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Blood vessels are mainly composed of intraluminal endothelial cells (ECs) and mural cells adhering to the
ECs on their basal side. Immature blood vessels lacking mural cells are leaky; thus, the process of mural
cell adhesion to ECs is indispensable for stability of the vessels during physiological angiogenesis. How-
ever, in the tumor microenvironment, although some blood vessels are well-matured, the majority is
immature. Because mural cell adhesion to ECs also has a marked anti-apoptotic effect, angiogenesis
inhibitors that destroy immature blood vessels may not affect mature vessels showing more resistance
to apoptosis. Activation of Tie2 receptor tyrosine kinase expressed in ECs mediates pro-angiogenic effects
via the induction of EC migration but also facilitates vessel maturation via the promotion of cell adhesion
between mural cells and ECs. Therefore, inhibition of Tie2 has the advantage of completely inhibiting
angiogenesis. Here, we isolated a novel small molecule Tie2 kinase inhibitor, identified as 2-methoxycin-
namaldehyde (2-MCA). We found that 2-MCA inhibits both sprouting angiogenesis and maturation of
blood vessels, resulting in inhibition of tumor growth. Our results suggest a potent clinical benefit of dis-
rupting these two using Tie2 inhibitors.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction cells to ECs on the basal side. When Tie2, a receptor tyrosine ki-
It is well-established that dysregulation of blood vessel forma-
tion is involved in several diseases, such as cancer, retinopathy,
chronic inflammation and others. To develop optimal strategies
for inhibiting angiogenesis and preventing progression of these
diseases, the mechanisms controlling blood vessel formation have
been extensively analyzed. Of the many growth factors involved in
this process, vascular endothelial growth factor (VEGF) or its cog-
nate receptors (VEGFRs) have been targeted by angiogenesis inhib-
itors which are already utilized clinically, especially in cancer
therapy [1]. Indeed, the efficacy of neutralizing antibody to VEGF
(bevacizumab) in prolonging survival in patients with malignant
colon cancer has been established, and utilization of this drug is
currently being extended to other tumor types [2].

VEGF plays a fundamental role in development, tube formation
and proliferation of endothelial cells (ECs) [3]. Tubes generated
using VEGF alone do not mature; blood vessel stability requires
the adherence of mural cells such as pericytes or smooth muscle
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nase, expressed predominantly in ECs, is activated by angiopoie-
tin-1 (Ang1), usually released from mural cells, cell adhesion
between ECs and mural cells is induced and the structural stability
of blood vessels is enhanced [4]. It is widely accepted that mural
cell adhesion to ECs induces a transition from the actively elongat-
ing status of a new blood vessel to a mature state, resulting in final-
ization of sprouting angiogenesis. On the other hand, when
angiogenesis is ongoing and mural cells are absent near ECs, Tie2
activation induces migration of ECs to support sprouting angiogen-
esis. Therefore, Tie2 activation plays dual roles as a pro-angiogenic
and as an anti-angiogenic factor. Which activity dominates is
dependent on intracellular signaling via Tie2 phosphorylation [5].
When it is mainly the Akt pathway that is activated through
Tie2, cell adhesion between mural cells and ECs is induced, result-
ing in vascular quiescence. However, when the Erk rather than Akt
pathway is activated via Tie2, the migration of ECs is enhanced.

In the context of therapy with angiogenesis inhibitors, matura-
tion of blood vessels is a key locus for the development of resis-
tance against angiogenesis inhibitors. Mural cells adhere to ECs
in mature blood vessels. In this situation, the two cell types engage
in cross-talk and stimulate each other by producing several cyto-
kines such as VEGF, Ang1, platelet-derived growth factor (PDGF),
transforming growth factor b and others [6]. This results in
suppression of apoptosis of both mural cells and ECs. Moreover,
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adhesion molecules responsible for keeping the mural cells and
ECs in close proximity also provide signals involved in preventing
their apoptosis. Tie2- or Ang1-deficient mice lack EC/mural cell
integrity and manifest insufficient vessel outgrowth [7]. Therefore,
Tie2 inhibition in tumors may suppress sprouting angiogenesis as
well as inhibiting blood vessel maturation.

