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Short Communication

Inhibition of VEGF mediated post receptor signalling pathways
by recently developed tyrosine kinase inhibitor in comparison with

sunitinib
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Abstract. Inhibition of angiogenesis involves blocking of tyrosine kinases (TK) implicated in sig-
nalling of vascular endothelial growth factor receptors (VEFGR). The inhibition of TK results in
adisruption of Ras/Raf/MEK/ERK1/2 and PI3K/Akt signalling pathways. We evaluated recently de-
veloped TK inhibitor 22SYM and compared its anti-angiogenic effects with an approved multitargeted
TK inhibitor sunitinib L-malate (sunitinib). Both compounds significantly inhibited migration
and proliferation of human umbilical vein endothelial cells and ERK1/2 and Akt phosphorylation
induced by VEGE. The lower inhibitory activity of 22SYM probably reflects its lower bioavailability
and higher specific binding to VEGFR2 TK, which may decrease its potential side effects and toxicity

in comparison with sunitinib.
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Angiogenesis, the formation of new blood vessels from pre-
existing vasculature is a complex process, which includes
endothelial cell proliferation, migration, differentiation and
basement membrane degradation (Carmeliet and Jain 2000).
Under physiological conditions it has an essential role in
development, reproduction and tissue repair. By contrast,
pathological angiogenesis is involved in tumour growth and
metastases (Folkman 2007).

The major regulators of both physiological and patho-
logical angiogenesis are vascular endothelial growth factors
(VEGFs), among which VEGF-A plays the most important
role (Ferrara 2010). VEGFs can act via several tyrosine
kinase (TK) receptors among which VEGFR?2 is essential
for endothelial cell biology. VEGFs are mitogenic for en-
dothelial cells and stimulates their proliferation and migra-
tion through VEGFR2-induced activation of the Ras/Raf/
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MEK/ERK1/2 pathway (Zachary 2001). Another important
pathway responsible for cell survival is the phosphatidyli-
nositol 3-kinase (PI3K)/Akt signal transduction pathway
since Akt phosphorylates Bcl-2 associated death promoter
and caspase 9 and thereby inhibits their apoptotic activity
(Cantley 2002).

Activation of VEGFR2 by VEGF-A modulates signalling
pathways and biological processes, which have a crucial role
in tumour angiogenesis and therefore VEGF-A/VEGFR2
are the main targets to diminish tumour neovascularisation.
Anti-angiogenic therapy has been developed with the aim
to act against tumour activated endothelial cells instead of
cancer cells (Faivre et al. 2007). Recently, two approaches
have been used to inhibit angiogenesis. The first approach
involves inhibition of pro-angiogenic growth factors with
monoclonal antibody and the second approach involves
multitargeted TK inhibitors, such as sunitinib L-malate
(Sutent®, 2006 Pfizer; later mentioned as sunitinib), which
binds to VEGFR TK and other TK (Faivre et al. 2007). The
advantage of multitargeted anti-angiogenic therapy consists
in a disruption of several independent biological pathways,
which are vital for tumour proliferation and metastasis (Ivy
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et al. 2009). Although a number of anti-angiogenic inhibi-
tors is available, currently used compounds failed to meet
original expectations and there is still a need to develop new
and more effective small TK inhibitors.

The aim of the present study was to evaluate mechanisms
of anti-angiogenic activity of newly developed TK inhibitor
22SYM and compare its efficiency with the approved mul-
titargeted tyrosine kinase inhibitor sunitinib.

Human umbilical vein endothelial cells (HUVECs) were
isolated from a fresh umbilical cord and cultured in endothe-
lial cell growth medium (ECGM) with growth supplements
(PromoCell, Germany). Cultures were maintained in a 5%
CO, humidified incubator at 37°C.

Migration and proliferation of cultured HUVECs were
determined by wound healing assay. The cells were cultured
in 24-well plates (TPP, Switzerland) coated with 1.5% gela-
tine (Sigma-Aldrich, USA). After reaching 80% of conflu-
ence, the culture medium was replaced with the starvation
medium (M199 containing 2% fetal bovine serum, 5 UI/ml
of heparin and antibiotics). After 17 h, monolayer of each
well was wounded and cells were incubated in the starva-

tion medium containing 40 ng/ml VEGF 45 (Sigma Aldrich,
USA) and indicated concentrations of sunitinib or 22SYM.
The recovered area was observed with an inverted optical
microscope Olympus IMT2 (Olympus, Japan) and recorded
by a camera system Moticam 1000 (Motic Incorporation,
Hong Kong) at zero time and after 9 h of incubation. Pho-
tographs were evaluated by software Motic Images Plus 2.0
(Motic Incorporation, Hong Kong).

