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Evodiamine inhibits vasculogenic mimicry in HCT116 cells
by suppressing hypoxia-inducible factor 1-alpha-mediated

angiogenesis

Di Zeng® Peng Zhou? Rong Jiang? Xiao-peng Li% Shi-ying Huang?,
Dan-yang Li?, Guo-li Li% Li-sha Li®, Shuang Zhao?, Ling Hu®,
Jian-hua Ran®, Di-long Chen?®, Ya-ping Wang® and Jing Li?

Evodiamine (Evo), a quinazoline alkaloid and one of the
most typical polycyclic heterocycles, is mainly isolated
from Evodia rugulosa. Vasculogenic mimicry (VM) is

a newly identified way of angiogenesis during tumor
neovascularization, which is prevalent in a variety of
highly invasive tumors. The purpose of this study was

to investigate the effect and mechanism of Evo on VM

in human colorectal cancer (CRC) cells. The number of
VM structures was calculated by the three-dimensional
culture of human CRC cells. Wound-healing was used to
detect the migration of HCT116 cells. Gene expression
was detected by reverse transcription-quantitative PCR
assay. CD31/ PAS staining was used to identify VM.
Western blotting and immunofluorescence were used

to detect protein levels. The results showed that Evo
inhibited the migration of HCT116 cells, as well as the
formation of VM. Furthermore, Evo reduced the expression
of hypoxia-inducible factor 1-alpha (HIF-1a), VE-cadherin,

Introduction

In 2012, six cellular mechanisms for tumor angiogenesis
were reviewed [1]. Among them, vasculogenic mimicry
(VM) is an important one. The concept of VM is that some
highly malignant tumor cells can change their shape to
form a duct system and connect with blood vessels, thus
allowing tumors to obtain a blood supply [2]. In recent
years, VM has been identified in a variety of tumors [3].

At present, the mechanism of VM formation is not very
clear. Previous studies have shown that hypoxia-induci-
ble factor 1-alpha (HIF-1a) is highly expressed in various
malignant tumor tissues and plays a key role in regulat-
ing the formation of VM [4]. Besides, vascular endotheli-
al-cadherin (VE-cadherin), an adhesion protein, is one of
the major regulators of VM formation [5]. Moreover, VE
growth factor (VEGF) can strongly induce endothelial
cell proliferation and tubular structure formation, and is
an important factor in inducing blood vessel growth [6].
In addition, the matrix metalloproteinase (MMP) family
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VEGF, MMP2, and MMP9. In a model of subcutaneous
xenotransplantation, Evo also inhibited tumor growth and
VM formation. Our study demonstrates that Evo could
inhibit VM in CRC cells HCT116 and reduce the expression
of HIF-1a, VE-cadherin, VEGF, MMP2, and MMP?9.
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can regulate the migration of various tumor cells in the
extracellular matrix and enhance the adhesion of tumor
cells, so that tumor cells can undergo angiogenesis mim-
icry via VM and connect with endothelium-dependent
vessels [7,8]. In breast cancer cells, hypoxia can activate
HIF-1a, leading to the upregulation of VE-cadherin
which resulted in the rise of MMP2 and MMP9 expres-
sion levels to enhance the invasiveness and eventually
leading to VM formation [9]. In melanoma, the activation
of HIF-1a leads to a high expression of VEGE, result-
ing in the upregulation of MMPs, enabling the cells to
become more invasive and form VM [10].

Evodiamine (Evo), a quinazoline alkaloid and one of the
most typical polycyclic heterocycles, is mainly isolated
from Fvodia rugulosa [11]. Previous studies have shown
that Evo has a variety of pharmacological activities [12].
And a study showed that in hepatocellular carcinoma, Evo
exerts antitumor effects, at least in part through inhibit-
ing the B-catenin-mediated transcription of angiogenesis
factors [13]. Another study suggested that Evo is a potent
inhibitor of angiogenesis, and the mechanism may proba-
bly involve repression of ERK phosphorylation in human
lung adenocarcinoma cell line CL1 [14]. However, it is not
clear whether Evo could inhibits the formation of VM.
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Our study investigated the effect of Evo on the formation
of VM in colorectal cancer (CRC), as well as its possible
mechanism.

