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survival via targeting against human VEGFR and its
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YM Zhang1, BL Dai1, L Zheng1, YZ Zhan1, J Zhang1, WW Smith2, XL Wang1, YN Chen1 and LC He*,1

Colorectal cancer represents the fourth commonest malignancy, and constitutes a major cause of significant morbidity and
mortality among other diseases. However, the chemical therapy is still under development. Angiogenesis plays an important role
in colon cancer development. We developed HMQ18–22 (a novel analog of taspine) with the aim to target angiogenesis. We found
that HMQ18–22 significantly reduced angiogenesis of chicken chorioallantoic membrane (CAM) and mouse colon tissue, and
inhibited cell migration and tube formation as well. Then, we verified the interaction between HMQ18–22 and VEGFR2 by
AlphaScreen P-VEGFR assay, screened the targets on angiogenesis by VEGF Phospho Antibody Array, validated the target by
western blot and RNAi in lovo cells. We found HMQ18–22 could decrease phosphorylation of VEGFR2(Tyr1214), VEGFR1(Tyr1333),
Akt(Tyr326), protein kinase Ca (PKCa) (Tyr657) and phospholipase-Cc-1 (PLCc-1) (Tyr771). Most importantly, HMQ18–22 inhibited
proliferation of lovo cell and tumor growth in a human colon tumor xenografted model of athymic mice. Compared with normal
lovo cells proliferation, the inhibition on proliferation of knockdown cells (VEGFR2, VEGFR1, Akt, PKCa and PLCc-1) by HMQ18–
22 decreased. These results suggested that HMQ18–22 is a novel angiogenesis inhibitor and can be a useful therapeutic
candidate for colon cancer intervention.
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Angiogenesis is the process of new capillary formation from
pre-existing blood vessels and plays an important role in the
growth and spread of cancer.1–3 Previous studies suggest that
angiogenesis mediates tumor growth and metastases, and
that inhibition of new blood vessel formation by antiangiogen-
esis agents is an approach to fight cancer.3 As a target for
cancer chemotherapy, blocking angiogenesis could be a
strategy to arrest tumor growth.4 A number of antiangiogenic
agents have been reported to inhibit tumor angiogenesis such
as sorafenib and sunitinib.5 Sorafenib inhibits angiogenesis
via inhibition of VEGFR2, VEGFR3 and/or platelet-derived
growth factor receptor-b (PDGFR-b);6,7 sunitinib is a tyrosine
kinase (TK) inhibitor that targets VEGFR1 and VEGFR2,
PDGFR-a and b, c-KIT, and the FLT-3 and RET kinases.5,8

Vascular endothelial growth factor (VEGF) is one of the most
important regulators of angiogenesis and a key drug target in
anticancer treatment. VEGF binding to its receptor (VEGFR)
leads to cell proliferation and new vascular formation by TK
pathway. The VEGF/VEGFR pathway becomes an attractive
target for anticancer drug design.9 Ligands binding VEGFRs
in the cell membrane induces receptor dimerization and
activation of the latter, and autophosphorylation of specific
tyrosine residues within the dimeric complex.10,11 VEGF
primarily binds to three transmembrane receptors with
intracellular TK activity: VEGFR1 (Flt-1), VEGFR2 (Flk-1)

and VEGFR3 (Flt-4).12 Although both VEGFR1 and VEGFR2
are expressed in the vascular endothelium, the angiogenic
activities of VEGFs are transduced mainly through VEGFR2.
VEGFR2 is the predominant receptor in angiogenic signaling.
Its activation regulates endothelial cell migration, proliferation,
differentiation, survival as well as vessel permeability and
dilation. Activation of VEGFR1 mediates the growth and
survival effects of VEGF, so VEGFR1 may function as a
negative regulator of angiogenesis by binding VEGF and
preventing its binding to VEGFR2. VEGFR3 is predominantly
expressed on lymphatic endothelial cells.13 Recent research
on the VEGF/VEGFR pathway has led to the development of
novel antiangiogenic agents. Clinical trials have shown
inhibitors to this pathway are effective in reducing tumor size,
metastasis and blood vessel formation.14 There are various
molecular players and signaling cascades involved in the
VEGF/VEGFR pathway, such as the phosphatidylinositol 3-
kinase (PI3K)/AKT, Ras/Raf/mitogen-activated protein kinase
(MAPK) and phospholipase-Cg/protein kinase C (PLCg/PKC)
pathway. These signaling pathways regulate important
cellular functions including cellular proliferation, migration,
angiogenesis and apoptosis.15–18

