
Acyclic retinoid inhibits angiogenesis by suppressing the
MAPK pathway
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Acyclic retinoid (ACR) is currently under clinical trial as an agent to suppress the recurrence of hepatocellular carcinoma
(HCC) through its ability to induce apoptosis in premature HCC cells. ACR has an anticancer effect in vivo as well, although
it shows weak apoptosis-inducing activity against mature HCC cells, suggesting the existence of an additional action
mechanism. In this study, we investigated the antiangiogenic activity of ACR. ACR inhibited angiogenesis within
chicken chorioallantoic membrane (CAM) in as similar a manner as all-trans retinoic acid (atRA). Although suppression of
angiogenesis by atRA was partially rescued by the simultaneous addition of angiopoietin-1, suppression of angiogenesis
by ACR was not rescued under the same condition at all. Conversely, although suppression of angiogenesis by ACR was
partially inverted by the simultaneous addition of vascular endothelial growth factor (VEGF), suppression of angiogenesis
by atRA was not affected under the same condition. These results suggested that mechanisms underlying the
suppression of angiogenesis by ACR and atRA were different. ACR selectively inhibited the phosphorylation of VEGF
receptor 2 (VEGFR2) and of extracellular signal-regulated kinase (ERK) without changing their protein expression levels,
and inhibited endothelial cell growth, migration, and tube formation. The inhibition of the phosphorylation of ERK,
endothelial growth, migration, tube formation, and angiogenesis by ACR was rescued by the overexpression of
constitutively active mitogen-activated protein kinase (MAPK). Finally, ACR, but not atRA, inhibited HCC-induced
angiogenesis in a xenografted CAM model. These results delineate the novel activity of ACR as an antiangiogenic through
a strong inhibition of the VEGFR2 MAPK pathway.
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Angiogenesis has an important role in tumor growth by
supplying nutrients and providing a route for metastasis.1

Therefore, tumor angiogenesis is a good target for the
treatment of solid cancers. Tumor cells induce angiogenesis
by producing and releasing several angiogenic factors, such as
vascular endothelial growth factor (VEGF), basic fibroblast
growth factor (bFGF), and angiopoietins (Angs).1 The VEGF/
VEGF receptor (VEGFR) signaling pathway is essential for
drawing endothelial cells from preexisting blood vessels and
in stimulating their growth,2 whereas the Ang/Tie2 signaling
pathway is important for sustaining the interaction between
endothelial and mural cells and stabilizing the vasculature.

Retinoids (vitamin A and its derivatives) are natural fat-
soluble hormones, the biological effects of which are believed
to be mediated, all or in part, by the modulation of target
gene expression through two families of nuclear receptors:
retinoic acid receptors (RARs) and retinoid X receptors
(RXRs).3 Retinoids exert antitumor activity by modifying the
transactivation of p21CIP1, interferon receptor, and signal
transduction and activator of transcription.4,5 We previously
reported that all-trans retinoic acid (atRA) inhibits angio-
genesis on chorioallantoic membrane (CAM) through dis-
ruption of vascular remodeling by inducing Ang2 expression
and suppressing Ang/Tie2 signaling.6 Acyclic retinoid (ACR)
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is a synthetic retinoid and activates the RAR and RXR.7 Oral
administration of ACR for 12 months significantly reduced
the incidence of post-therapeutic recurrence of hepatocellular
carcinoma (HCC) compared with the placebo group.8 In this
study, ACR did not cause the typical toxic effects observed
with conventional retinoids.8 Now, ACR is under clinical
trials as a chemopreventive drug against the recurrence of
HCC. Nuclear receptor RXR in HCC is highly phosphory-
lated through the Ras-extracellular signal-regulated kinase
(ERK) pathway, inactivated, and accumulates in the line as a
dominant-negative receptor.9,10 ACR inhibits the phosphor-
ylation of RXR by inactivating the Ras-ERK pathway,
recovering transactivation by retinoic acid, and induces
apoptosis in human HCC cell lines.9,10 ACR also has an
anticancer effect in vivo.11 However, it exerts only weak
apoptosis-inducing activity against mature HCC cells in vivo.
This result suggests an existence of an additional molecular
mechanism underlying the anticancer effect of ACR.
Therefore, we predicted that ACR might have antiangiogenic
activity.