Materials and methods

Reagents and antibodies

Evo (cat. no. S2382; purity 99.76%; Selleck Chemicals,
Houston, Texas, USA) was dissolved in dimethyl sul-
foxide and phosphate buffer saline (PBS), respectively.
Antibodies against HIF-1a, VE-cadherin, and MMP2
were purchased from Cell Signaling Technology, Inc
(Danvers, Massachusetts, USA). Antibodies against
VEGE, MMP9, and Platelet endothelial cell adhe-
sion molecule-1 (CD31) were purchased from Abcam
(Cambridge, UK). The antibody against glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was pur-
chased from Bioworld Technology, Inc (Bloomington,
Minnesota, USA). ML.228 and PX478 were purchased
from MedChemExpress, Inc. Cell Counting kit-8 was
purchased from Dojindo Molecular Technologies, Inc
(Kumamoto, Japan). Glycogen periodic-acid Schiff (PAS)
stain kit was purchased from Beijing Solarbio Science &
"Technology Co., Litd (Beijing, China).

Cell culture and culture conditions

The human CRC cell lines SW480 cells and HC'T'116
cells were purchased from Zhong Qiao Xin Zhou
Biotechnology Company (Shanghai, China). The human
umbilical vein endothelial cell line (HUVECs) was a gift
from the Laboratory of Neuroscience Research Center
of Chongqing Medical University. Cells were maintained
in DMEM medium containing 10% fetal bovine serum
(Gibco, Carlsbad, California, USA) with 100 pg/ml pen-
icillin and streptomycin (Gibco) and incubated at 37 °C
under 5% COZ.

Tube-like structure formation assay

A total of 50 pl growth factor-reduced Matrigel (BD
Biosciences, San Jose, California, USA) was added to
each well of a 96-well plate and solidifying at 37 °C for
30 minutes. Cells were suspended in DMEM with or
without Evo (1.5 pM) and were seeded on a 96-well plate
coated with Matrigel. After 24 h of incubation, the num-
ber of tube-like structures in each group was assessed for
>6 different fields under a light microscope.

Cell viability assay

Cell viability was detected by CCK-8 assay. HC'T'116
cells in the logarithmic growth phase were inoculated
into a 96-well plate. After adhering, the culture superna-
tant was discarded and complete medium with or with-
out Evo was added. After the cells were cultured for 24 h,
10 pl CCK-8 reagent was added to each well and incu-
bated in a 37 °C incubator for 2 h. The absorbance of
each well was measured at 450 nm by a microplate reader
(Bio-Rad Laboratories, Inc., Berkeley, California, USA).
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Wound-healing assay

HCT116 cells in the logarithmic growth phase were
seeded in six-well plates. After the cells grew into a single
layer, a sterile 10 pl pipette tip was used to draw straight
scratches in the cells. The suspended cells were washed
off with PBS and photographs were obtained with a
microscope. Medium containing Evo at concentrations
of 0 or 1.5 pM was added according to the experimen-
tal design, and after culturing for 24 h, photographs were
obtained under an inverted microscope.

Reverse transcription-quantitative PCR assay

qPCR was conducted in a CFX Connect'TM Real-Time
PCR Detection System (Bio-Rad Laboratories, Inc.) using
1 plecDNA and i'TaqgTM Universal SYBR Green Supermix
(Bio-Rad Laboratories, Inc.) as recommended by the
manufacturer. The relative quantification values for each
gene were calculated by the 27**“ method using GAPDH
as an internal reference. The primers used (TsingKe
Biotech, Beijing, China) were as follows: HIF-1a forward
5-ACGTTCCTTCGATCAGTTGTCACC-3, HIF-1a
reverse  5-GGCAGTGGTAGTGGTGGCATTAG-3
VE-cadherin forward 5- AAAGAATCCATTGTGCA
AGTCC-3",VE-cadherinreverse 5-CGTGTTATCGTG
ATTATCCGTG-3; VEGF forward 5-ATCGAGTACA
TCTTCAAGCCAT-3", VEGF reverse 5-GTGAGGTT
TGATCCGCATAATC-3; MMP2 forward 5- AT'TGTA
TTTGATGGCATCGCTC-3, MMP2 reverse 5-ATT
CATTCCCTGCAAAGAACAC-3; MMP9 forward 5’-
CAGTACCGAGAGAAAGCCTATT=3, MMP9 reverse
5- CAGGATGTCATAGGTCACGTAG-3 and
GAPDH forward 5-AGAAAAACCTGCCAAATATGAT
GAC-3, GAPDH reverse 5-TGGGTGTCGCTGTT
GAAGTC-3".