HMQ18–22 (Figure 1) was a novel derivative of taspine.
Taspine was originally identified from a screen of Radix et
Rhizoma leonticis (Hong Mao Qi in Chinese) using cell
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membrane chromatography.19 We previously found that
taspine could enter cells and had good affinity to over-
expressed VEGFR cell membrane chromatography model
and displayed anticancer and antiangiogenesis properties
and therefore we used it as a leading compound for anticancer
agents development with the aim to increase activity and
solubility. A series of ring-opened and biphenyl derivatives
have been designed and synthesized using dissection
strategies.20,21 Among the derivatives, we found HMQ18–22
had good activity and inhibition on lovo cell. In the present
study, we investigated the effects and mechanisms of
HMQ18–22 on angiogenesis using tissue and cell model
in vitro and mouse models in vivo.

Results

HMQ18–22 inhibited the angiogenesis of CAM and
mouse colon tissue. To test the effects of HMQ18–22 on
chorioallantoic membrane (CAM) blood vessels, we treated
them with HMQ18–22 (0, 2.5, 5, 10 mg/per egg) for 72 h, and
found HMQ18–22 inhibited the CAM angiogenesis in a dose-
dependent manner (Figures 2a and b). The mean IC50 for
large vessels, small vessels and capillaries was 3.42 mg/egg.
In the negative group, rich blood vessels grew and the
density and area of the CAM blood vessels increased with
incubation time increased. HMQ18–22 inhibited the new
capillary vessels formation.

To assess whether HMQ18–22 alters microvessels growth,
we used rat colon tissues as a model. We dissected rat colon
tissues and subcultured the resultant cells. Microvessel
outgrowths of colon tissue in matrigel were increased with
the culture time increased (Figure 2ci–c5). Many new micro-
vessels grew after 5 days, and the density and area of the blood
vessels tended to increase after 7 days in the untreated control
group (Figure 2d), whereas microvessels were less in the
HMQ18–22-treated group (Figure 2c6–c8). HMQ18–22 at
concentrations of 4.0 and 16.0mmol/l significantly inhibited
microvessel outgrowths of colon tissue (Po0.05) (Figure 2e).

HMQ18–22 inhibited cell migration and tube formation.
To test the effect of HMQ18–22 on cell migration and tube

formation, HUVEC cells were induced by VEGF and treated
with vehicle or HMQ18–22. HUVEC cells were incubated on
matrigel for 48 h with VEGF, forming an extensive and
enclosed network of tubes. HMQ18–22 significantly
decreased the number of the tube structure (Figure 3a) at
the concentrations of 0.5–8.0 mmol/l, respectively. Further-
more, HMQ18–22 also inhibited the HUVEC cell migration
(Figure 3b). In addition, tube formation of colon tissue in the
fibrin matrices showed HMQ18–22 also inhibited the number
of the tube structure compared with untreated control tissues
(Figures 3c and d).

HMQ18–22 decreased phosphorylation of VEGFR2,
VEGFR1, Akt, PKCa and PLCc-1 involved in angiogen-
esis. HMQ18–22 decreased cell survival in lovo and
HUVEC cells, and showed dose-dependent inhibition on cell
growth (Figure 4a). It suggests that HMQ18–22 displays
antiproliferative effect on the lovo and HUVEC cells. The
lance assay was used to assess the effects of HMQ18–22 on
VEGFR2 kinase activity. The optimized used concentrations
of reaction system were as follows: VEGFR2 kinase
0.003767 ng/ml, ATP 1.332 mM and substrate 121.4 nM,
respectively. The IC50 of HMQ18–22 on VEGFR2 kinase
activity was over 5000 nM, suggesting that HMQ18–22 did
not alter VEGFR2 kinase activity effectively. The AlphaSc-
reen assay, an effective method for screening a broad range
of targets, was used to determine the effect of HMQ18–22 on
VEGFR. We found that HMQ18–22 acted on VEGFR by
inhibiting its phosphorylation (Figure 4b).