Herein, we found that in contrast to the antiangiogenic
mechanism of atRA, ACR inhibited angiogenesis through the
inhibition of the VEGF receptor mitogen-activated protein
kinase (MAPK) pathway. Moreover, ACR suppressed HCC-
induced angiogenesis in a xenografted CAM model. These
results suggest that ACR will also be clinically useful as
an antiangiogenic agent, in addition to its current usage as a
chemopreventive agent.

MATERIALS AND METHODS
Reagents
Acyclic retinoid (2E,4E,6E,10E)-3,7,11,15-tetramethylhexadeca-
2,4,6,10,14-pentaenoic acid) was provided by Kowa (Tokyo,
Japan). AtRA was purchased from Sigma-Aldrich (St Louis,
MO, USA). ACR was dissolved in ethanol and dimethyl
sulfoxide (DMSO) to yield stock solutions of 10mM and
1M, respectively, whereas atRA was dissolved in ethanol to
yield a stock solution of 17mM.

Chicken CAM Assay
In vivo antiangiogenic activity of ACR and atRA was assessed
by CAM assay as described previously.12 In brief, fertilized
Dekalb chicken eggs (Omiya Kakin, Saitama, Japan) were
placed in a humidified egg incubator. After a 4.5-day
incubation at 381C, a 1% solution of methylcellulose con-
taining ACR or atRA at various concentrations was loaded
inside a silicon ring that was placed onto the surface of CAM.
After a further incubation for 2 days, a fat emulsion was
injected into the chorioallantois, so that the vascular net-
works stood out against the white background of the lipid.
Antiangiogenic responses were evaluated under a stereo-
microscope and photographed with a � 7.25 objective.
Quantitative analyses were carried out with angiogenesis-
measuring software (ver.2.0; KURABO, Osaka, Japan).12

Matrigel Plug Assay
Matrigel (BD Biosciences, Bedford, MA, USA) was mixed
with 200 units/ml heparin (Nacalai Tesque, Kyoto, Japan),
with and without 50 ng/ml VEGF (Pepro Tech, Rocky Hill,
NJ, USA) and 5 mM ACR in 0.1% DMSO. The matrigel
mixture was injected subcutaneously into 5-week-old female
C57BL/6 mice (Charles River, Yokohama, Japan). The mice
were killed 7 days later. The matrigel plugs were removed and
fixed in 4% paraformaldehyde for 4 h, dehydrated through a
graded ethanol series, and embedded in paraffin (Nacalai
Tesque). Vertical sections (5mm) were mounted on slides and
stained with hematoxylin and eosin, and observed under an
inverted microscope (model DM IRB, Leica Microsystems,
Wetzlar, Germany).

Cell Cultures
Human umbilical vein endothelial cells (HUVECs) and bo-
vine aortic endothelial cells were cultured as described.12

HepG2 cells, human HCC, were cultured in Dulbecco’s
modified Eagle’s medium (Sigma-Aldrich) supplemented
with 10% fetal calf serum.

Transfection and Luciferase Assay
Transfection into HUVECs was carried out using a combi-
nation of LipofectAMINE 2000 Plus reagent (Invitrogen) and
a constitutively active MAPK kinase vector (1.5 mg each per
35-mm dish).13