Xenograft models in nude mice

BALB/c nude mice (female, 6 weeks old) were pur-
chased from the Laboratory Animal Center of Chongqing
Medical University. HCT116 cells (1 x 107 cells/ml,
~0.2 ml) were subcutaneous injected into the right arm-
pit of the BALB/c nude mice. After the tumor grew to
0.5 cm in diameter, 20 mice were randomly divided into
two groups: 10 in the Evo group and 10 in the control
group. Evo (10 mg/kg) was administered with a gavage
needle once a day, while the control group was treated
with normal saline. The tumor volume was calculated
using the formula tumor volume = (width)? x length/2.
After 22 days, the mice were sacrificed by cervical dis-
location. All animal experiments were approved by the
Animal Experimental Center of Chongqing Medical
University and carried out in accordance with the princi-
ples of laboratory animal care.

Immunoblot assay
Tumor cells or homogenized tumor samples
were lysed on ice in a lysis buffer containing 1%
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HCT116 cells can display VM, and Evo inhibits cell migration in vitro. (a) Chemical structure of Evo. (b) Tube formation assays were performed in
HUVEGCs (left), SW480 cells (middle), and HCT116 cells (right) in three-dimensional culture on a Matrigel matrix, and the morphology of the cells
was observed (magnification, x200). (c) HCT116 cells were treated with different concentrations of Evo for 24 h, and cell viability was measured
by CCK-8 assay. (d) Wound-healing assay. The migration rate of HCT116 cells under treatment with Evo for 24 h was detected. Data represent
the mean £ SD. Each group was a mixture of cells collected three times and all experiments were performed in triplicate. *P < 0.05, **P < 0.01,
***P < 0.001 vs. control. HUVECs, human umbilical vein endothelial cell line; VM, vasculogenic mimicry.

phenylmethanesulfonylfluoride for 30 minutes. After
centrifugation, the supernatant was collected. Protein
concentration was determined using a BCA Protein Assay
kit (Beyotime Institute of Biotechnology, Shanghai,
China). The proteins were subjected to SDS-PAGE.
Then, the separated proteins were transferred to a pol-
yvinylidene difluoride membrane. Next, the membranes
were blocked with 5% nonfat milk for 1 h, and the cor-
responding primary antibody was added, followed by
overnight incubation at 4 °C. Then the corresponding
secondary antibody was added and incubated for 1 h
at room temperature. GAPDH was used as the loading
control. ChemiDoc Touch Imaging System (Bio-Rad
Laboratories, Inc.) was used to develop the immunoblots.

Immunofluorescence staining

HCT116 cells were fixed in 4% paraformaldehyde.
Next, the cells were permeabilized with PBS contain-
ing 0.5% Triton X-100 for 30 minutes. The cells were
fixed with 1% goat serum albumin blocking solution for
30 minutes. Next, primary antibodies were added and
incubated at 4 °C overnight. Then the cells were stained
with the secondary antibody for 1 h at 37 °C. The nuclei
were stained with DAPI for 5 minutes. Optimal cutting
temperature compound was added to embed the tis-
sues at —21 °C for 10 minutes. Sections of frozen tissue

were immobilized with cold acetone for 10 minutes and
soaked in a PBS solution twice. For immunofluores-
cence staining, the specific treatment applied was the
same that employed in cell immunofluorescence stain-
ing. Images were captured with a laser confocal micro-
scope (Nikon Corp., Tokyo, Japan).

Immunohistochemistry and CD31/periodic-acid Schiff
double staining

Immunohistochemistry staining was performed using
the Immunohistochemistry Sp 9000 kit (Zhongshan
Chemical, Beijing, China). According to the manufac-
turer’s instructions, after overnight incubation with
rabbit anti-CD31 primary antibody at 4 °C, the cells
were rewarmed for 30 minutes in a water bath, and
the secondary antibody was applied to the water bath
for 30 minutes. The sections were then incubated with
streptavidin-HRP for 30 minutes at room temperature.
A diaminobenzidine solution was added to develop the
color, followed by PAS staining according to the manu-
facturer’s instructions.

