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Abstract: Tumor induced angiogenesis is an attractive target for anti-cancer drug treatment. Scutellarin, which is a
native compound derived from scutellaria altissima leaves, has already been proved to possess anti-tumor activi-
ties. Nevertheless, their effects in colorectal cancer metastasis and angiogenesis have not been evaluated. In order
to reveal the anti-angiogenic and anti-metastasis capacity of scutellarin, wound healing and Transwell chamber
inserts invasion were done in colorectal cancer cells, and cell proliferation as wells colony formation were conducted
to identify the proliferation inhibition of colorectal cancer in vitro. The growth inhibition of scutellarin was further
definite by a mouse colorectal xenograft model in vivo. Herein, we demonstrated scutellarin suppressed colorectal
cancer cell viability and colony formation in vitro, and remarkably reduced tumor growth in vivo mouse xenografts.
Additionally, scutellarin restrained colorectal cancer cells-induced angiogenesis, inhibited human umbilical vascular
endothelial cells (HUVECs) migration, tube formation of HUVECs, and micro-vessel formation in chick embnyo cho-
rioallantoic menbreme (CAM) assay. Altogether, our results exhibited the evidence that scutellarin inhibit colorectal
cancer angiogenesis and metastasis via targeting ephrinb2 signaling, with the potential of an anti-tumor agent for
cancer treatment.
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Introduction diet high in soy; the incidence of clinical CRC in
Asians is low. However, the incidences of CRC in
Asians who immigrate to the United States and
adopt a Western diet increased. These findings

suggest that diet habits influence the CRC mor-

Colorectal cancer (CRC) is one of the leading
causes of cancer-related mortality worldwide
[1]. The 5 year survival rate approximate 90% in

patients with early stage CRC, whereas the rate
less than 20% for those patients with metastat-
ic CRC. Hence, colorectal cancer metastasis is
the main determinant of survival of patients [2].
Currently, there are no effective therapeutic
strategies that selectively inhibit colorectal
cancer cells metastasis. Therefore, the exploi-
tation and optimization of a safe and effective
agent that be able to directly inhibit CRC metas-
tasis remains a definite goal. It is well known
that that there is a wide variation in cancer
morbidity among different countries [3]. On
account of historically consumed a traditional

bidity, and soy consumption may be in part
responsible for reducing the morbidity of CRC
[4]. Further, a great deal of epidemiologic evi-
dence implies that soy-rich diet is relevant to an
overall low mortality of patients with CRC.

Across series of experimental models, scutella-
rin has been certified possess anti-cancer
activity, typically relative to suppression of cell
growth and/or induction of tumor cells apopto-
sis [5]. In CRC, scutellarin inhibits cell prolifera-
tion, and triggers G2/M phase cell cycle arrest
and induces apoptosis [6]. In addition, scutel-
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larin epigenetic modulate DNA, including DNA
promoter methylation and histone modifica-
tion, bringing about altered expressions pat-
tern of miRNA [7]. However, the effects of scu-
tellarin are in a concentration dependent man-
ner and the most of these effects are observed
in conjunction with the high concentrations of
scutellarin [8]. At lower concentrations, scutel-
larin has been proven to inhibit prostate cancer
cell motility and metastasis. Nevertheless, the
detail role of scutellarin in other cancers
remains to be amplified [9]. Therefore, we con-
ducted the current study to reveal whether scu-
tellarin inhibit human colorectal cancer growth
and metastasis. Furthermore, owing to the
complexity of cancer cells metastasis and our
goal to successfully target it in cancer treat-
ment, we attempted to analyze the basic
molecular mechanisms of scutellarin in
anti-cancer.

Cancer cell metastasis is a complex process,
which consists of a cascade of sequential steps
involving cellular mobility, invasion adhesion,
movement through the circulatory system, and
re-implantation within a separate organ. In the
metastasize process, cancer cells need con-
quer three major obstacles. First: cancer cells
attachment to the extracellular matrix, such as
the basement membrane. Second: cells secret
proteases that induce local degradation of the
extracellular matrix. Third: cancer cells migrate
and invasion through matrix. Increased cell
migration and invasion are essential character-
istic of the metastatic phenotype, and are nec-
essary for successfully initiate the metastatic
cascade. Based on above, the ability to inhibit
cancer cells migration and invasion would
remarkably prevent the metastasis. In the pres-
ent study, we demonstrated the suppressive
activities of scutellarin on colorectal cancer
cells growth, angiogenesis and metastasis, and
revealed the effects of scutellarin on those pro-
cesses was partly through inhibiting ephrinb2
signaling.