In the present study, we screened for small molecule Tie2 inhib-
itors in natural products. Among the molecules investigated, we
found that 2-methoxycinnamaldehyde [(2E)-3-(2-methoxy-
phenyl)acrylaldehyde: 2-MCA] inhibits Ang1-mediated Tie2 phos-
phorylation. 2-MCA is extracted from the bark of cinnamon trees
and other species of the genus Cinnamomum and gives those plants
their flavor [8]. 2-MCA has been identified as the major active fun-
gitoxic component, especially against Candida albicans [9], and
also possesses strong antibacterial activity [10]. Here, we show
that 2-MCA abrogates Ang1-mediated endothelial barrier function
and tube formation in vitro. Moreover, using 2-MCA we analyzed
whether Tie2 inhibition suppresses both the process of sprouting
angiogenesis as well as blood vessel maturation in the tumor
microenvironment.
2. Materials and methods

2.1. Screen for Tie2 kinase inhibitors

Human Tie2, cytoplasmic domain [771-1124(end) aminoacids
was expressed as an N-terminal GST-fusion protein. First, we se-
lected extracts from several herbs because of their inhibitory ef-
fects on proliferation or migration of ECs in the P-Sp culture
system that supports vasculogenesis and angiogenesis [11].
Approximately 100 test compounds were isolated from extracts
of these herbs by high performance liquid chromatography were
evaluated. Compound solution, substrate/ATP/Metal solution, and
kinase solution were prepared with assay buffer (15 mM Tris–
HCl, 0.01% Tween-20, 2 mM DTT, pH 7.5) and mixed in streptavidin
coated 96 well microplates (Perkin Elmer). Plates were incubated
for 1 h at room temperature and then washed four times to stop
the reaction. Wells were blocked with blocking buffer containing
0.1% BSA and then the detection antibody (HRP-conjugated PY20;
Santa Cruz Biotechnology) was added and incubated for 30 min.
After washing, TMB solution (MOSS, Inc.) was added to each well
and incubated for 5 min. To stop the HRP reaction, 0.1 M sulfuric
acid was added. The kinase reaction was evaluated by absorbance
at 450 nm. Among compounds tested, we found one with Tie2 ki-
nase inhibitory effects. This compound was identified as 2-MCA by
NMR (NM-ECP400; JOEL).
2.2. Reagents

2-MCA (Sigma Aldrich), Recombinant human VEGF165

(PEPROTECH), Ang1, and HGF (R&D Systems) were used.
In Western blotting analysis, mouse anti-Tie2 (Ab33) antibodies

(Abs) (Upstate), phospho-Tie2 (Tyr992) (R&D Systems, Inc.), rabbit
anti-Akt, phospho-Akt (Ser473), p44/42, phospho-p44/42 (Thr202/
Tyr204) (Cell Signaling Technology, Inc.) and mouse anti-GAPDH
mAb (Chemicon) were used as the first Abs. Anti-phosphoTie2
(Tyr992) Abs were diluted 1:500, other Abs 1:1000. HRP-conju-
gated anti-rabbit and anti-mouse Ig (Jackson ImmunoResearch)
was used as the secondary antibody (diluted 1:1000).

For the immunofluorescence analysis, mouse anti-human ZO-1
(BD Biosciences), rat anti-mouse CD31 (BD Biosciences) and Cy3-
conjugated anti-a-smooth muscle actin (1A4; Sigma) mAbs were
used as the first Abs (diluted 1:200). Alexa488-conjugated goat
anti-mouse and anti-rat Igs (Invitrogen) were used as the second-
ary Abs (Invitrogen) (dilution; 1:200).
2.3. Cell culture

Ba/F3 cells were grown in RPMI-1640 medium supplemented
with 10% FBS and 200 pg/ml IL-3 (GIBCO). Human umbilical vein
endothelial cells (HUVECs) were purchased from Kurabo (Kurashi-
ki, Japan) and maintained according to the supplieŕs instructions.
For Ang1, VEGF and HGF stimulation, cells were starved in RPMI-
1640 medium containing 1% FBS for 3 h. Colon26 cells were grown
in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% FBS. HCT116 cells were grown in RPMI-1640 medium
supplemented with 10% FBS. Platinum-E cells (Plat-E; packaging
cells) and stable cell lines transfected with pMRX virus vector were
cultured in 10% FBS-containing DMEM [12,13].
2.4. Plasmid construction

Mouse Tie2 or mutant Tie2 (Tie2R848W) was fused to se-
quences encoding full-length Venus. A Myc epitope was inserted
as a tag between Tie2 and Venus. Genes were inserted at the mul-
ticloning site of pEGFPN1 vector or pMRX virus vectors.
2.5. Retroviral infection