Statistical analysis

Figures in the text are representative of at least three
independent experiments. All the data were presented
as mean + SD. Statistical analysis was performed using
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Evo inhibits the formation of VM and down-regulates the level of proteins related to VM formation. (a) Effect of Evo (1.5 pM) on the formation of
VM in HCT116 cells. Magnification, x200. (b) The expression of HIF-1a, VE-cadherin, VEGF, MMP2, and MMP9 in HCT116 cells was detected
by RT-gPCR assay. (c) HCT116 cells were incubated with or without Evo (0, 0.375, 0.75, and 1.5 pM) for 24 h. Western blot assay was per-
formed to detect protein levels. (d—h) Representative immunofluorescence images (magnification, x400). HCT116 cells were incubated with or
without Evo (0 and 1.5 uM) for 24 h to detect the levels of HIF-10, VE-cadherin, VEGF, MMP2, and MMP9. Data represent the mean * SD. Each
group was a mixture of cells collected three times and all experiments were performed in triplicate. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control.
RT-gPCR, reverse transcription-quantitative PCR; VEGF, vascular endothelial growth factor; VM, vasculogenic mimicry.

SPSS version 22.0 (IBM Corp, Armonk, New York, USA).
Repetitive measure analysis of variance (ANOVA) was
used in analyzing the tumor volume at different time
points. Other data were analyzed by one-way ANOVA,
followed by #tests. P < 0.05 was considered statistically
significant.

Results

HCT116 cells can display vasculogenic mimicry, and Evo
inhibits cell migration in vitro

The chemical structure of Evo (C19H17N3O) 1s shown in
Fig. 1a. As presented in Fig. 1b, tube-like structure was
found in HUVECG:s (left).VM was not observed in SW480
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cells (middle). However, VM was common in HCT116
cells (right). HC'T116 cells were treated with different
concentrations of Evo (0, 0.375,0.75, 1.5, 3, 6, and 12 pM)
for 24 h. Cell viability was detected by CCK-8 assay. The
viability of HC'T116 cells was significantly affected by
Evo (3, 6, and 12 pM) (Fig. 1c), but when the cells were
treated with Evo (0.375, 0.75, and 1.5 pM) for 24 h, >90%
of the cells survived, and compared with the control group,
the difference was not statistically significant. To ensure
that the cell viability is as free as possible from drug inhi-
bition, cells were treated with these low concentrations
of drugs in subsequent experiments. The wound-healing
assay showed that the Evo treatment group had a lower

wound-healing rate; thus, Evo can inhibit the migration
of HC'T'116 cells (Fig. 1d).

Evo inhibits the formation of vasculogenic mimicry

and down-regulates the level of proteins related to
vasculogenic mimicry formation

The formation of VM in HCT'116 cells was affected by
Evo. After treatment with Evo (1.5 pM) for 24 h, the
number of tubes was significantly decreased compared
with that in the untreated group (P < 0.001) (Fig. 2a).
As shown in Fig. 2b, the reverse transcription-quantita-
tive PCR results showed that compared with that in the
control group, the expression of HIF-1a, VE-cadherin,
VEGE, MMP2, and MMP9 was significantly decreased
in HC'T116 cells after treatment with Evo (1.5 pM) for
24 h. Furthermore, western blot assay was applied to
detect the protein levels of HIF-1a, VE-cadherin, VEGE,
MMP2, and MMP9 in HCT116 cells. The protein lev-
els significantly decreased in a concentration-dependent
manner after Evo treatment compared with those in the
control group (Fig. 2¢). Besides, the immunofluorescence
results showed that compared with that in the control
group, the level of HIF-1a, VE-cadherin, VEGE, MMP?2,
and MMP9 was significantly decreased in HC'T116 cells
after treatment with Evo (1.5 pM) for 24 h. (Fig. 2d-h).
Consequently, Evo inhibited the formation of VM and
decreased the expression of HIF-1a, VE-cadherin,
VEGE, MMP2, and MMP9.