Western Blotting Analysis
After rinsing several times with TBS (20mM Tris–HCl,
137mM NaCl), cells were lysed in 1% Triton X-100 in 20mM
HEPES, pH 6.8, containing Complete protease inhibitor
cocktail (1 tablet per 50ml; Roche, Indianapolis, IN, USA),
1mM EDTA, 1mM PMSF, and 0.5mM Na3VO5, and directly
subjected to western analysis using phospho-VEGFR2-spe-
cific antibodies (1:1000 dilution; Cell Signaling Technology,
Danvers, MA, USA), phospho-FGFR1-specific antibodies
(1:1000 dilution; Cell Signaling Technology), or phospho-
ERK-specific antibodies (1:2000 dilution, Cell Signaling
Technology). Cell lysates were also subjected to western
analysis using antibodies to VEGFR2, FGFR1, and ERK.
Immunoreactive bands of proteins were detected with
ECL-Plus chemiluminescence reagents (GE Healthcare,
Buckinghamshire, UK).

In Vitro Tube Formation Assay
Tube formation by HUVECs on matrigel was assessed as
described previously.14 Unpolymerized matrigel (Becton
Dickinson, Bedford, MA, USA) was diluted to a final con-
centration of 5mg/ml with MCDB-131 medium, aliquoted
150 ml each into 24-well plates, and allowed to polymerize
for 30min at 371C. HUVECs were transfected with a con-
stitutively active MAPK kinase-expressing vector. Two days
later, HUVECs were seeded onto the polymerized gel at
2� 105 cells/well; thereafter, 100 ng/ml VEGF, 1 mM, 5 mM,
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and 10 mM ACR and/or atRA were added, and incubated
for 6 h. In vitro tube formation was examined under a
phase-contrast microscope and photographed with a � 10
objective.

HCC-Induced Angiogenesis in a Xenografted CAM Model
Hepatocellular carcinoma-induced angiogenesis in a xeno-
grafted CAM model was assessed as previously described.15,16

HepG2 cell suspensions with or without 5 mM ACR or atRA
were delivered at 4� 105 cells per embryo onto the top of
the CAM on day 8 using a gelatin sponge, called Gelform
(Pfizer, New York, NY, USA) implant. After a further 4-day
incubation, a fat emulsion was injected into the chor-
ioallantois, so that the vascular networks stood out against

the white background of the lipid. Antiangiogenic responses
were evaluated under a stereomicroscope and photographed
with a � 25.

Statistical Analysis
Data are expressed as means ±s.d. Statistical significance was
assessed by one-way analysis of variance, followed by Shaffer’s
t-test.

RESULTS
Comparison Between the Effects of ACR and atRA on
Blood Vessel Formation in CAM
To determine whether ACR could inhibit in vivo angiogen-
esis, we carried out CAM assay (Figure 1). The formation of
intricate vascular networks, developing within control CAM
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100 ± ± 14 

102 ± ± 15

96 ± ± 14

c d

5 µg/egg 10 µg/egg 
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50 ± ± 5* 36 ±± 10*
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Figure 1 Suppression of in vivo angiogenesis in CAM by ACR and atRA. The 4.5-day-old CAMs were treated with ACR and atRA for 48 h, and then patterns of

angiogenesis were photographed. Panel (a), vehicle (1% ethanol plus 1% DMSO); panel (b), 1 mg/egg ACR; panel (c), 5 mg/egg ACR; panel (d), 10 mg/egg ACR;

panel (e), 100 ng/egg atRA; panel (f), 500 ng/egg atRA; panel (g), 1 mg/egg atRA. Scale bar, 5mm. Total numbers of branches of blood vessels were analyzed

with angiogenesis-measuring software and are shown under each panel. A total of 12 eggs (6 eggs per experiment� 2 experiments) were evaluated and

