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Nobiletin is a citrus polymethoxyflavonoid that suppresses tumor
growth and metastasis, both of which depend on angiogenesis.
We recently identified nobiletin as a cell differentiation modulator.
Because cell differentiation is a critical event in angiogenesis, it
might be possible that nobiletin could exhibit antiangiogenic
activity, resulting in suppression of these tumor malignant proper-
ties. To verify this possibility, we examined the antiangiogenic
effects of nobiletin in vitro and in vivo. Nobiletin had concentra-
tion-dependent inhibitory effects on multiple functions of angio-
genesis-related endothelial cells (EC); it suppressed the
proliferation, migration and tube formation on matrigel of human
umbilical vein EC (HUVEC) stimulated with endothelial cell growth
supplement (ECGS), a mixture of acidic and basic fibroblast growth
factors (FGFs). Gelatin zymography and northern blotting revealed
that nobiletin suppressed pro-matrix metalloproteinase-2 (proM-
MP-2) production and MMP-2 mRNA expression in ECGS-stimu-
lated HUVEC. Nobiletin also downregulated cell-associated
plasminogen activator (PA) activity and urokinase-type PA mRNA
expression. Furthermore, nobiletin inhibited angiogenic differenti-
ation induced by vascular endothelial growth factor and FGF, an
in vitro angiogenesis model. This inhibition was accompanied by
downregulation of angiogenesis-related signaling molecules, such
as extracellular signal-regulated kinase 1/2 and c-Jun N-terminal
kinase, and transcriptional factors (c-Jun and signal transducer and
activator of transcription 3), and activation of the caspase path-
way. In a chick embryo chorioallantoic membrane assay, nobiletin
showed an antiangiogenic activity, the ID50 value being 10 lg
(24.9 nmol) per egg. These results indicate that nobiletin is a novel
antiangiogenic compound that exhibits its activity through com-
bined inhibition of multiple angiogenic EC functions. (Cancer Sci
2010; 101: 2462–2469)

A ngiogenesis is a key factor for tumor development and
metastasis that are major causes of difficulty in cancer

treatment.(1,2) The angiogenesis process includes the dediffer-
entiation of differentiated and quiescent endothelial cells (EC)
into undifferentiated and angiogenic ones, which in turn
degrade the extracellular matrix (ECM) via production of
ECM-degrading enzymes such as matrix metalloproteinases
(MMP) and urokinase-type plasminogen activator (uPA),
migrate, proliferate and eventually redifferentiate to form new
capillary vessels.(3–5) Furthermore, endothelial progenitor cells,
which are derived from bone marrow, have been found to dif-
ferentiate and incorporate into sites of neovessels.(6) These
facts imply that a cell differentiation (or dedifferentiation)
would represent an important target for inhibition of angio-
genesis, and led us to speculate that a cell differentiation-
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modulating activity could be a useful indicator for searching a
new inhibitor of angiogenesis. A study along this line has
yielded interesting findings. Namely, chemicals with cell dif-
ferentiation-modulating activity that we previously examined
all exhibited an antiangiogenic activity. They include reti-
noids, vitamin D3 derivatives and radicicol.(7,8)

Nobiletin is a flavonoid found in citrus fruits such as Citrus
depressa and Citrus reticulate.(9) It suppresses carcinogenesis,
tumor growth and metastasis in vivo.(10–13) These tumor malig-
nant properties are well known to be highly dependent on angio-
genesis. Recently, we and another group revealed that nobiletin
exhibited a cell differentiation-modulating activity.(14,15) Over-
all, these findings indicate the possibility that nobiletin could
interfere with these angiogenesis-dependent malignant proper-
ties of tumors through inhibition of angiogenesis. However,
there is no report on the antiangiogenic property of nobiletin, to
the best of our knowledge.

We here examined whether or not nobiletin interfered with
in vitro and in vivo angiogenesis models.