Evo inhibits the formation of vasculogenic mimicry and

its possible mechanism

HIF-1a plays a key role in VM formation in tumor cells.
"To further verify this point and study the effect of Evo,
HCT116 cells were treated with Evo, MLL228 (an ago-
nist of HIF-1a), Evo + ML228, PX478 (an inhibitor of
HIF-1a), or Evo + PX478 (Fig. 3a). The results showed
that, in the ML228 group, the number of tubes increased
significantly. The combination treatment of Evo and
MIL.228 can weaken the enhancement effect of agonists
for forming tubes. In the Evo, PX478, and Evo + PX478
groups, the number of tubes decreased obviously. Also,
western blot assay was performed to detect the levels
of proteins. The results showed that Evo inhibited the
expression of HIF-1a, VE-cadherin, VEGE, MMP2, and

MMP9. Moreover, MLL228 could up-regulate the levels
of these proteins, while PX478 could down-regulate the
levels of these proteins. Besides, in the Evo + ML228
and the Evo + PX478 groups, Evo attenuated the upreg-
ulation of these proteins by MLL228 and enhanced the
downregulation of these proteins by PX478 (Fig. 3b and
¢). Therefore, Evo could suppress HIF-1a, leading to
the downregulation of VE-cadherin and VEGF which
resulted in the decrease of MMP2 and MMP9 expression
levels to reduce the invasiveness and VM formation.

Evo inhibits HCT116 cell growth and vasculogenic
mimicry formation in vivo

At the beginning of the experiment, the body weight of
the mice on the control group (17.04 + 0.38 g, mean =
SD) was similar to Evo group (16.87 + 0.32 g). At time
of sacrifice, the body weight of the mice on the control
group (19.45 £ 0.72 g) was similar to Evo group (19.51
+ 0.65 g). There was no significant difference in mouse
body weight between the control and Evo groups, sug-
gesting that Evo treatment did not cause significant
systemic toxicity (Fig. 4a). The results showed that Evo
treatment inhibited tumor growth 7z vive, as demon-
strated by the smaller tumor size in Evo-treated mice
(Fig. 4b and c). Besides, hematoxylin and eosin staining
revealed that, in the control group, the tumor cells in the
tumor tissues were rich and disordered; the cells were
polygonal; nuclear atypia was obvious; and there were
more pathological mitotic figures, less nuclear pyknosis,
and smaller flaky necrotic area than in the Evo-treated
group. In the Evo-treated group, the tumor cells in the
tumor tissues were fusiform and round; the cells were
shrunk; the nucleus was strongly stained; and the mitotic
figures were significantly reduced; scattered focal and
flaky necrosis was observed (Fig. 4d). VM was examined
by CD31/PAS double staining (Fig. 4¢). CD317/PAS*
represented endothelium-dependent vessels (up), while
CD317/PAS™ represented VM (down) (magnification,
x400). Decreased VM count was observed in the Evo-
treated group (Fig. 4f). The VM channel was composed
of tumor cells, and CD31 was negative (red arrow; mag-
nification, x200), while endothelium-dependent vessels
were both CD31- and PAS-positive (black arrow; magni-
fication, x200). The results showed that, compared with
that of the control group, the number of CD317/PAS*
channels in the Evo group decreased significantly, and
the VM forming ability decreased.

Possible molecular mechanism of Evo antitumor
vasculogenic mimicry effect in vivo

As shown in Fig. 5a, the protein levels of HIF-1a,
VE-cadherin, VEGE, MMP2, and MMP9 were decreased
in the experimental mice compared with those in the
control mice. Tumors were analyzed by immunofluores-
cence to investigate the levels of proteins. There were
decreases in the levels of HIF-1a, VE-cadherin, VEGE,
MMP2, and MMP9 in xenografted tumors of mice

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Evodiamine inhibits vasculogenic mimicry Zeng et al. 319