To further assess whether HMQ18–22 alters the down-
stream signaling events of VEGFR, a phospho-specific
antibody microarray (PVE185) targeting the VEGF Phospho
signaling pathway was used. This antibody array included 190
VEGF-related proteins (85 pairs), each with six replicates (raw
data in Supplementary Table 2). The paired antibodies for the
same (but unphosphorylated) target sites were also included
in the array to allow determination of the relative level of
phosphorylation. Using a cutoff ratio of 0.88, we identified five
pairs of phosphorylation sites of tyrosine, namely VEGFR2
(Tyr1214), VEGFR1(Tyr1333), Akt(Tyr326), PKCa (Tyr657) and
PLCg-1(Tyr771), were decreased by HMQ18–22 in lovo cell.

Figure 1 Diagram of the HMQ18–22 synthesis
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To validate the antibody array results, we tested the
phosphorylation status of VEGFR2(Tyr1214), VEGFR1
(Tyr1333), Akt(Tyr326), PKCa (Tyr657) and PLCg-1(Tyr771) in
lovo cell by western blot analysis. Phosphorylation of
Raf1(Tyr341) was not affected from the results of antibody
array, thus being used as the negative control protein.

HMQ18–22 significantly reduced the phosphorylation of
VEGFR2(Tyr1214), VEGFR1(Tyr1333), Akt(Tyr326), PKCa
(Tyr657) and PLCg-1(Tyr771) (Figure 4c). Therefore, the results
of microarray with western blotting verified that VEGFR2
(Tyr1214), VEGFR1(Tyr1333), Akt(Tyr326), PKCa(Tyr657) and
PLCg-1(Tyr771) were the targets of HMQ18–22.

Figure 2 HMQ18–22 inhibits angiogenesis in the CAM and colon tissues. (a) The representative images of CAM blood vessels (� 40 magnification): in the control group,
the blood vessels grew normally; CAM blood vessels in the HMQ18–22 (2.5, 5, 10 mg/egg)-treated group did not increase as quickly as that of the untreated group.
(b) Quantification of (a): compared with the negative control group, HMQ18–22 showed the inhibitory effect on the normal CAM angiogenesis in a dose-dependent manner.
*Po0.05 versus the untreated control group. (c1–c8) HMQ18–22 inhibited microvessel outgrowth of cultured colon tissues (� 100 magnification). (c1–c5) The untreated
control group (c1) day 5; (c2) day 7; (c3) day 9; (c4) day 11; (c5) The high magnification of the inset on the 11th day; (c6–c8) in the HMQ18–22-treated group, (c6) 4.0mmol/l
HMQ18–22 on day 5; (c7) 4.0mmol/l HMQ18–22 on day 11; (c8) The high magnification of the inset treated with 4.0mmol/l HMQ18–22 on day 11. Scale bar, 100mm.
(d) Quantification of microvessels in the control group with the increased days. (e) Quantification of microvessels in the HMQ18–22-treated group. Microvascular number
indicated the microvessel number grown from the rat colon tissues. Data were expressed as mean values±S.D. (n¼ 5). *Po0.05, **Po0.01 versus the untreated
control group
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To further assess the roles of VEGFR2, VEGFR1, Akt,
PKCa and PLCg-1 phosphorylation in cancer cell growth,
siRNA targeting these proteins were transfected into cells and
followed by HMQ18–22 treatment for 48 h. IC50 of HMQ18–
22 in survival of lovo cells transfected with siRNA targeting
VEGFR2, VEGFR1, Akt, PKCa and PLCg-1 was 59.66, 41.67,
88.79, 49.98 and 24.48 mM (Figure 4d), respectively, while
IC50 in untransfected control cells was only 14.01 mM
(Figure 4a).