representative results are shown. An asterisk indicates a significant difference (Po0.05) from the control.
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(Figure 1, panel a), was suppressed with ACR in a dose-
dependent manner at concentrations of 1–10 mg/egg
(0.3–3.3mM inside the ring) (Figure 1, panels b–d) and with
atRA in a dose-dependent manner at about 10 times lower
concentrations of 100–1000 ng/egg (33–333 mM) (Figure 1,
panels e–g). Although the inhibition of angiogenesis with
atRA was partially rescued by simultaneous treatment with
Ang1 at a concentration of 300 ng/egg as consistently as we
reported previously6 (Figure 2A, panel e), inhibition of
angiogenesis with ACR was not rescued with Ang1 at all
(Figure 2A, panel f). Furthermore, although atRA stimulated
the transactivation activity of the Ang2 promoter twofold
(Supplementary Figure 1, column 2), ACR hardly showed
such an activity (Supplementary Figure 1, columns 3 and 4).
On the other hand, inhibition of angiogenesis with ACR, but
not with atRA, was rescued by simultaneous treatment with
VEGF (compare Figure 3A, panels e and f). To determine
whether ACR might inhibit VEGF-induced blood vessel
formation in vivo, we examined the effect of ACR in the
matrigel plug assay (Figure 3B). Invasion of cells into gels was
observed in the control matrigel that contained VEGF
without ACR (panel a). When ACR was included in the
matrigel at a concentration of 5mM, the VEGF-induced in-
vasion of cells was inhibited by about 54% (panel b).

Effect of ACR and atRA on Endothelial Cell Growth,
Migration, and Tube Formation
We investigated the molecular mechanism by which ACR
inhibited angiogenesis. First, we compared the effect of
ACR and atRA on vascular endothelial cells. ACR (5 mM)
suppressed the growth, migration, and tube formation
(Figure 4A, lane 2, closed column; Figure 4B, lane 2, closed
column; Figure 4C, panel b, respectively). These suppressive
effects by ACR were, all or in part, rescued by overexpressing
a constitutive active MEK gene (Figure 4A, lane 2, open
column; Figure 4B, lane 2, open column; Figure 4C, panel e,
respectively). Conversely, atRA did not suppress, rather it
enhanced all of them (Figure 4A, lane 3, closed column;
Figure 4B, lane 3, closed column; Figure 4C, panel c,
respectively).

ACR Suppressed Phosphorylation of VEGFR2 and ERK
Next, we examined the effect of ACR and atRA on the
phosphorylation of angiogenic growth factor receptors ex-
pressed by endothelial cells. As seen in the upper panel of
Figure 5a, induction of phosphorylated 230 kD VEGFR2 after
VEGF treatment was blocked to about 20% by pretreatment
with 5 mM ACR for 24 h (compare lanes 4 with 5). In con-
trast, pretreatment with 5mM atRA for 24 h did not block the
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Figure 2 The antiangiogenic effect of atRA, but not ACR, was rescued by simultaneous treatment with Ang1 in CAM. (A) The 4.5-day-old CAMs were treated

with ACR and atRA for 48 h and then patterns of angiogenesis were photographed. Panel (a), vehicle (1% ethanol plus 1% DMSO); panel (b), 500 ng/egg

atRA; panel (c), 3 mg/egg ACR; panel (d), vehicle plus 300 ng/egg human recombinant Ang1; panel (e), 500 ng/egg atRA plus 300 ng/egg human

recombinant Ang1; panel (f), 3 mg/egg ACR plus 300 ng/egg human recombinant Ang1. Scale bar, 5mm. Total numbers of branches of blood vessels were

analyzed with angiogenesis-measuring software and are shown under each panel. A total of 18 eggs (6 eggs per experiment� 3 experiments) were

evaluated and representative results are shown. An asterisk indicates a significant difference (Po0.05) from the control. This result shows the representative

result from three independent experiments, all of which gave similar results.
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phosphorylation of VEGFR2 but rather increased it (compare
lanes 4 with 6). Both ACR and atRA decreased the expression
of VEGFR2 to about 70 and 60%, respectively, without VEGF
treatment (compare lanes 1 with 2 and 3). However, this
effect was not obvious in cells treated with VEGF (compare
lanes 4–6). ACR did not affect the binding of VEGF to
VEGFR2, nor did it affect VEGF mRNA levels (data not
shown). On the other hand, pretreatment with ACR or atRA
did not block the phosphorylation of FGFR1 but rather
enhanced it (Figure 5b). Whereas ACR inhibited the phos-
phorylation of Ras, it did not inhibit the phosphorylation
of Akt (Supplementary Figure 2). In addition, pretreatment