Plat-E cells were transfected with 1.0 lg of pMRX-Tie2-Myc-Ve-
nus or pMRX-Tie2R848W-Myc-Venus vectors using Lipofectamine
2000 (Invitrogen), then incubated for 24 h at 37 �C after which the
medium was changed. After 12 h (36 h from transfection) and 24 h
(48 h from transfection), conditioned medium was harvested, ster-
ilized by filtration and used to infect Ba/F3 cells. About 8 lg/ml
polybrene was added to facilitate infection. Stable cell lines
expressing wild-type Tie2 (BaF/WT-Tie2 cells) or constitutively ac-
tive Tie2 (BaF/R848W-Tie2 cells) were selected by culture in med-
ium containing puromycin (5 lg/ml) or blasticidin (10 lg/ml).
2.6. SDS–PAGE and Western blotting

Cells were washed with ice-cold phosphate-buffered saline
(PBS) and lyzed with RIPA buffer (50 mM Tris–HCl pH 7.5,
150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS).
The cells were incubated on ice for 10 min followed by centrifuga-
tion at 15,000 rpm for 5 min at 4 �C. Proteins electrophoretically
separated using 7.5% SDS gels were transferred to nylon mem-
branes (Amersham Biosciences) by a wet blotting procedure
(140 V, 200 mA, 120 min). The membrane was blocked with 5%
skim milk/TBST for 60 min, subsequently incubated with the Abs
as indicated in the figures and processed for chemiluminescence
detection with ECL solution.
2.7. Tube formation

HUVECs were cultured at 3 � 104 cells/well on 100 ll of growth
factor-reduced Matrigel (BD Biosciences) in RPMI-1640 supple-
mented with 1% FBS. The cells were incubated for 18 h at 37 �C,
5% CO2. Tube formation was observed in living cells microscopi-
cally (Leica AF6000).
2.8. Analysis of cell apoptosis

HUVECs were cultured for 24 h in the presence or absence of 2-
MCA (30 lM). The cells were stained with Annexin V and propidi-
um iodide using an Annexin V-FITC apoptosis detection kit (BD
Biosciences), and analyzed by flow cytometry (Becton Dickinson).
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2.9. Mice

Balb/c and KSN nude mice were purchased from Japan SLC (Shi-
zuoka, Japan). Mouse and human colon cancer-derived colon26
and HCT116 cells (3.5 � 106 cells) were inoculated subcutaneously
into 8 week-old female mice. Animals were housed in environmen-
tally controlled rooms of the animal experimentation facility at
Osaka University. All experiments were carried out following the
guidelines of Osaka University Committee for animal and recombi-
nant DNA experiments.
2.10. Immunocytochemistry and immunohistochemistry

For immunocytochemistry, cells on 0.1% gelatin (Sigma Al-
drich)-coated glass dishes were rinsed, fixed for 10 min in 4% para-
formaldehyde-PBS (pH 7.5) and washed with PBS. Subsequently,
the cells were permeabilized with 0.1% Triton X-100 for 30 min.
After washing with PBS, cells were blocked with PBS containing
5% normal goat serum and 1% BSA for 30 min and immunostained
with first Abs (1:100) for 1 h. Protein reacting with Abs was visu-
alized with secondary Abs (1:200). The cells were observed under
a microscope (Leica TCS SP5 Ver1.6) using HCX PL APO lambda blue
63 � 1.4 oil. Images were processed using Adobe Photoshop CS5
Extended software (Adobe Systems). Immunohistochemical analy-
sis was performed as previously reported [14].
Fig. 1. 2-MCA inhibits phosphorylation of Tie2. (A) Chemical structural formula of 2-met
WT-Tie2 cells (bottom). BaF/WT-Tie2 cells were stimulated with or without Ang1 for 15
downstream signals of Tie2. BaF/WT-Tie2 cells were stimulated with or without Ang1 (50
of Tie2, Akt and p44/42 was assessed. (C) Western blotting of Ba/F3, BaF/WT-Tie2 (WT)
Inhibitory effect of 2-MCA on phosphorylation of constitutively active Tie2. BaF/R848W-
phosphorylation was then assessed.
2.11. Statistical analysis

Results were expressed as the mean ± SEM. Student’s t test was
used for statistical analysis. Differences were considered statisti-
cally significant when P < 0.01.
3. Results