Fig. 3
(@) HCT116
15
_§ 10
2
k]
g5 .
0
& D D0 %
F e @l
M g
<* <
(b) HCT116
Evo ; N i} R OCon. mML228
ML228 - - 2) mEvo mEvo+ML228
HIF-1a
VE-cadherin K
VEGF
MMP2
& << )
MMP9 \\ QYL
@“ SEAN
GAPDH &
NS
(c)
Evo COCon. EPX478
PX478 01-5 EEvo MEvo+PX478
(o))
HIF-1a €10
.
VE-cadherin o -
VEGF i
MMP2 0!
S << VO
N <:~ <2 N4
MMP9
& $5¢ 20
GAPDH A{(;

Evo inhibits the formation of VM and its possible mechanism. (a) Tube formation assays were performed in HCT116 cells treated with or without
Evo, ML228, Evo + ML228, PX478, or Evo + PX478 (magnification, x200). (b) HCT116 cells were incubated with Evo, ML228, or Evo + ML228.
Western blot assay was performed to detect protein levels. (c) HCT116 cells were incubated with Evo, PX478, or Evo + PX478. Western blot
assay was performed to detect protein levels. Data represent the mean £ SD. Each group was a mixture of cells collected three times and all
experiments were performed in triplicate. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control; #P < 0.05; ##P < 0.01; ###P <0.001. VM, vasculo-

genic mimicry.
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Evo inhibits HCT116 cell growth and VM formation in vivo. (a) Mice body weights were recorded and compared. (b) Representative images of
the tumor in the control and Evo treatment groups. (c) Tumor volumes were recorded and compared at the end of the experiment when the mice
were sacrificed by dislocation after anesthesia. (d) Xenograft tumor tissues were analyzed for hematoxylin and eosin staining (magnification, x100,
%200, and x400). (e) VM was detected with CD31/PAS double staining. CD31*/PAS™ indicated endothelial-dependent vessels (up), while
CD317/PAS* indicated VM (down) (magnification, x400). (f) The VM channels are lined with tumor cells (red arrows; CD31/PAS double staining;
magnification, x200). The endothelial-dependent vessels are both positive for CD31 and PAS (black arrows; CD31/PAS double staining; magnifi-
cation, X200). Data represent the mean = SD (n = 10/group). All experiments were performed in triplicate. *P < 0.05, **P < 0.01 vs. control. PAS,

periodic-acid Schiff; VM, vasculogenic mimicry.

treated with Evo, which was consistent with the data iz
vitro (Fig. 5b—f).

Discussion

Recent studies have identified a new type of tumor blood
supply pattern, which is not dependent on angiogenesis
but VM [2]. To study the role of VM in CRC, HUVEC
(the positive control), the CRC cell lines SW480 and
HCT116 were cultured in a three-dimensional culture
system 7z vitro. We found that both HUVEC cells and
HCT116 cells can form a typical tubular structure in the
culture system, while SW480 cells could not (Fig. 1b).
Consequently, HCT116 cells were selected for subse-
quent experiments. Next, a model of tumor xenograft
in nude mice with HCT116 cells was constructed, and
the presence of VM was detected by CD31/PAS double

staining. The results revealed that VM exists in highly
metastatic CRC (Fig. 4e and f).

Due to the presence of VM, traditional anti-angiogenesis
therapy, which targets endothelial-dependent vessels, did
not achieve the desired effect, as the tumor can still obtain
blood supply from VM, in which case the combination
with anti-VM treatment should be considered [15]. A pre-
vious study of our team proved that Evo inhibits migration
and invasion by Sirtl-mediated post-translational modula-
tions in CRC [16]. Also, Evo could inhibit tumor growth
and metastasis by blocking the cell cycle and inhibiting
infiltration [17]. This study showed that Evo inhibited the
migration of HC'T'116 cells, as well as the formation of VM
in vitro and in vivo (Figs. 1d and f and 2a), and indicated
that Evo had the potential to act as an anti-VM agent.

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
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Possible molecular mechanism of Evo antitumor VM effect in vivo. (a) Mice were treated with or without 10 mg/kg Evo. The levels of proteins in
tumor tissues were detected by western blotting. (b—f) Representative immunofluorescence images. Expression of HIF-1a, vascular endotheli-
al-cadherin, vascular endothelial growth factor, MMP2, and MMP9 in tumor tissues was analyzed by immunofluorescence (magnification, x400).
Data represent the mean = SD (n = 10/group). All experiments were performed in triplicate. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control. VM,

vasculogenic mimicry.