with 5 mM ACR, but not with atRA, significantly inhibited
the phosphorylation of ERK, which is induced downstream
of VEGF stimuli (Figure 6a, lanes 5 and 6 in upper panel,
respectively). The inhibition by ACR was inverted by the
overexpression of constitutively active MAPK kinase in
HUVECs (Figure 6b, lane 4 in upper panel).

Effect of ACR and atRA on HCC-Induced Angiogenesis in
a Xenografted CAM Model
To confirm whether ACR and atRA have anti-HCC-induced
angiogenic activity in vivo, we investigated the effect of ACR
and atRA on HCC-induced angiogenesis in a xenografted
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Figure 3 The antiangiogenic effect of ACR, but not of atRA, was rescued by simultaneous treatment with VEGF in CAM (A). The 4.5-day-old CAMs

were treated with ACR and atRA for 48 h and then patterns of angiogenesis were photographed. Panel (a), vehicle (1% ethanol plus 1% DMSO); panel

(b), 3 mg/egg ACR; panel (c), 500 ng/egg atRA; panel (d), vehicle plus 1 ng/egg mouse recombinant VEGF; panel (e), 3 mg/egg ACR plus 1 ng/egg mouse

recombinant VEGF; panel (f) 500 ng/egg atRA plus 1 ng/egg mouse recombinant VEGF. Scale bar, 5mm. Total numbers of branches of blood vessels were

analyzed with angiogenesis-measuring software and are shown under each panel. A total of 18 eggs (6 eggs per experiment� 3 experiments) were

evaluated and representative results are shown. (B) Matrigel plug assay: matrigel plugs containing 50 ng/ml VEGF ± 5 mM ACR were implanted into mice

subcutaneously. One week later, matrigel plugs were collected and stained with hematoxylin and eosin (panels a and b). Panel a, VEGF alone (control);

panel b, VEGF plus ACR. Representative data from a total of nine micrographs (3 fields� 3 mice) are presented. Scale bar, 500 mm. The number of invading

cells in each micrograph was counted and the relative values are presented as percentages under each photograph. An asterisk indicates a significant

difference (Po0.05) from the control. Panels A and B show representative results from two independent experiments, both of which gave similar results.
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CAM model (Figure 7). Although 5 mM ACR inhibited HCC-
induced angiogenesis by 37% (panel b), the same
concentration of atRA did not show any inhibition at all

(panel c). This result suggested that ACR, but not atRA, may
prevent the recurrence of HCC in part through the inhibition
of cancer angiogenesis.
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Figure 4 Effects of ACR and atRA on endothelial cell growth, migration, and tube formation. (A) HUVECs were transfected with a constitutively active

MAPK kinase-expressing vector. After 2 days, cells (1� 105 cells) were seeded onto 3.5-cm dishes and incubated for another 2 days. They were then

incubated for 48 h in a-MEM medium containing 10% fetal calf serum, 100 ng/ml VEGF, and 5 mM ACR or atRA. Cells were counted and cell numbers

are plotted as ploidy relative to values for untreated control cells at the start of incubation with ACR or atRA. Values represent means±s.e. (n¼ 2).

Lane 1, vehicle (0.1% ethanol); lane 2, ACR; lane 3, atRA. Closed columns, cells overexpressing control vector; open columns, cells overexpressing

constitutively active MAPK kinase. A single asterisk indicates a significant difference (Po0.05) from the control (lane 1, closed column) and double

asterisks indicate a significant difference (Po0.05) between samples with or without the overexpression of constitutively active MAPK kinase.