3.1. 2-MCA inhibits phosphorylation of Tie2

Using an ELISA-based in vitro kinase assay to screen for Tie2
inhibitors, we identified 2-MCA as a novel candidate molecule.
To confirm that 2-MCA inhibits Ang1-mediated Tie2 phosphoryla-
tion, a pro-B lymphocyte cell line (Ba/F3) expressing mouse Tie2
ectopically (BaF/WT-Tie2 cells) was used. When BaF/WT-Tie2 cells
were stimulated with Ang1, phosphorylation of Tie2 was observed;
this was suppressed by 2-MCA in a dose-dependent manner
(Fig. 1A).

It is well known that Tie2 phosphorylation induces activation of
downstream signal pathways such as PI3K-Akt and p42/44, Erk.
We found that 2-MCA inhibited both of these Ang-1-stimulated,
Tie2-dependent signaling cascades (Fig. 1B).

It has been reported that exchange of tryptophan for arginine at
position 849 (R849W) of Tie2 by point mutation leads to its consti-
tutive activation and that this mutation is one cause of human
hereditary venous malformation [15]. We generated a construct
hoxycinnamaldehyde (2-MCA) (upper). Western blotting was performed using BaF/
min in the presence or absence of titrated doses of 2-MCA. (B) Effect of 2-MCA on

0 ng/ml) for 15 min in the presence or absence of 2-MCA (600 lM). Phosphorylation
, and BaF/R848W-Tie2 cells (R848W). GAPDH was used as the internal control. (D)
Tie2 cells were cultured with titrated doses of 2-MCA as indicated for 15 min. Tie2
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coding for this mutant Tie2 in mice (R848W) and transfected it into
Ba/F3 cells. Wild-type Tie2 was only weakly phosphorylated with-
out Ang1 on overexpression, but mutant Tie2 was strongly phos-
phorylated (Fig. 1C). This phosphorylation of constitutively active
Tie2 was also inhibited by 2-MCA in a dose-dependent manner
(Fig. 1D).

3.2. 2-MCA inhibits Ang1-mediated stabilization of cell-cell junctions
and tube formation

Activation of Tie2 in ECs enhances the stability of blood vessels
and supports angiogenesis mainly via Akt or Erk activation, respec-
tively, as described above [5]. Therefore, we next investigated
whether 2-MCA affects these functions of Tie2 using human umbil-
ical vein endothelial cells (HUVECs). We confirmed that activation
Fig. 2. Effects of 2-MCA on Ang1-mediated HUVEC junction and tube formation. (A) Effec
HUVECs were cultured with or without Ang1 (500 ng/ml) in the presence of titrated doses
stability of the tight junction protein ZO-1. HUVECs were cultured with VEGF (10 ng/ml)
24 h, after which ZO-1 expression was assessed immunocytochemically. The bar indicat
without of Ang1 (500 ng/ml) in the presence or absence of titrated doses of 2-MCA as indi
2-MCA (30 lM) for 24 h and cell death and apoptosis was then evaluated by the expressi
the percentage of cells among total cells. Quantitative evaluation of PI�AnnexinV+ apopto
HGF-mediated p42/44 activation in HUVECs. HUVECs were cultured for 15 min. with or
MCA as indicated.
of Akt and Erk mediated by stimulation with Ang1 was abrogated
by 2-MCA in HUVECs (Fig. 2A), as was observed using BaF/Tie2
cells. When HUVECs reach confluence, tight junctions marked by
ZO-1 appear (Fig. 2B). ZO-1 expression was not observed on EC–
EC contact on stimulation with VEGF, consistent with its well
known action to disturb EC–EC junction formation and facilitate
hyperpermeability [16]. However, Ang1 inhibited VEGF-mediated
disruption of junction formation. When 2-MCA was added at the
same time as VEGF and Ang1, the effect of Ang1 on stabilization
of EC-EC contact was annulled (Fig. 2B). This finding suggested that
2-MCA blocks maturation processes during blood vessel formation.
When HUVECs were cultured on the Matrigels, Ang1 was seen to
induce cord-like structures involved in tube formation, as previ-
ously reported [17] (Fig. 2C). However, 2-MCA suppressed this,
consistent with its inhibitory effects on angiogenesis.
t of 2-MCA on Ang1-mediated Tie2 downstream signals, Akt and p42/44 in HUVECs.
of 2-MCA as indicated for 15 min. (B) Effect of 2-MCA on Ang1-mediated membrane
with or without Ang1 (100 ng/ml) in the presence or absence of 2-MCA (60 lM) for
es 20 lm. (C) Tube formation analysis. HUVECs were cultured on Matrigels with or
cated. Bar indicates 250 lm. (D) HUVECs were cultured in the presence or absence of
on of Annexin V and PI staining by FACS (upper). Numbers in each quadrant indicate
tic cells and PI+ dead cells (lower two graphs) (n = 3). (E) Effect of 2-MCA on VEGF- or
without VEGF (100 ng/ml) or HGF (50 ng/ml) in the presence of titrated doses of 2-