Materials and Methods

Materials. Nobiletin was kindly donated by Dr Masamichi
Yano (National Institute of Fruit Tree Science, Shizuoka,
Japan).(16) Ethylene-vinyl acetate copolymer 40 (EV40) pellets
were kindly donated by Mitsui-DuPont Polychemicals (Tokyo,
Japan). Fetal bovine serum (FBS) was purchased from More-
gate (Melbourne, Australia), plasminogen for chromogenic sub-
strate assay form Roche Applied Science (Hague Lord, IN,
USA), matrigel from Becton, Dickinson and Company (Frank-
lin Lakes, NJ, USA), Atelocollagen bovine dermis (type I colla-
gen) from Koken (Tokyo, Japan), human recombinant vascular
endothelial growth factor (VEGF) from Humanzyme (Chicago,
IL, USA) and human recombinant basic fibroblast growth factor
(bFGF) from WAKO (Osaka, Japan). Plasminogen for PA
zymography and H-D-Val-L-Leu-L-Lys-p-nitroanilide (S-
2251), a chromogenic substrate for plasmin, were obtained
from Chromogenix (Molndal, Sweden). Endothelial cell growth
supplement (ECGS) and anti-phospho-c-Jun (S73) antibody
were purchased from Millipore (Billerica, MA, USA). Anti-c-
Jun N-terminal kinase (JNK) and anti-glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) antibodies were obtained from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). All other
primary and secondary antibodies were purchased from Cell
Signaling Technology (Beverly, MA, USA). Unless otherwise
stated, all other chemicals were purchased from Sigma (St
Louis, MO, USA).
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Fig. 1. Nobiletin inhibited endothelial cell (EC) proliferation. After a
72-h culture in the presence of various concentrations of nobiletin,
cell numbers of (A) human umbilical vein EC and (B) human dermal
microvascular EC were determined with a Coulter counter. Values are
expressed as means ± SE (n = 3). *P < 0.05, **P < 0.01, as compared
with the control.
Cell culture. Human umbilical vein EC (HUVEC) and human
dermal microvascular EC (HDMEC) were obtained from Cell
Systems (Kirkland, WA, USA) and cultured in growth medium
(MCDB-131 medium supplemented with 10% FBS, 10 ng ⁄ mL
epidermal growth factor, 10 lg ⁄ mL heparin, 10 lg ⁄ mL ECGS
and 1% [v ⁄ v] penicillin ⁄ streptomycin mixture [Gibco, Grand
Island, NY, USA]).

Cell proliferation assay. The HUVEC or HDMEC (5 · 103

cells ⁄ cm2) were seeded onto 24-multiwell plates and allowed to
adhere for 4 h. The cells were treated with growth medium con-
taining vehicle (0.1% dimethyl sulfoxide [DMSO]) or the indi-
cated concentrations of nobiletin for 72 h. Cell numbers were
measured with a Coulter Counter Z1 (Coulter Japan, Tokyo,
Japan).

Gelatin zymography. The HUVEC were treated with vehicle
or nobiletin in serum-free growth medium for 18 h. The protein
content of the supernatants was determined by Protein assay
(Bio-Rad, Hercules, CA, USA). Aliquots of the supernatants
corresponding to the same protein content were electrophoresed
under a nonreducing condition. After rinsing the gel, it was incu-
bated in a reaction buffer (100 mM Tris-HCl [pH 7.5], 200 mM
NaCl, 5 mM CaCl2 and 1 lM ZnCl2) at 37�C for 24 h. The
visualization of proteolysis by MMP was performed by staining
with 0.25% (w ⁄ v) Coomassie Brilliant Blue R-250 in 10% ace-
tic acid and 45% methanol. The intensity of bands was deter-
mined with a Leica Q500MC image analyzer equipped with
QWin image analysis software (Cambridge, UK).