(B) HUVECs were transfected with a constitutively active MAPK kinase-expressing vector. After 2 days, cells were wounded with a tip of pipette and

incubated for 12 h in a-MEM medium containing 2.5% fetal calf serum, 100 ng/ml VEGF, and 5 mM ACR or atRA. The numbers of cells that migrated

into the denuded area were counted and are plotted as percentages relative to values for untreated control cells. Values represent means ±s.e. (n¼ 2).

Lane 1, vehicle (0.1% ethanol); lane 2, ACR; lane 3, atRA. Closed columns, cells overexpressing control vector; open columns, cells overexpressing

constitutively active MAPK kinase. A single asterisk indicates a significant difference (Po0.05) from the control (lane 1, closed column) and double

asterisks indicate a significant difference (Po0.05) between samples without or with the overexpression of constitutively active MAPK kinase.

(C) HUVECs were transfected with a constitutively active MAPK kinase-expressing vector. After 2 days, cells were seeded onto polymerized matrigel

at 2� 105 cells/well. Thereafter, 100 ng/ml VEGF and 5 mM ACR or atRA were added, and incubated for 6 h. Patterns of tube formation were

photographed. Scale bar, 100 mm. Panels (a–c), cells overexpressing control vector; panels (d–f), cells overexpressing constitutively active MAPK kinase.

Panels (a and d), vehicle (0.1% ethanol) plus 100 ng/ml VEGF; panels (b and e), 5 mM ACR plus 100 ng/ml VEGF; panels (c and f), 5 mM atRA

plus 100 ng/ml VEGF. The numbers of branches in each micrograph were counted and the relative values are presented as percentages under

each photograph. A single asterisk indicates a significant difference (Po0.05) from the control (panel a vs panel b) and double asterisks indicate a

significant difference (Po0.05) between samples with or without the overexpression of constitutively active MAPK kinase (panel b vs panel e).

Panels A–C show representative results from two independent experiments, both of which gave similar results.
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DISCUSSION
In this paper, we have shown an antiangiogenic activity of
ACR and its underlying molecular mechanism, differing from
that of atRA. Although the relative antiangiogenic activity of
ACR was about 10 times weaker than that of atRA at the
same concentrations (Figure 1), ACR showed much stronger
inhibition in endothelial cell growth, migration, and tube

formation than atRA (Figure 4) because of suppression in the
VEGF-MAPK pathway (Figures 5 and 6). ACR suppressed
the phosphorylation of VEGFR2 (Figure 5a, lane 5). On the
other hand, atRA induced the phosphorylation of VEGFR2
(Figure 5a, lane 6). This might be because of the induction of
VEGF by atRA as reported previously.17 ACR did not affect
the levels of VEGF mRNA and the transactivation of the
VEGF promoter (data not shown). ACR slightly inhibited
the phosphorylation of VEGFR1 at 300 mM but not at all at
30 mM (Ishibashi et al, unpublished data). ACR (1 or 10 mM)
did not inhibit other tyrosine kinases (for example, EGFR,
FGFR3, FLT3, IGF1R, MET, PDGFR-a, PDGFR-b, and
TRKB) (Ishibashi et al, unpublished data). Moreover, ACR
inhibited the phosphorylation of Ras but not the phos-
phorylation of Akt (Supplementary Figure 2). Therefore,
we speculate that ACR may selectively interfere with the
phosphorylation of VEGFR2 after Ras activation, although it
is not clear how ACR does this; the underlying detailed
molecular mechanism(s) remain to be elucidated. ACR and
atRA enhanced the phosphorylation of FGFR1 (Figure 5b,
lanes 3 and 4). This result might be because of the induction
of bFGF by atRA as previously reported.18 ACR might also
induce bFGF, probably through its retinoid activity.

