Kotoku et al. (2008a); Aoki et al. (2006a)

Cortistatins Marine sponge Chen and Tseng (2010); Sato et al. (2008); Aoki et al. (2006a, 2007a)

Aeroplysinin-1 Marine sponge Martínez-Poveda (2013); 'Córdoba et al. (2007); González-Iriarte et al.
(2003); Rodríguez-Nieto et al. (2002)

Siphonaxantin Carotenoids Green algae Ganesan et al. (2010)

Fucoxanthinol Brown algae Sugawara et al. (2006)

Azumamides Peptides Marine sponge Nakao et al. (2008); Izzo et al. (2006)

Plitidepsin (Aplidin®) Synthetic Straight et al. (2006); Taraboletti et al. (2004); Plummer et al. (2013);
Barboza et al. (2012)

Streptopyrrolidine Amines Marine bacteria Shin et al. (2008)

Philinopsides A and E Saponins Sea cucumber Tian et al. (2007, 2005); Tong et al. (2005)

Dieckol Phenols Brown algae Li et al. (2015)

Pyripyropenes Terpenoids Marine fungus Hayashi et al. (2009)

Smenospongine Marine sponge Kong et al. (2011)

Globostellatic acid Marine sponge Kotoku et al. (2008b); Aoki et al. (2007a)

Organic extracts Others Green algae Kyadari et al. (2013)

Lysozyme Ye et al. (2008)

Spongistatin 1 Marine sponge Rothmeier et al. (2009)
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formation in chicken chorioallantoic membrane were
arrested as well. Enzymatic study showed that JG3 and
JG6 (2, 10, 50, and 100 μg/ml) are effective on the phos-
phorylation of protein tyrosine kinase (PTK) inhibition. In
addition, data indicated that HER2, EGFR, VEGFR,
PDGFR, c-Kit, FGFR1, and c-Src could be inhibited upon
the treatment of JG3 and JG6 (Ma et al. 2008). Zhao et al.
(2006) showed that JG3 could shut down heparanase-driven
HUVEC invasion and migration and suppress the secretion
of heparin sulfate-sequestered bFGF from extracellular ma-
trix (ECM) and lead to angiosuppression (Zhao et al. 2006).
Obviously, oligomannurarate sulfate is not only potent for
cancer therapy anticancer but also effect ive in
antiangiogenesis.

Carotenoids

They are a group of organic pigments which are commonly
found in the chloroplasts of plants and some photosynthetic
microorganisms such as bacteria and fungi. Obviously,
cartotenoids play an important role in plants and algae through
absorbing light energy for photosynthesis. They have vitamin
A activity that can be converted to retinal and are important in
protecting the macula of the retina. Siphonaxantin and
fucoxanthinol, both are carotenoid in nature, are extracted
from green (Codium fragile) and brown algae (edible seaweed
such as Undaria pinnatifida and Hijikia fusiformis), respec-
tively. The former (2.5, 10, and 25 μM) exhibits inhibition on
HUVECs proliferation and tube formation in a dose-
dependent manner (Ganesan et al. 2010). Ex vivo study also
indicated the reduction of microvessel outgrowth from rat aor-
tic fragments (Ganesan et al. 2010). Fucoxanthinol (10–
20 μM) presented similar effects in vitro and ex vivo. In ad-
dition, it could inhibit the differentiation of endothelial pro-
genitor cells into endothelial cells and lead to the neovessel
formation (Sugawara et al. 2006).

Peptides

This class of biological molecules appears normally in a
form of dipeptides and tripeptides, followed by polypep-
tides through linking up different numbers of amino
acid monomers. Azumamides A-E are a group of cyclic
tetrapeptide and depsipeptide, extracted from sponge
Mycale izuensis that have been shown to exert impres-
sive antiproliferative properties on cancers via inhibiting
histone deacetylase (HDAC) (Izzo et al. 2006; Nakao
et al. 2006). Among them, azumamides E is the most
powerful carboxylic acid containing natural histone
deacetylase (HDAC) inhibitor (Maulucci et al. 2007).
Nakao et al. (2008)) has evaluated the angiosuppressive
effect of various azumamides; similarly, azumamides E
(1.9 μM) was found to exert strong inhibition on in vitro