HMQ18–22 inhibited tumor growth of xenografted model
in athymic mice. To further assess the effects of HMQ18–
22 on tumor growth in vivo, human tumor models xeno-
grafted in athymic mice were used (Figure 5a). HMQ18–22
significantly inhibited tumor growth in lovo xenografted
athymic mice. Compared with the untreated group,
HMQ18–22 significantly inhibited tumor growth at a rate of
21.25 and 44.84%, respectively. Furthermore, there was no
change in athymic mice body weight during the experiment

(the mean body weight at start was 21.14±1.32 g,
21.50±0.98 g and 21.71±1.16 g in the control group,
50.0 mg/kg and 100.0 mg/kg group, and at end was
25.51±2.95 g, 25.02±3.26 g and 25.92 ±4.65 g, respec-
tively), which suggested that the dose of HMQ18–22 did not
have a toxic effect on athymic mice. We further tested the
phosphorylation status of VEGFR2(Tyr1214), VEGFR1
(Tyr1333), Akt(Tyr326), PKCa (Tyr657) and PLCg-1(Tyr771) in
lovo tumor tissue of athymic mice by western blot analysis.
We found that HMQ18–22 significantly decreased the
phosphorylation of VEGFR2(Tyr1214), VEGFR1(Tyr1333),
Akt(Tyr326), PKCa (Tyr657) and PLCg-1(Tyr771) in tumor
tissues compared with the untreated group (Figure 5b).
Figure 5c indicated that the proteins phosphorylation of
VEGFR2, VEGFR1, Akt, PKCa and PLCg-1 in the HMQ18–
22-treated group were significantly downregulated in a dose-
dependent manner compared with the negative control
(Po0.05). The results were in line with the corresponding
data in lovo cells.

Figure 3 HMQ18–22 inhibited the migration and tube formation of cultured lung tissues and HUVEC cells. (a) Tube formation and quantitation data of tube formation of
HUVEC cells treated with vehicle or HMQ for 48 h. (b) Dose-response study of HMQ18–22 on the migration of HUVEC. (c) Effect of HMQ18–22 on the tube formation of colon
tissues (magnification � 100) and its quantitation data. Scale bar, 100mm. Data were expressed as mean values±S.D. (n¼ 5). *Po0.05, **Po0.01 versus the untreated
control group.
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Discussion

Colorectal cancer represents the fourth commonest malig-
nancy, and constitutes a major cause of significant morbidity

and mortality among other diseases. In this study, the novel
compound, HMQ18–22 (a novel taspine analog) significantly
reduced angiogenesis of CAM and mouse colon tissue,
inhibited cell migration and tube formation and decreased

Figure 4 HMQ18–22 inhibited cell viability and decreased phosphorylation of VEGFR2, VEGFR1, Akt, PKCa and PLCg-1 involved in angiogenesis. (a) HMQ18–22
decreased cell survival in lovo and HUVEC cells. (b) The AlphaScreen signal indicated HMQ18–22 decreased VEGFR phosphorylation. (c) Cell were treated with VEGF
(50 ng/ml) for 30 min before extracting proteins with RIPA lysis buffer. HMQ18–22 decreased the phosphorylation of VEGFR2(Tyr1214), VEGFR1(Tyr1333), Akt(Tyr326), PKCa
(Tyr657) and PLCg-1(Tyr771) by western blot analysis. On the contrary, the Raf1(Tyr341) phosphorylation was not altered by HMQ18–22. Results were quantified by
densitometry analysis of the bands form and then normalization to GAPDH protein. (d) Effect of HMQ18–22 on cells transfected with siRNAs targeting of VEGFR2, VEGFR1,
Akt, PKCa or PLCg-1. Quantification of RT-PCR data showed knockdown of VEGFR2, VEGFR1, Akt, PKCa and PLCg-1; the bottom right panel showed the effect of HMQ18–
22 on cells proliferation was attenuated in knockdown cells. Data were expressed as mean values±S.D. (n¼ 3). *Po0.05, **Po0.01 versus the untreated control group.
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phosphorylation of VEGFR2, VEGFR1, Akt, PKCa and
PLCg-1. Most importantly, HMQ18–22 inhibited tumor cell
growth in xenografted model in athymic mice. These results
suggest that HMQ18–22 can be a useful therapeutic
candidate for colon cancer intervention.