Northern blotting. Northern blotting was performed as
described previously.(17) Briefly, HUVEC were treated with vehi-
cle or nobiletin in serum-free growth medium containing 0.1%
bovine serum albumin (BSA) for 18 h. Total RNA was extracted
using Isogen reagent (Nippon Gene, Toyama, Japan). Ten micro-
gram of total RNA was separated on a 1% formaldehyde agarose
gel and then transferred to a Biodyne B membrane (Pall Corpora-
tion, NY, USA). cDNA probes for uPA (gene accession number:
NM_002658, 615–1088 bp) and MMP-2 (gene accession num-
ber: NM_004530, 1828–2105 bp) were prepared from genomic
DNA. The radioactive band was detected and analyzed by an
image analyzer (Fuji Photo Film, Tokyo, Japan).

Chromogenic substrate assay for PA. Cell-associated PA
activity was determined as described previously.(18) Briefly, HU-
VEC or HDMEC were treated with vehicle, nobiletin or med-
roxyprogesterone acetate (MPA) in serum-free growth medium
containing 0.1% BSA for 18 h. The PA activity in the cell
lysates was determined using plasminogen and S-2251, and
expressed as milliunits (mU) ⁄ lg protein. The protein content
was determined by DC protein assay (Bio-Rad).

Plasminogen activator zymography. The PA zymography was
performed as described previously.(19) Briefly, the cell lysates
used in a chromogenic substrate assay were adjusted to corre-
spond to the same protein content. Aliquots of the adjusted cell
lysates were electrophoresed under nonreducing conditions.
After rinsing the gel, it was overlaid on substrate gels containing
0.1 CU ⁄ mL plasminogen and 1% skim milk powder as a source
of casein. After a 16-h incubation at 37�C to allow proteolysis,
the substrate gels were stained with 0.1% (w ⁄ v) Amide Black
10B in 10% acetic acid and 10% methanol. The intensity of the
bands was determined as described in the gelatin zymography.

Cell migration assay. The EC migration was determined with
a wound healing migration assay as described previously.(19)

Briefly, confluent HUVEC or HDMEC were pretreated with
vehicle or nobiletin for 2 h and then scratched with a razor blade
to produce acellular areas. The cells were allowed to migrate
toward the acellular areas for 18 h in serum-free growth medium
containing 0.1% BSA with vehicle or nobiletin. After Giemsa-
staining, the migrated cells across the wound edge were deter-
mined with an NIH image program (National Institutes of
Health, Bethesda, MD, USA).
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In vitro angiogenesis model. Angiogenic differentiation, an
in vitro angiogenesis model, was performed as described previ-
ously with slight modifications.(20) Briefly, HUVEC (9.0 · 104

cells ⁄ cm2) were seeded between two layers of collagen gel
(0.21% type I collagen) and incubated in the medium containing
1% FBS, 10 ng ⁄ mL VEGF, 10 ng ⁄ mL bFGF and 25 lg ⁄ mL
ascorbic acid with vehicle or nobiletin for 24 h. For quantifica-
tion, the cells were stained with 0.1% toluidine blue in 30%
methanol. Tube area (area ratio of the formed tubes per pictured
field) was quantified using the NIH Image program.

For the preparation of western blotting samples, HUVEC
were suspended at 4.2 · 105 cells per 48-well plate in 140 lL of
collagen gel and allowed to induce a 3-D tube formation. The
cells were incubated with the medium containing 1% FBS,
30 ng ⁄ mL VEGF, 30 ng ⁄ mL bFGF and 25 lg ⁄ mL ascorbic acid
with vehicle or nobiletin for up to 12 h.

Western blotting. Western blotting was conducted as previ-
ously described.(21) Signal intensities were quantified using the
NIH Image program.

Tube formation on matrigel. Tube formation on matrigel was
conducted as described previously.(19) Briefly, HUVEC or
HDMEC were pretreated with nobiletin for 24 h and then plated
onto matrigel at 5.0 · 104 cells ⁄ cm2 in growth medium contain-
ing 1% FBS with vehicle or nobiletin. After a 16-h incubation,
the total length of the formed tubular structures in nine ran-
domly chosen microscopic fields per well was determined with
a Leica Q500MC image analyzer.