vascular organization model that using mouse pluripo-
tent stem (iPS) cells. Besides, Plitidepsin (also known
as Aplidin), is a cyclic depsipeptide isolated from the
Mediterranean tunicate Aplidium albicans. Currently,
this marine-derived antitumor agent is undergoing clini-
cal trial on multiple myeloma and lymphoma (Plummer
et al. 2013; Barboza et al. 2012). This antineoplastic
drug candidate has been found to inhibit angiogenesis
in various cancer models. In human leukemia cells
MOLT-4 and anaplastic thyroid cancer xenograft
models, aplidin (0.5–1 mg/kg/day) was found to sup-
press VEGF secretion, block VEGF-VEGFR-1 autocrine
loop, VEGF receptor (FLT-1), and MMP production,
respectively (Straight et al. 2006). Taraboletti et al.
(2004) demonstrated angiosuppressive activity of aplidin
in vitro and in vivo. In chick embryo allantoic mem-
brane (CAM) assay, aplidin (10 nM) attenuated sponta-
neous neovessels formation and angiogenesis elicited by
exogenous VEGF and FGF-2 and induced by VEGF
overexpressing 1A9 ovarian carcinoma cells. In cellular
study, aplidine (0.03–10 nM) suppressed VEGF and
FGF-2-induced endothelial cell proliferation, migration,
invasion, and tube formation significantly. Moreover, it
inhibited the production of MMP-2 and MMP-9 by en-
dothelial cells at the range of 1.25 to 20 nM)
(Taraboletti et al. 2004).

Amines

Amines, derivatives of ammonia, are naturally found organic
compounds; their functional groups usually contain a basic
nitrogen atom, and the common examples are amino acids.
Streptopyrrolidine, a benzyl pyrrolidine derivative, was
isolated from the fermentation broth of a marine
Streptomyces presented in the deep sea sediment. Shin et al.
(2008) showed that streptopyrrolidine could significantly sup-
press capillary tube formation of HUVECs without exerting
any cytotoxicity. Moreover, it was found that its potency is
compactable as well-known angiogenic inhibitor SU11248
(Shin et al. 2008).

Saponins

This group of amphipathic glycosides commonly carries one
or more hydrophilic glycoside moieties and linked with a li-
pophilic triterpene derivative. They were believed to be found
in different plant species with particular abundance; indeed
they are also extracted from marine organism. Among differ-
ent types of saponin, ginsenosides are the most well-known
and studied one. They are abundant in Panax ginseng and
have been claimed as its pharmacological active ingredient.
Of course, angiomodulatory effect is one of the research focus,
in which Yue’s group has demonstrated the proangiogeic and
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angiosupressive effects of different protopanaxatriol and
protopanaxadiol (Chan et al. 2009, 2013; Kwok et al. 2012;
Yue et al. 2005, 2006, 2007; Fan et al. 2006). Previously, two
novel philinopsides, A and E, that were isolated from the sea
cucumber Pentacta quadrangularis, have been shown to exert
dual antiangiogenic and antitumor activities in vitro and
in vivo. Tong et al. (2005) demonstrated that philinopside A
could effectively suppress the proliferation (IC50 at 1.4 μM),
migration (IC50 at 0.89 μM), and tube formation (IC50 at
0.98 μM) of human microvascular endothelial cells
(HMECs) in a dose-dependent manner. In rat aortic sprouting
assay and CAM assay, it inhibited the neovessel formation in
the concentrations of 2, 5, and 10 μM significantly. Western
blotting analysis data showed that the angiosuppressive effect
of philinopside A would be acted through suppressing the
angiogenesis-related receptor tyrosine kinases (RTKs) includ-
ing epithelial growth factor receptor, fibroblast growth factor
receptor-1, PDGF receptor-beta, and VEGF receptor activa-
tions (Tong et al. 2005). For the philinopside E, it has been
shown to inhibit cell migration, cell adhesion, and tube
formation of both HMECs and HUVECs in the similar
dose range. At the dose range of 1.25 to 5 μM, it could
also inhibit the KDR phosphorylation and downstream
signaling by interacting with KDR extracellular domain
specifically to block its interaction with VEGF and the
downstream signaling. Tian et al. (2005) and Tian et al.
(2007) further demonstrated that philinopside E could inhibit
alpha(v)beta(3) integrin-driven downstream signaling and re-
sulted in the disruption of the actin cytoskeleton organiza-
tion and decreased cell adhesion to vitronectin in HMECs
(Tian et al. 2005; 2007).

Terpenoids

Terpenoids are the largest group of natural compounds
found in living things. They are diverse structural differ-
ence that not only found in functional groups but also in
their basic carbon skeletons. They are widely found in
plant species; common examples are camphor and
salvinorin A in the Salvia divinorum, and ginkgolide in
Ginkgo biloba. They form cyclic structures such as ste-
roids and sterols and play a role in traditional herbal rem-
edies for many pharmaceutical functions including antibac-
terial and antineoplastic. Tomoda’s group isolated
pyripyropenes A–R from fermentation broth of
Aspergillus fumigatus since 1993 (Kim et al. 1994;
Tomoda et al. 1995, 1996). It has been shown that
pyripyropenes A, B, and D could exhibit antiproliferative
effect against HUVECs with IC50 of range of 0.1–1.8 μM.
Among them, pyripyropenes A could significantly sup-
press VEGF-induced migration and tube formation of
HUVECs (Hayashi et al. 2009). For the smenospongine,
a sesquiterpene aminoquinone that extracted from marine