HMQ18–22 was synthesized by our group for cancer drug
development. Our data showed that HMQ18–22 significantly
blocked angiogenesis using CAM model. Angiogenesis plays
a vital role in growth, intravasation and metastatic spread of
cancer. Inhibition of angiogenesis provides a good chance of
preventing cancer from becoming malignant. Tumor angio-
genesis shows a markedly increasing proliferation of endo-
thelial cell and has significant functional and structural
differences in the vascular plexus. In solid tumors, angiogen-
esis is well characterized as a critical step for growth, invasion
and metastasis.3,22,23 To further validate our results of
HMQ18–22, we established a new colon angiogenesis tissue
model. In this model, the tissues cultured from colon were
grown in a three-dimensional matrix (usually fibrinogen or
matrigel). In this model, new capillary vessels erupted from
the tissue in matrigel, and new erupted endothelial cells grew
from tissues in fibrinogen proliferated and formed tube. These
results generated by total nutritive index difference between
fibrinogen and matrigel. The different type from the two culture
mediums in the colon tissue model could be used to assess
angiogenesis and tube formation at tissue and organ Level.
HMQ18–22 inhibited the sprouting of new vessel from the
tissue and tube formation by the erupted endothelial cells,
further supporting the notion that HMQ18–22 suppressed the
neovascularization.

The VEGF/VEGFR pathway was an important regulator in
tumor angiogenesis. It has led to the development of novel

antiangiogenic agents. The various downstream signaling
molecular players, such as PI3K/AKT, MAPK and PLCg/PKC,
have the specific functions including cellular proliferation,
migration, angiogenesis and apoptosis.16–18 Phospholipase
C-g 1(PLC-g1), a very important member of phospholipase C
(PLC) families, is upregulated in many cancer tissues and
cancer cell lines and has been found to participate in many
physical processes such as cell proliferation, motility, differ-
entiation, cytoskeleton rearrangement and so forth.24,25 There
is an intimate relation between PLC-g1 and PKCa. Activated
PLC-g1 can catalyze the hydrolysis of phosphatidylinositol
4,5-bisphosphate (PIP2) to inositol 1,4,5-triphosphate (IP3)
and diaeylglyeerol (DAG). DAG and IP3 are second messen-
gers to activate PKC. A decrease in the extent of tyrosine
phosphorylation of PLC-g1 has also been proved to be
positively regulated by PKCa.26,27 So, downregulation of
surface receptor expression represents a mechanism in which
decreased PLC might block PKC activation. Furthermore, in
the signaling pathway, PI3K/AKT mediated cell proliferation,
migration, invasion, angiogenesis and metastasis.28 Akt is a
kinase in the signal transduction, making it a potential target.
The Akt/PKB kinase has been implicated in the genesis and/or
progression of numerous human tumors, because AKT has a
wide range of downstream targets that regulate endothelial
cell functions such as migration, growth, proliferation and
apoptosis.29 HMQ18–22 acted on VEGFR and inhibited the
phosphorylation of VEGFR by p-VEGFR AlphaScreen assay.
However, VEGFR kinase activity was not affected by
HMQ18–22, indicating that the inhibition of VEGFR phos-
phorylation is not due to inhibition on kinase of VEGFR2
Kinase. Using a phospho-antibody array to screen the
potential target in the VEGF/VEGFR pathway, we found that