In further experiments HUVECs at passage 1-2 were
used. They were cultured in 6-well plates to reach conflu-
ence. Subsequently ECGM was replaced with the starvation
medium for 17 h and cultured in the starvation medium
containing indicated concentrations of sunitinib or 22SYM
for 1 hour. Afterwards, the cells were treated with 40 ng/ml
of VEGF¢5 for 10 min and lysed in a lysis buffer. Proteins
were separated in SDS-PAGE and transferred to a polyvi-
nylidene fluoride (PVDF) membrane (Pall Incorporation,
Austria). Blots were probed with anti-phospho-p44/42
MAPK (ERK1/2), anti-p44/42 MAPK (ERK1/2), anti-
phospho-Akt, anti- Akt and peroxidase-labelled anti-rabbit
and anti-mouse secondary antibodies. All antibodies were
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Figure 1. The intensity of HUVECs migration and pro-
liferation 9 h after treatment with sunitinib and 22SYM.
A. Confluent HUVECs monolayers were wounded
17 h after starvation in a fresh starvation medium with
indicated concentrations of sunitinib and 22SYM in
the presence of 40 ng/ml VEGF¢s. Photographs were
taken at the beginning and after 9 h of incubation. White
dashed lines indicate the edge of wounds. The line situat-
ed on the right down in each picture indicate the wound
edge scale (bar = 300 um). B. The regrowth of HUVECs
into the cell-free area was measured after 9 h. Percentage
of recovered area are expressed as mean + SEM for n = 8.
** p <0.01, ¥ p < 0.001 for indicated groups; +++ p <
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0.001 VEGF stimulated (control) group compared to
10 uM sunitinib, 1 pM sunitinib and 100 uM 22SYM;
## p <0.01 VEGF stimulated (control) group compared
to 0.1 uM sunitinib and 10 pM 22SYM.
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obtained from Cell Signaling Technology (USA). Proteins
were detected using enhanced chemiluminescence reagent
ECL Prime™ (Amersham Biosciences, UK) and developed
on Amersham Hyperfilm (Amersham Biosciences, UK).
The ratio between density of total and phosphorylated
forms of proteins was determined using Quantity One
software (Bio-Rad, USA).

Data were analysed statistically with one way ANOVA
followed by a post hoc test (p < 0.05 considered as signifi-
cant).

In the wound healing assay VEGF 45 significantly
stimulated recovery of wounded area after 9 h (Fig. 1).
Sunitinib as well as 22SYM inhibited migration and
proliferation of HUVECs in a dose dependent manner.
Similar wound recovering areas (61 + 2% and 64 + 3%)
were observed after treatment with sunitinib at 0.1 pM
and 22SYM at 10 uM concentrations suggesting that
22SYM is a weaker inhibitor than sunitinib in the wound
healing assay.
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Both compounds suppressed VEGF-induced phospho-
rylation of Akt in a dose-dependent manner. Suppression
of ERK1/2 by both compounds was greater than that of Akt
(Fig. 2). Sunitinib in concentration 10 uM inhibited ERK1/2
phosphorylation at 95% and Akt at 85% as compared with
the VEGF stimulated control. 22SYM in concentration
10 uM inhibited phosphorylation of ERK1/2 at 82% and
phosphorylation of Akt at 45% in comparison with the VEGF
stimulated control (Fig. 2A).

Blockade of angiogenesis is an important therapeutic
strategy for cancer treatment. In this process, inhibition of
endothelial cell proliferation, migration, survival and tumour
vessel maturation is crucial (Carmeliet and Jain 2000). It is
also well known that multikinase inhibitors like sunitinib
inhibits ERK1/2 and Akt signalling pathways in cancer cell
lines and has direct antitumour activity (Faivre et al. 2007).
In this study we demonstrate that 22SYM inhibits VEGEF-
induced signalling pathways responsible for cell prolifera-
tion, migration and survival in HUVECs.
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Figure 2. Inhibition of ERK1/2 and Akt phosphorylation after administration of indicated concentrations of sunitinib and 22SYM in
the presence of 40 ng/ml VEGF4s5. A. The ratio between density of total and phosphorylated forms of ERK1/2 and Akt expressed as
the mean percentage of VEGF-stimulated group (control) £ SEM for n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001 for indicated groups;
**+* p < 0.001 VEGF stimulated (control) group compared to 10 uM sunitinib, 1 uM sunitinib and 100 uM 22SYM; ** p < 0.01 VEGF
stimulated (control) group compared to 0.1 uM sunitinib and 10 uM 22SYM. B. Representative Western blot illustrating density of total
and phosphorylated forms of ERK1/2 and Akt after administration of sunitinib and 22SYM.
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Our observations showed a dose-dependent decrease of
phosphorylation of Akt and ERK1/2 kinases in HUVECs.
For the first time we compared properties of new compound
22SYM with clinically approved anti-angiogenic inhibitor
sunitinib.

Our results showed that 22SYM as well as sunitinib
inhibit both ERK1/2 and Akt phosphorylation. However,
both inhibitors did not affect both cascades with the same
power. The novel angiogenesis inhibitor 22SYM acts pre-
dominantly by inhibition of VEGFR2-mediated pathways
(Lintnerova et al. 2014) but post-receptor steps have not been
characterized yet. Our results demonstrated that the inhibi-
tion of phosphorylation of both kinases Akt and ERK1/2 is
involved. Sunitinib modulates an activity of different TKs
including VEGFR1, VEGFR2, VEGFR3 and other growth
factors (Mendel et al. 2003). In contrast to sunitinib, 22SYM
is recently developed TK inhibitor (IC5y = 15.3 nM, VEGFR2
TK) derived from oxazolamine compound AAZ that inhibits
selectively VEGFR2 TK (Lintnerova et al. 2014).

Our results demonstrating inhibition of ERK1/2 and Akt
phosphorylation are in line with anti-angiogenic activity of
22SYM based on inhibited migratory capabilities of bovine
endothelial cells in the wound healing assay and in vivo an-
giogenesis in the Zebrafish embryo assay (Lintnerova et al.
2014). In summary, the present study showed that 22SYM
inhibits proliferation and migration of HUVECs stimulated
by VEGF-A, and proved that 22SYM inhibits phosphoryla-
tion of Akt and ERK1/2. Our results suggest that 22SYM pos-
sesses potent anti-angiogenic activity through inhibition of
the Ras/Raf/MEK/ERK1/2 and PI3K/Akt dependent signal
pathways. Lower inhibition of 22SYM in comparison with
sunitinib in the wound healing HUVECs assay can reflect
its higher specific action as well as a lower bioavailability
of 22SYM because it was optimized for sunitinib before its
clinical registration. However, specific binding of 22SYM to
VEGFR2 TK may decrease potential side effects and toxicity
in comparison with multi kinase inhibitors.
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