Chorioallantoic membrane (CAM) assay. A CAM assay was
performed as described previously.(22) Briefly, the 5-day-old
CAM were treated with EV40 pellets alone or in combination
with various doses of nobiletin and incubated at 37�C for
2 days. An appropriate volume of 20% fat emulsion was
injected into the chorioallantois to further visualize the vascular
network. The antiangiogenic response was assessed as positive
Cancer Sci | November 2010 | vol. 101 | no. 11 | 2463
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when the avascular zone in a treated CAM was 3 mm or more in
diameter.

Statistical analysis. The values in in vitro experiments were
expressed as means ± SE. Differences were ascertained by an
analysis of variance (ANOVA). Multiple comparisons among treat-
ments were checked with Dunnett’s test (*P < 0.05,
**P < 0.01). Data on the CAM assay were analyzed by Fisher’s
exact probability test (*P < 0.05, **P < 0.01).

Results

Inhibitory effect of nobiletin on proliferation. The effects of
nobiletin on proliferation of HUVEC and HDMEC in response
to ECGS that is composed mainly of acidic and basic FGFs were
determined by counting the cell number after vehicle or nobile-
tin treatment for 72 h. Nobiletin treatment resulted in a concen-
tration-dependent decrease in the proliferation of both EC
(Fig. 1). The IC50 values were 26 and 24 lM for HUVEC and
HDMEC, respectively.

Suppression of proMMP-2 production and MMP-2 expression
in EC by nobiletin. Production of MMP-2 and MMP-9 by HU-
VEC in the presence or absence of nobiletin was determined
with gelatin zymography. It caused a concentration-dependent
decrease in proMMP-2 production, the IC50 being 52 lM
(A)

(B)

Fig. 2. Nobiletin reduced proMMP-2 levels via downregulation of
MMP-2 mRNA expression in human umbilical vein endothelial cells.
(A) The cells were treated with indicated concentrations of nobiletin
for 18 h. Gelatinase activity in the conditioned medium was analyzed
using a gelatin zymography. The conditioned medium of HT-1080 cells
was used as a marker for MMP-2 and MMP-9. (B) MMP-2 and GAPDH
mRNA expressions were analyzed by northern blotting. The ratio of
MMP-2 to GAPDH was calculated after each radioactive band was
quantified. All values are expressed as means ± SE (n = 3). *P < 0.05,
**P < 0.01, as compared with the control.

2464
(Fig. 2A). The bands corresponding to proMMP-9 and active-
MMP-2 were undetectable in culture medium of HUVEC in our
experimental condition. Northern blotting showed that nobiletin
(C)

Fig. 3. Nobiletin suppressed cell-associated plasminogen activator
(PA) activity via downregulation of uPA mRNA expression in human
umbilical vein endothelial cells. (A) The cells were treated with
vehicle, nobiletin or medroxyprogesterone acetate (MPA) for 18 h.
Cell-associated PA activity was determined using plasminogen and S-
2251, a chromogenic substrate for plasmin. (B) The PA levels in cell
lysates were analyzed using a PA zymography. Human urokinase
(hUK) and tPA proteins were loaded as molecular markers. (C) uPA
and GAPDH expressions were analyzed by northern blotting. Ratio of
uPA to GAPDH was calculated after each radioactive band was
quantified. All values are expressed as means ± SE (n = 3). *P < 0.05,
**P < 0.01, as compared with the control.

doi: 10.1111/j.1349-7006.2010.01668.x
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(A)
suppressed MMP-2 expression in a concentration-dependent
manner and its expression was decreased to 56% (% of control)
at 128 lM (Fig. 2B).