Figure 5 HMQ18–22 inhibited tumor growth in nude mice bearing human colon cancer xenografts. (a) The representative xenografts of lovo human colon cancer in mice.
(b) HMQ18–22 decreased the phosphorylation of VEGFR2(Tyr1214), VEGFR1(Tyr1333), Akt(Tyr326), PKCa (Tyr657) and PLCg-1(Tyr771) in the tumor tissues by western blot
analysis. (c) Quantitation data of (b). Data were expressed as mean values±S.D. (n¼ 3). **Po0.01 versus the untreated control
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the phosphorylation of VEGFR2, VEGFR1, Akt, PKCa and
PLCg-1 were inhibited by HMQ18–22. We further confirmed
the array data by western blots using antiphosphorylation
antibodies against VEGFR2, VEGFR1, Akt, PKCa and
PLCg-1 in culture cells and in vivo human colon cancer
mouse models. Knockdown of VEGFR2, VEGFR1, Akt,
PKCa or PLCg-1 by siRNA significantly attenuated tumor
inhibitory effects of HMQ18–22. Taken together, these
results suggest that HMQ18–22 inhibits tumor angiogenesis
and tumor growth by downregulating the phosphorylation
signaling of VEGFR2, VEGFR1, Akt, Raf1, PKCa and
PLCg-1. A compound exerts its action by entering the cell
or acting on the cell membrane receptor with good affinity. In
previous reports, taspine could enter the cell or act on the
cell membrane receptor determined by HPLC-MS and cell
membrane chromatography.30 HMG18–22 is a derivative of
taspine, so HMG18–22 should exert its inhibition and
downregulate the phosphorylation signaling by entering the
lovo cells and being with good affinity with VEGFR-1 and
VEGFR-2.

In conclusion, our results demonstrate that HMQ18–22
might be a novel angiogenesis inhibitor that reduces
angiogenic responses in vivo and in vitro by blocking VEGFR
signaling pathways. The effectiveness of HMQ18–22 in
disrupting colorectal tumor growth provides a promising
anticancer agent for further clinical trial for HMQ18–22 to
colorectal cancer treatment.

Materials and Methods
Reagents. HMQ18–22 was from the Research and Engineering Center for
Natural Medicine, Xi’an Jiaotong University. Trypsin and fibrinogen were from
Sigma (St Louis, MO, USA). Human VEGF was from Peprotech Asia (Rehovot,
Israel). WST, protease inhibitor cocktail and phosphatase inhibitor cocktail were
from Roche (Roche Tech., Mannheim, Germany). Fibrin matrices were from
Sigma and BD Matrigel Basement Membrane Matrix was from BD Biosciences
(San Jose, CA, USA). VEGFR2 kinase was from Carna Biosciences (Kobe,
Japan). HTRF VEGFR2 kinase kit was purchased from Cisbio (Codolet, France).
P-VEGFR2 AlphaScreen SureFire kit was purchased from Perkin-Elmer (Boston,
MA, USA). Anti-phospho-VEGFR2 (Tyr1214), anti-phospho-VEGFR1 (Tyr1333),
anti-phospho-Akt (Tyr326), anti-phospho-PKCa (Tyr657), anti-phospho-PLCg-1
(Tyr771) and anti-phospho-Raf1 (Tyr340/Tyr341) were purchased from Cell
Signaling (Cell Signaling Tech., Danvers, MA, USA). Rabbit anti-GAPDH was
purchased from Santa Cruz Biotech (Santa Cruz, CA, USA). Rabbit anti-mouse
IgG, goat anti-rabbit IgG, BCA protein assay reagent kit and enhanced chemi-
luminescent (ECL) plus reagent kit were obtained from Pierce (Pierce Biotech,
Rockford, IL, USA). Total RNA extracted kit was from Fastagen (Fastagen, China).
Revert AID First-strand cDNA synthesis kit was from Fermentas (Hanover, Lithuania).
RNAi was from Fermentas. Other reagents used were analytical grades.