Methods
Cells culture and cell proliferation assay

Colorectal cancer cell lines (SW620, HCT116,
LOVO and HT29) were purchased from Cell
Bank of Type Culture Collection of Chinese
Academy of Sciences (Shanghai, China). Cells
were cultured in DMEM or 1640 medium sup-
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plemented with 10% FBS. MTT assay was con-
ducted to assess cells viability after scutellarin
treatment. Cells (1000 cells/well) were seeded
into 96-well plate. After 24 h, fresh medium
containing various concentrations of scutellarin
was added and cultured for another 24 h. Cells
absorbance were assessed using a Varioskan™
Flash Multimode Reader (Thermo Fisher
Scientific, MA, USA) at 490 nm. A constitutively
active ephrinb2 plasmid was provided by Dr.
Michael Tsang. Transfection was performed
with lipofectamine 2000 (Thermo Fisher
Scientific, MA, USA).

Colony formation assay

Cells were pretreated with scutellarin for 24 h.
Then cells (1000 cells/well) were seeded into
6-well plate. After two weeks, the cell colonies
were stained with 0.1% crystal violet and the
visible cell colonies were counted [10].

Transwell invasion assay

Cells were pre-treated with 0.5, 1 and 2 yM
scutellarin for 24 h. Then 3,000 cells were
seeded into the upper chamber of Transwell,
which was pre-coated with Matrigel. Media with
10% FBS was placed into the lower chamber of
Transwell. After culture for 24 h, non-invaded
cells on the upper surface of the membrane
were removed and cells on the lower surface of
the membrane were stained with 0.1% crystal
violet. Photographs of 5 random fields from
each group were recorded, and the number of
the invaded cells was counted [11].

Wound healing assay

Cells were pre-treated with 0.5, 1 and 2 yM
scutellarin for 24 h. Then, the confluent mono-
layer of cells was wounded by tip. Fresh media,
containing either scutellarin or DMSO, were
then added. For each well, 3 pictures were
taken with a microscope at two time points (O
and 24 h) after scratching. The wound closure
was represented by the percentage of the non-
covered wound area base on the wound area at
O h[12].

Tube formation assay

1 x 10*/well HUVECs were seeded into 96-well
plates that pre-coated with Matrigel. HUVECs
were seeded in wells that containing different
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culture media from control HCT116, or cells
treated with various concentrations of scutel-
larin. The HUVECs were incubated for 6 h, and
tube formation ability was quantified by count-
ing the total number of complete tubes per well
[13].

Angiogenesis assay on chicken chorioallantoic
membrane (CAM)

Fertilized chicken eggs were obtained from
chicken house of Nanjing Qinglongshan
(Nanjing, Jiangsu, China). On day 8, an air sac
was created and a small window in the shell
was cut. HCT116 cells culture medium were re-
suspended in sterile filter paper. Then, papers
were placed onto the CAM. The implanted
paper was photographed 5 days after implanta-
tion, and the branching of blood vessels was
counted [14].

Murine model of colorectal cancer cells metas-
tasis

All the experiments involving animals were
reviewed and approved by Animal Care and Use
Committee of Nanjing University of Chinese
Medicine. Balb/c nude mice were purchased
from Vital River Laboratories (Beijing, China). 3
x 10° HCT116 cells were subcutaneously
injected on each flank and mice were separat-
ed into four groups including, vehicle control, 5,
10 and 20 mg/kg/d scutellarin. The tumor vol-
ume was calculated as 0.5 x (width)? x (length)
and the weight of orthotopic tumor was mea-
sured. Formalin-fixed paraffin-embedded tumor
tissues were subjected to immunohistochemi-
cal staining with Ki67 and CD34. In vivo metas-
tasis analysis, HCT116 cells were injected into
Balb/c mice via the tail veins. Mice were ran-
domly divided into 2 groups and administrated
with vehicle or 10 mg/kg scutellarin. After daily
administration for 21 days, mice were sacri-
ficed and lungs were fixed and conducted to
H&E staining for counting metastasis loci [15].

PCR array

Human tumor metastasis PCR array was pro-
vided by Kangchen Bio-tech Inc (Shanghai,
China). RNA was extracted using TRIZOL®
reagent (Invitrogen, Carlsbad, CA, USA), and fol-
lowed by synthesis into cDNA using SuperScript.
The mixture of cDNA and a 2 x Super array PCR
master mix was added into the the PCR array
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plate containing the gene-specific primer sets.
The ACt value of each metastasis-associated
gene in each group was calculated and the dif-
ferential expression of each gene was mea-
sured according to “2Ct. The fold-change in dif-
ference between the scutellarin treated cells
and DMSO treated control cells were comp-
ared.