Suppression of PA activity and uPA expression in EC by
nobiletin. Secreted PA associates with a cell-surface PA recep-
tor. The cell-associated PA contributes to perivascular proteoly-
sis by cleaving plasminogen into plasmin. The effect of
nobiletin on cell-associated PA activity was assessed by a chro-
mogenic substrate assay, where MPA, an antiangiogenic com-
pound, was used as a positive control.(18) Nobiletin inhibited
cell-associated PA activity in HUVEC in a concentration-depen-
dent manner (Fig. 3A). Such an inhibitory effect was also
observed in HDMEC (data not shown). The IC50 values were 46
and 27 lM for HUVEC and HDMEC, respectively. Consistent
with the inhibitory effects on PA activity, nobiletin reduced the
uPA protein level in HUVEC (Fig. 3B) in a PA zymography.
The IC50 values were 60 and 44 lM for HUVEC and HDMEC,
respectively. On the other hand, the band corresponding to tis-
sue-type PA (tPA) was undetectable, indicating that the PA
activity in our experimental condition was mainly due to uPA,
but not tPA. Furthermore, northern blotting revealed that nobile-
tin suppressed uPA expression and its expression decreased by
49% at 128 lM (Fig. 3C).

Inhibitory effect of nobiletin on EC migration. The effect of
nobiletin on EC migration was tested using a wound healing
migration assay. Nobiletin markedly inhibited the migration of
(A)

(B) (C)

Fig. 4. Nobiletin suppressed endothelial cell (EC) migration. (A)
Human umbilical vein EC (HUVEC) were pretreated with nobiletin for
2 h and then allowed to migrate for 18 h. Representative images are
shown. Arrows indicate a wound edge. (B,C) The migrated cell
numbers across the wound edge in (B) HUVEC and (C) human dermal
microvascular EC were counted. Values are expressed as means ± SE
(n = 3). *P < 0.05, **P < 0.01, as compared with the control.
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HUVEC (Fig. 4A). The inhibition was in a concentration-depen-
dent manner and the IC50 values were 33 and 31 lM for HU-
VEC and HDMEC, respectively (Fig. 4B,C).

Effect of nobiletin on both VEGF- and bFGF-induced
angiogenic differentiation and the signaling pathway. The
effect of nobiletin on angiogenic differentiation, an in vitro
angiogenesis model, was tested. The angiogenic morphological
change of HUVEC induced by VEGF and bFGF was signifi-
cantly suppressed by nobiletin (Fig. 5). Western blotting showed
that treatment with both VEGF and bFGF resulted in enhanced
phosphorylation of extracellular signal-regulated kinase 1 ⁄ 2
(ERK1 ⁄ 2) and JNK (p46) in tube-forming HUVEC (Fig. 6A,B).
This phosphorylation was significantly attenuated by nobiletin.
These two angiogenic stimuli also elicited phosphorylation of c-
Jun, a component of AP-1, and signal transducer and activator
of transcription 3 (STAT3), both of which are angiogenesis-
related key transcriptional factors (Fig. 6C,D). Nobiletin
completely suppressed both VEGF- and bFGF-induced phos-
phorylation of these transcriptional factors. Furthermore, nobile-
tin induced activation of caspase-3 and cleavage of poly
(B)

Fig. 5. Nobiletin inhibited both vascular endothelial growth factor
(VEGF)- and basic fibroblast growth factor (bFGF)-induced angiogenic
differentiation. (A) Human umbilical vein endothelial cells were
cultured between the two layers of collagen gel with vehicle or
nobiletin in the presence or absence of VEGF and bFGF for 24 h.
Representative images are shown. (B) The formed tube area per field
was determined. Values are expressed as means ± SE (n = 3).
*P < 0.05, **P < 0.01, as compared with the control.

Cancer Sci | November 2010 | vol. 101 | no. 11 | 2465
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Fig. 6. Nobiletin attenuated the phosphorylation of both vascular endothelial growth factor (VEGF)- and basic fibroblast growth factor (bFGF)-
induced signaling and transcriptional molecules, and evoked activation of the caspase pathway in tube-forming human umbilical vein
endothelial cells (HUVEC). The tube-forming HUVEC were treated with vehicle or nobiletin in the presence or absence of VEGF and bFGF for 2 h
(A-D) or 12 h (E). Representative images are shown. Values are expressed as means ± SE (n = 3). NA, no angiogenic factor; Con, control; N,
nobiletin. *P < 0.05, **P < 0.01, as compared with the control.
ADP-ribose polymerase (PARP), a substrate of caspase, both of
which are molecular markers of apoptosis (Fig. 6E).