Fig. 3. Effect of 2-MCA on tumor angiogenesis. (A) Blood vessel formation observed in tumors established by inoculating colon26 mouse colon cancer cells. Section of tumor
was stained with anti-CD31 (green) and anti-a-SMA (red) antibodies. Right panel shows higher magnification of area indicated by dashed box in the left panel. Bars indicate
250 lm (left) and 50 lm (right). (B) Effect of 2-MCA on tumor growth. 2-MCA (0.5 mg/kg) was injected intraperitoneally every day from day 0 to day 7, starting 4 days after
inoculation of tumor cells. Tumor growth was monitored by measuring tumor size. Inset shows gross appearance of tumors dissected on day 8. ⁄P < 0.05 (n = 3). (C)
Suppression of the formation of tumor vasculature by injecting 2-MCA. Sections from the edge and center lesions of the tumor were stained with anti-CD31 antibody. Bar
indicates 250 lm. (D) Quantitative evaluation of vascular density calculated for the edge (upper) and center (bottom) of the tumor. The number of blood vessels in 5 random
fields was counted. ⁄⁄P < 0.01. (E) In vitro proliferation assay using colon26 cells with DMSO or 30 lM 2-MCA.
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To investigate direct effects of 2-MCA on ECs, HUVECs were cul-
tured in its presence or absence. Results suggested that the effects
of 2-MCA did not depend on enhancement of HUVEC death or
apoptosis (Fig. 2D). To further investigate whether the inhibitory
effects of 2-MCA were mediated specifically via the angiopoietin/
Tie2 pathway, cellular assays were performed to monitor Erk acti-
vation by two other angiogenesis-related receptor tyrosine kinases,
VEGFR and c-Met, induced by their cognate ligands, VEGF and HGF,
respectively. Similar to the results from stimulation by Ang1, both
VEGF and HGF were capable of inducing the phosphorylation of
Erk. However, no inhibitory effects of 2-MCA were observed on
Erk activation by these factors (Fig. 2E). These results indicate that
the observed effect of 2-MCA was most likely mediated through
specific inhibition of the Ang1-triggered Tie2 activation pathway.

3.3. 2-MCA suppresses tumor growth via inhibition of angiogenesis

Using tumor xenograft models, we previously reported that
there are two types of tumor associations with mural cell coverage
of ECs in the tumor vasculature [14]. In one type, most blood ves-
sels are not covered with mural cells and greater numbers of ves-
sels develop in the tumor microenvironment. In the other type,
mature blood vessels in which ECs are covered with mural cells
are observed especially at the edge of the tumor, and the number
of vessels is low relative to the first type. We have now tested
the effect of 2-MCA on tumor angiogenesis in the first type using
the mouse colon cancer cell line, colon26. As shown in Fig. 3A,
blood vessels covered with mural cells are rare and angiogenesis
is robustly induced in this tumor. Four days after cell inoculation
into mice, we started to inject 2-MCA daily for 8 days and moni-
tored tumor growth by evaluating tumor volume. The results doc-
umented a clear tumor growth inhibitory action of 2-MCA (Fig. 3B).
Blood vessel formation was evaluated by dividing the area into
edge and center of tumor; vascular density was found to be de-
creased in both areas (Fig. 3C and D). 2-MCA did not show any sup-
pressive effects on proliferation of colon26 cells themselves in vitro
(Fig. 3E). These data suggest that 2-MCA inhibited tumor growth
by suppressing tumor angiogenesis.