Animals and cell culture. In all, 6–8 weeks ALB/C nude male mice were
used for all experiments and each procedure was approved by the regional
authorities according to China animal-care regulations. Lovo cells from Shanghai
Institute of Cell Biology in the Chinese Academy of Sciences were maintained in
RPMI1640 with 10% FBS. HUVEC from ATCC was cultured in F-12K media
supplemented with 0.1 mg/ml heparin, 0.5 mg/ml endothelial cell growth
supplement (ECGS) and 10% FCS.

CAM assay. CAM was prepared as described.31,32 Briefly, a circular window
was opened aseptically on the egg shell, and the eggs were replaced into the
incubator for 24 h 10ml HMQ18–22 was added to the CAM surface in every egg.
Doses of 2.5, 5 and 10mg/egg were used here. At least 10 eggs were used for
each sample dose. The embryos were further incubated for 72 h after
administration. The anti-angiogenic response was assessed by counting. Five
randomly chosen fields were evaluated for each specimen. The total vessels

number of large vessels, small vessels and capillaries in the fields were counted,
and the mean values±S.D. were calculated. The large, small vessels and
capillaries meant the main blood vessels, vessels grown from main blood vessels
and vessels grown from small vessels. The inhibitory effect on blood vessels could
be observed by comparing the vascular change between the HMQ18–22 group
and the negative control group.

Angiogenesis and tube formation of mouse colon tissue. An
assay of mouse colon tissue co-cultured was used as the in vitro angiogenesis
model. For preparation of fibrin matrices and matrigel, 3 mg/ml solution of
fibrinogen containing 300mg/ml e-aminocaproic acid (in DMEM) and matrigel (in
DMEM) was incubated on ice for 10 min. A sandwich structure was prepared in the
24-well plate (Costar, Corning, NY, USA). The colon tissues of mouse were cut
into 0.5–1.0 mm3 tablets, placed into the sandwich structure, and covered with
DMEM medium containing 20% bovine serum and HMQ18–22 (1.0, 4.0,
16.0 mmol/l) or vehicle alone. The sprouting vessels and tube formation were
recorded and analyzed. The sprouting vessels and tube formation were assessed
by counting. Five randomly chosen fields were evaluated. The total sprouting
vessels and tube structures in the fields were counted, and the mean
values±S.D. were calculated.

Tube formation assay. A 48-well plate coated with 0.2 ml matrigel per well
was allowed to solidify at 37 1C for 1 h. Each well was seeded with 1� 104

HUVEC and cultured in DMEM containing 50 ng/ml VEGF at various
concentrations (1.0, 2.0, 4.0mmol/l) of HMQ18–22 or vehicle alone for 48 h.
The enclosed networks of tubes were photographed from five randomly chosen
fields under a microscope.

Migration assay. A cell migration assay was performed using a transwell
system, which allows cells to migrate throughout an 8-mm pore size polycarbonate
membrane of millicell.33,34 HUVEC cells were plated (104 cells/well) in medium
containing HMQ18–22 at concentrations of 0.5, 1.0, 2.0, 4.0, 8.0mmol/l in the
upper chamber of a 12-well plate. The lower chamber was filled with 1.5 ml
medium containing 10% FBS. After 48 h, cells remaining on the upper surface of
the membrane were scraped and the cells on the lower surface of the membrane
were fixed with cold methanol for 15 min and stained with 0.2% crystal violet. Cells
that had migrated to the bottom of the membrane were visualized and counted
using an inverted microscope. For each repetition, cells in five randomly selected
fields were counted and averaged. Data were expressed as a ratio to the
untreated group.

Lance assay for VEGFR2 kinase activity. VEGFR2 kinase was
determined by lance assay. In all, 2 ml kinase and 2ml substrate were added to
the 384-well plate, and HMQ18–22 at various concentrations was then added to
the assay plate. In all, 2ml ATP was added and the reaction was allowed to
proceed at 37 1C for 30 min. The TK-antibody labeled with Eu3þ -cryptate and
streptavidin-XL665 was then added with EDTA to detect the phosphorylated
product at room temperature for 1 h. Then, the fluorescence of the resulting
solution was measured at 665 and 615 nm using the plate reader of Perkin-Elmer
victor 5. The kinase activity was expressed by the ratio of A665� 104/A615.