Western blotting

Protein samples were prepared using RIPA lysis
buffer. Proteins were separated by 10% SDA-
PAGE and were transferred to PVDF membrane.
After blocking with 5% non-fat milk at RT, the
PVDF was incubated with anti-GAPDH (CST,
Danvers, MA, USA) or anti-ephrinb2 (Santa
Cruz, Delaware, CA, USA) at 4°C overnight. Goat
anti-rabbit secondary antibody (Boster, Wuhan,
Hubei, China) was used to incubate the PVDF
for 1 h and enhanced chemiluminescence was
used to visualize target proteins in BIO-RAD
ChemiDoc XRS Imaging system.

Statistical analysis

Results were presented as the mean * SD
and analyzed by two-sided Student’s t test.
P-values less than 0.05 considered statistical
significant.

Results

Scutellarin inhibits CRC cell growth and metas-
tasis in vitro

To evaluate the anti-cancer effect of scutellarin
in CRC, four colon cancer cell lines (HCT116,
LOVO, SW480 and HT29) were used in cells
proliferation assays. As shown in Figure 1A, we
found that scutellarin inhibited CRC cells prolif-
eration in a dose responsive manner. The IC50
values from each CRC cell line were calculated,
showing that scutellarin exerted 50% inhibition
in four CRC cell lines under 10 uM. We further
corroborated its anti-cancer effect by perform-
ing colony formation analysis in vitro. After 24 h
pre-treatment with various concentrations of
scutellarin, the cells were cultured for 14 days.
As depicted in Figure 1B, scutellarin markedly
suppressed HCT116 and LOVO cells colonies
formation in a concentration dependent man-
ner. In order to determine the effect of scutel-
larin on both HCT116 and LOVO cell migration
and invasion in vitro, HCT116 and LOVO cells
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Figure 1. Scutellarin inhibits CRC cell growth and mobility. A. HT29, HCT116, LOVO and SW480 cells were exposed with scutellarin, and cell viability were measured.
Data are the mean + SD. B. Scutellarin inhibited colony formation of CRC cells. One day after pre-treatment various concentrations of scutellarin, cells were plated
into 6-well plate cultured for 14 days and cells colonies were counted. Data represented the mean + SD. *p < 0.05, **p < 0.01 compared to control. C. Transwell
analysis was conducted to determine the invasion of CRC cells. Cells invaded the Transwell membrane were counted. *p < 0.05, **p < 0.01 compared to control.
D. Cells were pre-treated with scutellarin for 24 h, the wound were created and percentage of wound closure over 24 h was measured. *p < 0.05, **p < 0.01 com-
pared to control.
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Figure 2. Effect of scutellarin on tumor growth and angiogenesis in vivo.A. Treatment with scutellarin was initiated
when tumor volumes reached 100 mm?3. Tumor weights were measured at the end of the experiment. B. 1 x 10°
HCT116 cells were s.c. injected and nude mice were oral administrated with the scutellarin. Xenograft tumor vol-
umes were measured three times a week by a caliper. C. Immunohistochemical analysis showed that scutellarin
inhibited Ki67 positive cells in colorectal cancer xenografts (upper panel). Immunohistochemical analysis showed
that scutellarin inhibited CD34-positive blood vessels in colorectal cancer xenografts (lower panel). *p < 0.05, **p
< 0.01 vs. vehicle. D. Representative picture of the lungs from mice injected intravenously with HCT116 cells after
treatment with vehicle or 10 mg/kg scutellarin. *p < 0.05, compared to vehicle.

were treated with scutellarin. As shown in
Figure 1C, scutellarin remarkably inhibited both
HCT116 and LOVO cells invasion in vitro.
Furthermore, we confirmed the effects in the
wound closure analysis. As shown in Figure 1D,
the wound assay result suggested that scutel-
larin significantly inhibits wound closure. Alto-
gether, these results demonstrated that scutel-
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larin inhiited CRC cells proliferation, mobility
and invasion in vitro.

Scutellarin suppresses CRC cells growth and
metastasis

Next, human HCT116 CRC nude mouse xeno-
graft model was subjected to validate the
results in vitro. As shown in Figure 2A and 2B,
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blood vessels were significantly inhibited. B. Effect of scutellarin on the tube formation. In the control group, HU-
VECs cells formed the tube structure on the Matrigel. In the scutellarin treated group, tube foramtion was inhibited
in dose-dependent manner. Data are expressed as means + SD. *p < 0.05, **p < 0.01, compared to the control
group. C. HUVECs were plated to six-well plate. A scratch was created and cells were treated with CM of HCT116
cells treated or un-treated with scutellarin. The percentage of wound clousre was quantified. D. Scutellarin inhibited
the invasion of HUVECs induced by the CM of HCT116 cells treated or un-treated with scutellarin. The results shown
were representative of three independent experiments. *p < 0.05; **p < 0.01, compare to control.