Fig. 4. Effect of 2-MCA on tumor angiogenesis. (A) Blood vessel formation observed in tumors established by inoculation of HCT116 human colon cancer cells. Schedule and
doses of 2-MCA were the same as in Fig. 3. Tumors were dissected on day 8 (12 days after tumor cell inoculation) and sections were stained with anti-CD31 (green) and anti-
a-SMA (red) antibodies. Right panels show higher magnification of area indicated by dashed box in the left-hand side. Bars indicate 250 lm. (B) Effect of 2-MCA on tumor
growth. ⁄P < 0.05 (n = 3). (C) Quantitative evaluation of vascular density. The number of blood vessels in 5 random fields was counted. ⁄⁄P < 0.01. (D) In vitro proliferation
assay using HCT116 cells with DMSO or 30 lM 2-MCA.
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3.4. 2-MCA inhibits maturation of the tumor vasculature

Using the human colon cancer cell line HCT116 in a xenograft
model, we observed very few blood vessels in the center of the tumor
but mature vessels covered with mural cells were plentiful at the
periphery (Fig. 4A). To investigate whether 2-MCA affects matura-
tion of blood vessels in the tumor environment, we injected it using
the same schedule as described in Fig. 3B. Twelve days inoculation of
tumor cells, the tumor volume was significantly smaller in the 2-
MCA-injected group than in controls (Fig. 4B). Moreover, vascular
density was also significantly reduced in the 2-MCA-injected group
(Fig. 4A and C). The number of mature blood vessels that were still
present in 2-MCA-treated tumors was reduced. 2-MCA did not
mediate any direct suppressive effects on HCT116 cell proliferation
in vitro (Fig. 4D). These data suggest that 2-MCA affects the matura-
tion of blood vessels by inhibiting mural cell attachment.
4. Discussion

In this work, we screened natural products for Tie2 inhibitory
activity and isolated 2-MCA, a small molecule which inhibited
tumor growth by suppressing tumor angiogenesis. We cannot
completely exclude the possibility that 2-MCA also affected angio-
genesis by mechanisms other than Tie2 inhibition, but the finding
that 2-MCA blocked Ang1-mediated tube formation and barrier
formation implies that its inhibitory action on Tie2 must be at least
partly responsible for its suppression of tumor angiogenesis.

One of the objectives of the present study was to identify inhib-
itors that can block maturation of blood vessels as well as progres-
sion of sprouting angiogenesis. This aim arose from the evidence
that tumor repopulation is observed from the edge of the tumor
even under circumstances where tumor growth seemed to be com-
pletely inhibited by treatment with vascular disrupting agents
[18]. Similar evidence was also reported that invasion of cancer
cells is induced from the edge of the tumor after treatment with
angiogenesis inhibitors [19]. We previously reported that blood
vessels are fully mature at the edge of the tumor, unlike in its cen-
ter [14]. Therefore, invasion of cancer cells and repopulation of the
tumor after treatment with angiogenesis inhibitors seems to be
caused by the resistance of mature blood vessels in the tumor
rim to the action of anti-angiogenic drugs. In our present studies
using HT116 cells, the number of mature blood vessels in which
ECs were covered with mural cells at the edge of the tumor was
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reduced by 2-MCA treatment. Therefore, this agent is useful for
inhibiting maturation processes of the tumor vasculature during
tumor growth.

Constitutively active mutant Tie2 is seen in patients with hered-
itary venous malformation [15]. Recently, it has been reported that
Tie2 constitutively active due to somatic mutation is also found in
sporadic venous malformation [20]. Histopathological examination
revealed that blood vessels are dilated in a disorderly manner and
mural cell attachment is essentially absent in vascular lesions of
such patients. Akt activation via Tie2 activation induces matura-
tion of blood vessels. On the other hand, Erk activation via Tie2
activation induces angiogenesis. In the patients with constitutively
active Tie2, it is likely that the Erk pathway is strongly activated. As
reported here, 2-MCA could inhibit both Erk as well as Akt activa-
tion through Tie2 phosphorylation. Therefore, agents like 2-MCA
should also be effective for treating lesions in venous malformation
as well as tumor angiogenesis.

In terms of Tie2 inhibition, several lines of evidence from stud-
ies using soluble Tie2 receptors or aptamers have already sug-
gested that Tie2 inhibition could be effective for suppressing
tumor growth [21–23]. However, there is little data on using small
molecule Tie2 inhibitors to prevent tumor growth. Although many
kinase inhibitors for the VEGF receptor pathway have been devel-
oped, Tie2 inhibitors still require more developmental work for
expansion of their application to different therapeutic approaches.
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