AlphaScreen P-VEGFR assay. AlphaScreen assays for p-VEGFR
proteins were carried out using SureFire assay kits (Perkin-Elmer). Lovo cells
were seeded at a density of 1� 104 cells per well in 96-well plates, HMQ18–22 at
various concentrations (2, 4, 8, 16mmol/l) was added to the wells for 48 h. The
cells were treated with 100 ng/ml VEGF 15 min after serum starving overnight,
lysed and agitated. Then, the reactions were carried out according to the assay kit
instructions. The plates were read on an Enspire by Reader (Perkin-Elmer) using
standard AlphaScreen settings.35,36

VEGF phospho antibody microarray analysis. The expression profile
of VEGF phospho-related proteins was detected and analyzed using a human
VEGF Phospho Antibody Array kit (PVE185, Fullmoon Biosystems, Sunnyvale,
CA, USA). Protein microarray analysis was carried out using the protocol provided.
Briefly, protein was extracted, lysate was purified and then the protein was labeled
by biotinylation. The resulting biotin-labeled proteins were diluted 1:20 in coupling
solution before being applied to the array for conjugation. To prepare the antibody
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microarray, it was blocked for 30 min, then dried and the array was incubated with
the biotin-labeled cell lysates at 4 1C. After the array slide was washed three times,
the conjugation-labeled protein was detected by Cy3-Streptavidin. The analyzed
results were expressed by the ratio of phosphorylation/unphosphorylation.37,38

Cell viability assay. Lovo cells (1� 104) and HUVEC (5� 104) were
cultured in 96-well microtiter plates, and fresh medium with or without HMQ18–22,
was added for 48 h. Cell proliferation reagent WST-1 was added and incubated at
37 1C and 5% CO2 for 1 h. Absorbance was then measured at 440 nm with a
microplate reader (Bio-Rad, Hercules, CA, USA).

Transient transfection of siRNA. For in vitro knockdown experiments,
a smart pool of double-stranded siRNA against VEGFR2, VEGFR1, Raf, PLCg and
PKCa as well as nonspecific siRNA was obtained from Shanghai GenePharma for
transfection, siRNA was delivered at a final concentration of 50 nM using Lipofect-
amine 2000 reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions.39,40 The sense and antisense sequences were in Supplementary Table 1.
We incubated the cells for 24 h to allow knockdown of VEGFR2, VEGFR1, Raf,
PLCg and PKCa. These cells were used for proliferation assays.

Western blot analysis. The tissues isolated from nude mice treated with or
without HMQ18–22 and lovo cells treated with or without HMQ18–22 for 48 h were
prepared by extracting proteins with RIPA lysis buffer containing protease inhibitor
cocktail and phosphatase inhibitor cocktail on ice. Cell lysates were analyzed for
western blot analysis with primary antibodies [VEGFR2(Tyr1214), VEGFR1
(Tyr1333), Akt (Tyr326), PKCa (Tyr657), PLCg-1(Tyr771) and Raf1(Tyr341)], followed
by enhanced chemiluminescence.41 The protein expression was analyzed using
Quantity one, 1-D analysis software (Version 4.4, Bio-Rad).

Xenografted model in athymic mice. Tumors were induced in nude
mice (male immune-deficient BALB/C nude mice) by subcutaneous flank
inoculation of 0.2 ml lovo cell of 2� 107 cell/ml. Tumors were measured once
every 3 days and tumor volumes (Vt) [(l�W2)/2] were calculated from caliper
measurements. Mice were treated with HMQ18–22 (50.0 and 100.0 mg/kg in 0.5%
CMC-Na; n¼ 8) or vehicle alone (0.5% CMC-Na; n¼ 8) by intragastric
administration. After 14 days, mice weight and tumor volume were recorded.
The Institutional Animal Care and Use Committee approved all of the procedures
performed in this study.

Statistical analysis. Statistical analyses of differences between the groups
were performed with ANOVA by Student’s t-tests. A P-value o0.05 was
considered statistically significant.
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