sponge Dactylospongia elegans; it has been shown to sup-
press HUVECs proliferation (0.1–50 μM), migration, and
tubulogenesis (0.5–2.5 μM) in a dose-dependent manner
(Kong et al. 2011). Moreover, isomalabaricane triterpenes
and their derivatives, globostellatic acids (GA) (A-D) and
13Z,17Z-, 13Z,17E-, 13E,17Z-, and 13E,17E-globostellatic
acids X methyl esters were isolated from marine sponge
Stelletta globostellata and Rhabdastrella globostellata, re-
spect ive ly. They have been shown to exhibi t
angiosuppressive effect on different in vitro models
(Aoki et al. 2007a). Data showed that 13E,17E-
globostellatic acids X methyl ester could suppress angio-
genesis more significantly, in which it suppressed HUVEC
proliferation in 80- to 250-fold selectively in comparing
with KB3-1, K562, and Neuro2A cells. Moreover, in
Matrigel tube formation assay and chemotaxical chamber
model, it (0.03–0.1 μM) could inhibit the in vitro
tubulogenesis and VEGF-induced cell migration in a
dose-dependent manner (Aoki et al. 2007a; Kotoku et al.
2008a).

Hydroxyl group compounds

Phenolic compounds are refer to a class of organic chemical
compounds which consist of a hydroxyl group (–OH) bonded
to an aromatic hydrocarbon group directly. Most of these phe-
nolic compounds appear in nature, for instant, gallic acid from
galls and cannabinoids from cannabis, while synthetic phenolic
compounds are bisphenol A and butylated hydroxytoluene
(BHT). In general, phenolic compounds have strong antibacte-
rial and antiseptic activities and act as nerve stimulants and
immunostimulants. Dieckol, isolated from Ecklonia cava or
Ecklonia stolonifera, has been shown to exert potent antiprolif-
erative and angiosuppressive effects. It could inhibit VEGF-
induced EA.hy926 human endothelial cell proliferation and
migration through suppressing MMP-2 and MMP-9 genes
and proteins expression. Moreover, data further showed that
dieckol-induced angiosuppression could be mediated by
inhibiting mitogen-activated protein kinase (MAPK) signaling
pathway molecules including ERK and p38 (Li et al. 2015).

Others

Apart from the purified compounds, algae extract and marine
lysozyme have also been suggested as angiosuppressive
agents. Lysozyme, also known as 1,4-β-N-acetylmurmidase,
has been recognized as a powerful antibacterial agent. Marine-
derived lysozyme is a new class biological active material
extracted from marine invertebrates (Nilsen et al. 1999;
Nilsen and Myrnes 2001). Unexpectedly, these lysozymes
showed special activity when comparing with vertebrate-
derived one. Previously, Ye et al. (2008) showed that
marine-derived lysosome suppress ECV304 endothelial cells
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proliferation in a dose-dependent manner. In vivo CAM assay
results further showed that lysozyme could suppress neovessel
formation that created an avascular zone (Ye et al. 2008). On
the other hand, organic extracts from plants have been found
to contain a lot of biologically active ingredients. Recently,
algal extract from Chlorella pyrenoidosa has been shown to
exhibit antiangiogenic activity, in which these extracts could
suppress neovascularization in in ovo CAM assay and in vivo
corneal model (Kyadari et al. 2013). The last reported
angiosuppressive drug candidate is spongistatin 1 which is a
cyclic lactone extracted from marine sponge Spongia sp.
Rothmeier et al. (2009) showed that it would be potent in
inhibiting angiogenesis in vitro and in vivo. Spongistatin 1
could induce IC50 of cytotoxicity and growth on HUVECs
50 nM and 100 pM, respectively. For the in vitro cell mi-
gration, tubulogenesis, and chemotaxis of HUVECs, the
IC50 were found at the concentrations of 1 nM. In mouse
corneal micropocket assay and aortic ring assay, spongistatin
1 suppressed the neovessel formation and endothelial
sprouting for 50 % at 10 μg/kg and 500 pM, respectively
(Rothmeier et al. 2009).

Concluding remarks

This review summarizes some representative marine-derived
angiosuppressive agents. These natural compounds and their
derivatives are isolated from marine flora including algae and
seaweed and fauna such as sponges and sea cucumber. Apart
from the valuable nutritional values, in recent decades, dozens
of these marine-derived compounds have been shown to ex-
hibit promising angiosuppressive activity and could be acted
as drug candidates. With the increasing exploration of marine
resources, it is expected that more new angiosuppressive com-
pounds will be searched and subsequently developed as the
potent angiosuppressive drugs for clinical use.
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