At present, the specific mechanism of VM formation is
not fully clear. The formation of VM is associated with
some key factors, such as HIF-1a, VE-cadherin, VEGE,
and MMPs. A previous study showed that Epstein—Barr
virus infection-induced VM and HIF-1a activation [4].
Specific reduction of VE-cadherin expression can signifi-
cantly inhibit the formation of VM [18]. VM formation in
gastric cancer cells was inhibited by suppressing VEGF
[19]. In malignant melanoma cells, the application of
anti-MMPs antibodies weakened the formation of VM
[20]. Our western blot and immunofluorescence staining
results showed that Evo could decrease the expression of
HIF-1a, VE-cadherin, VEGE, MMP2, and MMP9 iz vitro
and iz vivo (Figs. 2b—d and 5a—f).

Furthermore, in the hypoxic environment of the inter-
nal tumor mass, which is regulated by oxygen partial
pressure, HIF-1a is activated, further promoting the
expression of multiple genes involved in the process of

angiogenesis [21]. HIF-1a can regulate the expression
of VEGF and VE-cadherin. VEGF relates to vascular
permeability, and VE-cadherin helps to maintain the sta-
bility of vascular structure stable [5,6]. MMP2 regulates
the migration of various tumor cells in the extracellular
matrix through integrin and enhances fibronectin-medi-
ated tumor cell adhesion [7], and MMP9 can effectively
affect the vascularization and growth rate of tumor cells,
and the formation and degradation of cell-matrix in the
tumor microenvironment [8]. Therefore, it was hypoth-
esized that the formation of VM in HCT116 cells may
be mediated by the hypoxia regulatory effect of HIF-1a,
which activates VE-cadherin, VEGEF, and MMPs. Our
results showed that Evo decreased the expression of
HIF-1a, thus leading to the inhibition of VE-cadherin,
VEGE, MMP2, and MMP9. And the results showed that
in the ML.228 group, the number of VM tubes increased
significantly. The combination treatment of Evo and
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ML228 can weaken the enhancement effect of ago-
nists for forming tubes. In the Evo, PX478, and Evo +
PX478 groups, the number of tubes decreased obviously.
ML228 could weaken the downregulation of HIF-1a,
VE-cadherin, VEGE, MMP2, and MMP9 protein levels.
By contrast, PX478 could enhance the downregulation
of the protein levels (Fig. 3a—d). These findings suggest
that Evo plays an anti-VM formation role in CRC, and
the possible mechanism may be related to the inhibition
of HIF-1a-mediated angiogenesis.

In addition, Pigment Epithelium Derived Factor (PEDF)
is a potent endogenous inhibitor of angiogenesis, which
could activate downstream signaling events inside the
cell through binding to its receptors, further inhibiting
the growth of a wide variety of cancer types [22]. PEDF
knockdown in poorly aggressive melanoma cell lines
augmented VM [23]. Endostatin, thrombospondins-1
('TSP-1), and angiostatin were recognized as the primary
anti-angiogenic factors [24]. Studies have shown that
endostatin suppressed angiogenesis in remote metas-
tases by counteracting the angiogenesis genes up-regu-
lated by VEGF, leading to regression of tumor [25]. And
recombinant human endostatin combined with radio-
therapy significantly inhibited the VM of human esopha-
geal cancer cells [26]. Researchers speculated that T'SP-1
may function as a tumor vascular promoting factor during
melanoma VM [27]. But so far, no direct evidence has
been found to show that T'SP can regulate VM formation.
Also, the effects of Evo on PEDEF, endostatin, T'SP-1, and
angiostatin have not been reported by researchers. Then,
can Evo inhibit the formation of VM by regulating other
genes related to angiogenesis?

Conclusion

We first proposed that Evo could prevent the forma-
tion of VM in CRC, which may be associated with the
inhibition of HIF-1a, leading to the downregulation of
VE-cadherin and VEGF which resulted in the decrease
of MMP2 and MMP?9 expression level to reduce the inva-
siveness. However, the formation of VM is a complicated
process. Whether Evo can regulate this process through
other mechanisms is worth exploring in the future.
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