Nobiletin also caused a concentration-dependent inhibition of
tube formation on matrigel by HUVEC and HDMEC. The IC50

values were 70 and 58 lM for HUVEC and HDMEC, respec-
tively (Fig. 7).

Inhibitory effect of nobiletin on angiogenesis in vivo on a
chick embryo CAM. The amount of nobiletin available was lim-
ited. Therefore, to determine whether nobiletin exhibits antian-
giogenic activity in vivo, a chick embryo CAM assay was
performed, because it required a considerably smaller amount of
test sample than other in vivo angiogenesis assays, such as a dor-
sal air sac test. In a control egg, the formation of vascular net-
works on a CAM was observed, whereas such vascular
formation was potently inhibited by nobiletin treatment (100 lg
per egg) (Fig. 8A). This inhibition was dose-dependent and the
ID50 value was 10 lg (24.9 nmol) per egg (Fig. 8B).

Discussion

In the present study, we demonstrated that nobiletin suppressed
multiple angiogenic EC functions, probably resulting in the inhi-
bition of in vitro and in vivo angiogenesis models. This suppres-
sion involved downregulation of signaling pathway(s) and
transcriptional factors induced by VEGF and bFGF.

Chemotherapeutic agents easily access cancer cells in culture
dishes in vitro, but it appears to be harder to reach cancer cells in
solid tumors in vivo because there are some barriers to drug deliv-
ery, including abnormally high pressure seen in the tumor intersti-
tium.(23) By contrast, vascular EC are likely to more easily
receive drugs for cancer treatment, compared with cancer cells
in vivo. Thus, it was important to determine whether nobiletin
2466
modulated EC proliferation and apoptosis, although it was
reported to exhibit anti-proliferative and proapoptotic actions
against various tumor cells.(24–27) The present study revealed that
nobiletin inhibited ECGS-stimulated EC proliferation and
activated caspase pathway in both VEGF- and bFGF-induced
tube-forming EC. We and others have previously shown that
ERK1 ⁄ 2 inactivation in EC caused suppression of EC prolifera-
tion and induction of caspase-dependent apoptosis.(20,21,28,29)

Overall, it might be reasonable to assume that nobiletin exerted
such effects on angiogenic EC, at least in part, via suppression of
angiogenic stimuli-induced ERK1 ⁄ 2 activation.

Perivascular ECM degradation by MMP like MMP-2 is an
essential process for the following angiogenesis responses such
as proliferation, migration and tube formation. Deletion of
MMP-2 in mice and treatment of CAM with PEX, a natural
inhibitor of MMP-2 activity, caused a dramatic impairment of
pathological and physiological angiogenesis in vivo.(30,31) The
present study showed that nobiletin downregulated MMP-2
expression and inhibited CAM angiogenesis. Therefore, it might
be possible that its downregulation was involved in its downre-
gulation of CAM angiogenesis.

We also showed in the present study that nobiletin suppressed
cell-associated PA activity, at least in part, via inhibition of uPA
expression. This result is consistent with our and other previous
findings that antiangiogenic properties of cell differentiation
modulators, including radicicol and peroxisome proliferator-
activated receptor c ligands, might be partly due to a decrease in
PA activity and ⁄ or the uPA level.(32,33) However, it remains
unclear whether nobiletin affected production of other angiogen-
esis-related MMP, such as MMP-9 and membrane-type 1 MMP,
and levels of inhibitors of MMP and PA in EC. Thus, further
studies on these points are needed.
doi: 10.1111/j.1349-7006.2010.01668.x
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Fig. 7. Nobiletin prevented tube formation of endothelial cells (EC)
on matrigel. (A) Human umbilical vein EC (HUVEC) were pretreated
with nobiletin for 24 h. The cells seeded onto matrigel and were
induced to form tube-like structures in the presence of nobiletin for
16 h. Representative images are shown. (B,C) The total length of
tube-like structures per field in (B) HUVEC and (C) human dermal
microvascular EC was determined. Values are expressed as means ± SE
(n = 3). *P < 0.05, **P < 0.01, as compared with the control.