HCT116 tumor-bearing mice treatment with
scutellarin exhibited tumor growth inhibition.
We future determined the cell proliferation
marker (Ki67) and the tumor angiogenesis bio-
marker (CD34) in orthotopic tumor tissues of by
immunohistochemical. Our results suggested
that the percentage of Ki67 positive cells
was significantly decreased after scutellarin
treatments (Figure 2C). Meanwhile, scutellarin
remarkably reduce microvessel density in
tumor tissues, as reflected by decreased CD34
staining (Figure 2C). The anti-metastasis effect
of scutellarin was evaluated with artificial
metastasis model in vivo. After cells injection,
mice were treated with vehicle and 10 mg/kg
scutellarin every day and continued for 21 days.
At the end of this experiment, the lungs were
excised and the hematoxylin-eosin staining
assay was employed. Quantification analysis of
the number of pulmonary metastasis loci
revealed that numbers of metastatic nodules in
mice treated with scutellarin were decreased
as compared to control mice (Figure 2D).

Scutellarin inhibited tumor induced angiogen-
esis

Chorioallantoic membrane (CAM) angiogenesis
analysis and tube formation assay were per-
formed to identify the effect of scutellarin on
angiogenesis. As compared to the control, scu-
tellarin (0.5-2 uM) inhibited the CAM angiogen-
esis (Figure 3A). In the contro group, the blood
vessels grew normally whereas in the scutellar-
in-treated group, no new capillary vessels were
generated. Furthermore, HUVEC cells were
treated with cultural medium (CM) from CRC
cells that pre-treated with DMSO or scutellarin.
As shown in Figure 3B, scutellarin markedly
decreased the number of the tube structure at
the concentrations of 0.5-2 uM respectively.
Chemotactic migration of endothelial cells is a
core step in the angiogenic process. To assess
the roles of scutellarin on endothelial cell
migration stimulated by CM of colorectal can-
cer cells, we scraped the cell monolayers of
HUVECs and performed the wound closure
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assaay. As shown in Figure 3C, stimulation by
the CM from control HCT116 cells increased
HUVECs migration whereas CM from scutellarin
treated HCT116 cells inhibited the migration of
HUVECs in a dose-dependently manner. As
expected, Transwell invasion results demon-
strated that CM of colorectal cancer cells sig-
nificantly induced HUVECSs invasion in vitro, and
this effect was significantly impaired by CM
from scutellarin treated HCT116 cells (Figure
3D).

Identification of angiogenesis-related genes
affected by scutellarin

The anti-cancer effects mediated by the scutel-
larin on CRC cells were future investigated by
analyzing the expression of a panel of genes
which participate into the tumor metastasis. As
shown in Figure 4A, the levels of 26 different
gene transcripts were analyzed by applying a
quantitative RT-PCR array on HCT116 cells
treated or un-treated with scutellarin. Among
the 26 genes, 13 genes exhibited a down-regu-
lation as compared to the untreated control
cells and the most significantly down-regulation
gene was ephrinb2. Subsequently, the gene
ephrinb2 was further determined at protein
level by immunoblotting (Figure 4B). To ascer-
tain the potential function of ephrinb2 in scutel-
larin-regulated CRC cells metastasis and angio-
genesis, constitutively active form of ephrinb2
was transfected into HCT116 cells and the level
of ephrinb2 was assessed by immunoblotting
with anti-ephrinb2 antibody (Figure 4C). As
shown in Figure 4D, active ephrinb2 largely res-
cued the impaired migration in HCT116 cells
treated with scutellarin. In addition, HUVECs
cell migration and tube formation analysis were
conducted to identify the role of ephrinb2 in the
effect of scutellarin on angiogenesis. As a
result, scutellarin-inhibited migration (Figure
4E) and the tube formation of HUVECs (Figure
4F) were abolished by over-expression eph-
rinb2. Altogether, these results indicated that
ephrinb2 was involved in scutellarin sup-
pressed the metastasis of CRC cells and tumor
angiogenesis.
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Figure 4. Effects of scutellarin on the expression of cells metastasis related genes. A. 26 genes involved in the migration and invasion processes were screened by
PCR array. HCT116 cells were treated or un-treated with scutellarin for 48 h. RNA extraction and retrotranscription, the resulting cDNA was applied in the PCR array
and amplified. Data are reported as fold compared to untreated HCT116 cells. B. Immunoblotting assay of cell lysates from HCT116 cells treated or untreated with
scutellarin. C. HCT116 cells were transfected with constitutively active form of ephrinb2 and the expression of ephrinb2 was determined by western blot. D. In the
presence of scutellarin, wound healing assay was subjected to assess the cell motility after ephrinb2 over-expression. Data are expressed as means + SD. **p
<0.01 compared to control cells, #p < 0.01 compared to cells transfected with vector. E. HUVECs cells were performed to wound closure analysis in the absence
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with scutellarin. Columns are data collected from three independent experiments and are average + SD. values. **p <0.01 compared to control cells, #p < 0.01
compared to cells transfected with vector.
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Discussion