These results suggest that suppression of the recurrence of
HCC by ACR was induced in part through its antiangiogenic
property by directly suppressing endothelial growth, migra-
tion, and tube formation through inhibition of the VEGFR2-
MAPK axis. On the other hand, atRA inhibits angiogenesis by
a disruption of vascular networks through an increased ex-
pression of Ang2 and inhibition in the Ang/Tie2 pathway.6

Compared with atRA, ACR has 1/10–1/100 weaker ‘retinoid’
activities.19 It has a 1/10 weaker action on leukemia
differentiation,20 and a 1/100 weaker carcinogenic action in
transgenic mice that express the dominant-negative form of
retinoic acid receptor.21,22 On the other hand, accumulating
evidence shows that ACR, but not atRA, has apoptosis-
inducing activity in HCC cells, as well as in smooth muscle
cells and vascular neointima.23,24 We found that ACR acts as
either a kinase inhibitor or a phosphatase stimulator and
prevents hyperphosphorylation of RXR,9 and now VEGFR2.
In this context, we speculate that ACR resembles ger-
anylgeraniol in terms of its isoprenoid-like structure,
which has been implicated in the modulation of many
phosphorylation/dephosphorylation signaling.25,26

Hepatocellular carcinoma is a major cause of cancer
mortality worldwide, especially in Southeast Asia and in sub-
Saharan Africa.27 The development of HCC is frequently
associated with a chronic inflammation of the liver induced
by persistent infection with hepatitis B virus or hepatitis C
virus. The annual incidence rises to B20–25% in cirrhotic
patients who have undergone a potentially curative removal
of primary HCC in Japan; the recurrence rate at 5 years after
the curative treatment may exceed 70%. This high recurrence
rate is not because of local recurrence or metastasis from the
original lesion, but rather from a second primary lesion.19
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In HCC tissues, RXR-a is constitutively phosphorylated by
the activation of MAPK, resulting in a loss of its function and
accumulation of inactive RXR-as inside cells as dominant-
negative inhibitors.9,10 Therefore, phosphorylation of RXR-a
causes a reduction in transactivation through a RAR/RXR
complex.9,28 ACR inhibits the phosphorylation of RXR-a and
restores the function of RXR-a, and thereby transactivation
through the RAR/RXR complex with endogenous retinoic
acid. Retinoids are thought to activate the transcription of
cell cycle inhibitor p21CIP1 by RAR29 and by apoptosis-
inducer tissue transglutaminase in HCC.19 However, 5 mM
ACR hardly induces endothelial cell death (Figure 4A) and
expression of p21CIP1 mRNA levels in endothelial cells (data
not shown). We found that phosphorylation of RAR/RXR
was associated with the growth of endothelial cells and
that ACR inhibited this phosphorylation (Supplementary
Figure 3). As this phosphorylation of RAR/RXR coincided
with the activation of VEGFR2 and Ras and as we had already
found that RAR/RXR phosphorylation was induced by the
overexpression of active MEK in cancer cells,10 we speculate
that phosphorylation of RAR/RXR would occur downstream
of the VEGF/VEGFR axis in growing endothelial cells.

Acyclic retinoid suppressed both angiogenesis and HCC-
induced angiogenesis in a xenografted CAM model (Figure 1,
panels b–d and Figure 7, panel b, respectively). In this model,
ACR did not affect the preexisting blood vessels on CAM.
These results suggest that ACR did not affect the mature
blood vessel and only affected neovasculature formation,
including both normal angiogenesis and tumor angiogenesis.
On the other hand, atRA suppressed angiogenesis but failed
to suppress the tumor angiogenesis on CAM (Figures 1 and
7, panels e–g and panel c, respectively), suggesting that atRA
inhibits angiogenesis in the embryonic stage, but not tumor-

induced angiogenesis, and addressing the superiority of ACR
as a promising antitumor angiogenesis agent. The dose of
ACR used in this experiment (5 mM) is higher than the
maximal blood concentration of ACR in clinical use (1 mM)
(Ishibashi et al, unpublished data). However, we believe that
liver tissue has higher doses of ACR than does the blood level
because of the accumulation of ACR in the liver. These results
suggest that one of the mechanisms of ACR action to prevent
recurrence of HCC is its antiangiogenic activity.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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