(A)

(B)

Fig. 8. Nobiletin inhibited angiogenesis in vivo on a chick embryo
chorioallantoic membrane (CAM). (A) The CAM were treated with an
empty EV40 pellet alone (i.e. control) or a nobiletin-containing EV40
pellet (100 lg ⁄ egg) for 2 days. Representative images are shown.
Arrows indicate an avascular zone. (B) The points indicate the
frequencies (%) of avascular zones showing an antiangiogenic
response. The values in parentheses are the number of CAM
examined. *P < 0.05; **P < 0.01 compared with the value for control
CAM (n = 33), which did not show any avascular zone.
Both VEGF and bFGF trigger angiogenic responses via
activation of a diverse signaling pathway, including mitogen-
activated protein kinases such as ERK1 ⁄ 2 and JNK, and their
downstream transcriptional factors such as AP-1 and
STAT.(34–37) ERK1 ⁄ 2 is known to upregulate the transcriptional
activity of AP-1 and Sp1,(38,39) both of which are critical players
of MMP-2 and uPA expression.(40–42) JNK also elevates the
transcriptional activity of AP-1 via phosphorylation of its com-
ponent c-Jun.(43) Thus, the inactivation of ERK1 ⁄ 2, JNK and c-
Jun by nobiletin observed in our present in vitro angiogenesis
model might be responsible for its downregulation of MMP-2
and uPA expression. In this regard, nobiletin was found to act as
an inhibitor of MEK, an upstream kinase of ERK1 ⁄ 2, in
HT-1080 cells, and to suppress AP-1 and Sp1 activation in 12-
O-tetradecanoylphorbol 13-acetate-stimulated HT-1080 cells
and lipopolysaccharide-stimulated THP-1 monocytic cells.(44–46)

Both VEGF and bFGF are known to phosphorylate
STAT3.(38,47,48) The phosporylation by VEGF was involved in
EC migration and tube formation on collagen gel induced by the
angiogenic factor.(48) The present study revealed that nobiletin
suppressed phosphorylation of STAT3 in VEGF- and bFGF-
stimulated tube-forming HUVEC. So it was plausible to con-
sider that this suppression by nobiletin might contribute to its
blockage of EC migration and tube formation. Alternatively,
inhibitory effects on EC migration and tube formation by nobile-
tin seemed to be due to a decreased uPA level by the agent,
Kunimasa et al.
because there are some reports showing the contribution of uPA
to EC migration and tube formation via its proteolytic activity-
dependent and -independent pathways.(49–51)

We previously found that a variety of seemingly unrelated
substances have antiangiogenic effects in vivo using a CAM
assay, which involves all of EC functions related to angiogenesis
in vivo.(22,32,52–58) In the present study, topical application of
nobiletin resulted in the suppression of embryonic angiogenesis,
indicating that nobiletin has the ability to inhibit angiogenesis
in vivo. One might ask the involvement of anti-inflammatory
activity of nobiletin in its suppression of CAM angiogenesis,
because inflammation is one of several major inducing factors of
angiogenesis in vivo and nobiletin is known to possess anti-
inflammatory activity.(10,59,60) However, the possibility is highly
unlikely, since a CAM assay provides a macrophage-free envi-
ronment until day 8.(61) Thus, it is reasonable to assume that nobi-
letin suppress CAM angiogenesis via its direct antiangiogenic
properties. The present study did not examine the effect of nobile-
tin on tumor-triggered angiogenesis, due to the limited amount of
agent available. Thus, further study on this point is needed.

In conclusion, we here demonstrated that nobiletin suppressed
a series of angiogenic EC functions and embryonic angiogenesis
in vivo. Our findings provide new insight that nobiletin might be
a useful antiangiogenic compound for the prevention and treat-
ment of cancer and other angiogenesis-related disorders.
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