Compounds extraction separations from tradi-
tional Chinese herbs have already been con-
firmed to be valuable resources for the exploi-
tation of novel anti-cancer agents. One of the
expectant compounds is a flavone glycoside
named as scutellarin, which is a principal active
component of Chinese herb Erigeron brevisca-
pus [16]. Substantial studies have demonstrat-
ed that scutellarin possess various beneficial
biological roles in plenty of mammalian sys-
tems, including cell-apoptosis inhibitor, free-
radical scavenger, anti-inflammatory and anti-
tumor [17]. Nevertheless, no studies about its
inhibition on colorectal cancer (CRC) metasta-
sis and angiogenesis have been reported. The
results in the current study suggested that scu-
tellarin decreased CRC cell growth, metastasis
and accompanied with diminished tumor angio-
genesis. We demonstrated that scutellarin
inhibited CRC cells migration and invasion in
vitro and suppressed cells metastasis in vivo.
In vivo murine xenograft model, we revealed
the effectiveness of scutellarin in suppressing
tumor progression. Furthermore, scutellarin
significantly inhibit tumor growth in vivo as
assessed by Ki67 expression.

Tumor angiogenesis is an attractive target dur-
ing cancer treatment in clinic owing to its core
role in tumor growth. Inhibition of tumor cells
induced angiogenesis brings about a good
opportunity of preventing cancer evolved into
malignant [18]. A great number of studies dem-
onstrate that the vascular endothelial growth
factor (VEGF)/vascular endothelial growth fac-
tor receptor (VEGFR) system is involved in
tumor angiogenesis. Inhibitors or monoclonal
antibody targeting VEGF or VEGFR are currently
being explored and development in basic and
clinical studies. In our study, the tube formation
model and CAM angiogenesis assay showed
that scutellarin significantly inhibit angiogene-
sis in CAM and tube-structure formation of
endothelial cells. Then, we examined the
molecular mechanisms underlying the anti-
angiogenic and anti-metastasis of scutellarin.
Investigation to the molecular mechanisms of
the pharmaceutical effects of scutellarin
revealed that it inhibited the expression of
ephrinb?2.

Ephrins facilitate angiogenesis both in physio-
logical and pathological conditions, including
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cancer angiogenesis [19]. Notably, ephrinb2
and ephb4 control the fate of endothelial cells
angiogenesis in arterial and venous though
regulation the VEGF signaling pathway.
Ephrinb2 determines VEGFR (such as VEGFR3)
expression in forward and reverse signaling
pathway dependent manner [20]. Previous
study identify that epherinb2 extends tolym-
phangiogenesis and leads the internalization of
VEGFR3 in the cultured lymphatic endothelial
cells. Although the roles of ephrins in the devel-
opmental angiogenesis have been well eluci-
dated, its function in tumor angiogenesis
remains further studied [21]. Currently, several
types of ephrins and their receptors have been
discovered be over-expression in human can-
cers including breast cancer, colon cancer and
hepatocellular carcinoma [22]. Surprisingly, the
down-regulation of other kinds of ephrins and
receptors also participate into tumorigenesis;
namely, ephB6 in melanoma and ephAl in
colorectal carcinoma [23].

Our results elaborated that scutellarin effec-
tively inhibited CRC metastasis and angiogen-
esis has significant implications for the thera-
peutic use of scutellarin in cancer treatment. In
this study, we demonstrated that scutellarin
was able to inhibit human CRC cell growth,
metastasis and angiogenesis via targeting eph-
rinb2. Our findings provide a strong rationale
for pursuing the application of scutellarin to
suppress colorectal cancer metastasis and
angiogenesis.
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