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Purpose: CD276 protein expression and vasculogenic mimicry (VM) formation are asso-
ciated with the poor prognosis of hepatocellular carcinoma (HCC) patients. Although both
the effects of CD276 and VM formation involve the activation of matrix metalloproteinases,
and their relationship has not yet been explored. The following study investigated the effect
of CD276 expression on VM formation and the potential mechanisms.

Materials and Methods: CD276 expression and VM were examined in commercial tissue
microarrays by immunohistochemistry and CD31/PAS double staining. Tumor cell prolifera-
tion, invasion, migration and, tube formation were detected in vitro after transfecting HCC
cell lines with an shRNA lentiviral vector against CD276. The expression of MMP14,
MMP2, VE-cadherin, E-cadherin, and vimentin and MMPs activation was detected by
Western blot, immunofluorescence and gelatin zymography assay. In addition, an orthotopic
xenograft model of HCC cells was established in vivo, after which VM was detected, along
with its marker molecules.

Results: CD276 expression was associated with VM and poor prognosis in HCC patients.
RNA interference of CD276 reduced tumor cell proliferation, invasion, migration, and VM
formation in vitro and in vivo. Furthermore, CD276 knockdown up-regulated the expression
of E-cadherin but inhibited the phosphorylation of AKT, the expression of MMP14, MMP2,
VE-cadherin, vimentin and the activation of MMP2 and MMP9 in HCC cell lines.
Conclusion: CD276 may promote VM formation by activating the PI3K/AKT/MMPs
pathway and inducing the EMT process in HCC. CD276 may serve as a promising candidate
for the anti-VM treatment of HCC.

Keywords: vasculogenic mimicry, CD276, matrix
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common primary liver cancers
and the third most frequent cause of cancer death worldwide.' Despite the fact that
considerable advances have been made in the treatment of malignant tumors, the
prognosis of HCC patients remains poor.”> The high mortality rate is mainly
attributed to vascular invasion and metastasis.® Angiogenesis is crucial for promot-
ing the growth and metastasis of HCC." Besides angiogenesis, several other
mechanisms of tumor vessel formation have also been proposed, including vascular
co-option, vascular intussusception, vascular cooption and vasculogenic mimicry
(VM).” VM has been accepted as a new model of neo-vascular supply in aggressive
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tumors.® It refers to the formation of functional blood
channels by highly aggressive tumor cells without the
involvement of endothelial cells. Previous studies have
employed CD34 or CD31 and periodic acid—Schiff (PAS)
dual staining to distinguish the matrix-rich morphological
of VM in endothelial
angiogenesis.” VM has been found in several cancer

pattern cells undergoing
types, including HCC.® Tts presence is closely associated
with high tumor grade, increased degree of invasiveness,
and shorter overall survival in patients.”'° Moreover, VM
not only participates in nutrition and oxygen supply neces-
sary for tumor growth but also provides the metastatic
routes for tumor cells.'' The direct exposure of tumor
cells lining the inner surface of VM channels to blood
flow indicates an escape route for the metastasis process.
In addition, during VM development, tumor cells acquire
malignant characteristics such as invasiveness, poor differ-
entiation, mesenchymal phenotype and self-renewability, '
which are essential for cancer progression and metastasis.
Therefore, an ideal anti-vascular therapeutic agent should
target both angiogenesis and VM formation.

CD276 (B7-H3), an important member of the B7
superfamily, is encoded by chromosome 15 in humans.
Although CD276 mRNA is widely expressed in normal
human tissues, its protein expression is generally limited,
suggesting the presence of a critical post-transcriptional
control mechanism.'® CD276, which has an important role
in innate immunity and T cell-mediated adaptive
immunity,'* has been shown to be highly expressed in
various tumors, including HCC; Its high expression often
correlates with negative prognosis and poor clinical
outcomes.'>'® Similar to other immune checkpoints of
the B7-CD28 pathways, CD276 is expressed in immune
cells (such as antigen-presenting cells or macrophages), it
regulates the function of T cells as a second signal
molecule.'® Besides its role in modulating tumor immu-
nity, it also has a non-immunological function in regulat-
ing tumor aggressiveness. Accumulating evidence has
demonstrated that CD276 is involved in modulating
migration and invasion of various cancer cells, including
HCC.'182921 Up to date,
mechanisms though which CD276 participates in various

however, the molecular
tumor-associated biological processes remain elusive and
need to be further explored.

Some studies have indicated that CD276 might induce
the migratory potential and invasiveness of tumor cells by
increasing the expression of metastasis-associated proteins
such as matrix metalloproteinases (MMPs).>>?? It has also

been reported that MMPs are closely associated with VM
formation in hepatocellular carcinoma.”** In our previous
study, we also found that the mechanisms of VM forma-
tion might involve the up-regulation of expression and
activation of MMPs.?®> Highly aggressive hepatocellular
carcinoma cells may secrete matrix metalloproteinases,
express vascular endothelial cadherin (VE-cadherin) and
laminin to induce extracellular matrix remodeling and
promote VM formation.**

Although the presence of CD276 and its implications
have been shown in HCC, the correlation between CD276
and VM in HCC and the underlying mechanisms remain
unclear. In this study, we attempted to investigate the
effects of CD276 expression on VM formation and the
potential mechanisms.

Materials and Methods

Tissue Microarrays Analysis

Two commercial tissue microarrays (TMA) from 93 hepa-
tocellular carcinoma patients were purchased from
Shanghai Outdo Biotech (Shanghai, China) with the
TMA’s accompanying clinical pathology and follow-up
data. Briefly, HCC tissue specimens were obtained from
the patients who underwent surgery between January 2007
and November 2009. Their HCC diagnosis was confirmed
by pathology. The mean age of patients was 54 years
(ranging from 25 to 73 years). Tumor histological grade
was defined following the World Health Organization
classification. The definition of the follow-up period was
from the date of surgical resection to death or until
September 2013 (range: 1-80 months). Survival time was
defined as the period between the date of surgical resection
and the date of death or the patient’s last follow-up. The
use of the tissue microarrays was approved by the Ethics
Committee of Shanghai Outdo Biotech (Ethical approval
number: T19-0361).

Immunohistochemistry and CD31/PAS
Double Staining

Antigen retrieval was performed by heating the tissue
sections from TMA in EDTA for 10 min. Sections were
cooled down at room temperature and were immersed in
0.3% H,0, solution for 20 min to block endogenous
peroxidase activity; Then the sections were incubated
overnight at 4°C with the primary antibody (Goat poly-
clonal Anti-CD276 antibody; R&D System, Minneapolis,
USA). Negative controls were treated by replacing the
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primary antibody with PBS, after which the samples were
incubated with the secondary antibody at 37 °C for 30
The 3,3"-
diaminobenzidine solution.

min. color was developed wusing a

(DAB)
Microarrays were separately analyzed by two pathologists

chromogen

blinded to the patients’ clinical information. Sections were
considered to be positive when tumor cells showed cyto-
plasmic or membranous CD276 immunostaining. The
stained area and the intensity of the stain were indepen-
dently scored as follows: <33% of the cancer cells, 1; >33
to <66% of the cancer cells, 2; >66% of the cancer cells, 3.
The intensity of staining was scored as follows: absent/
weak, 1; moderate, 2; strong, 3. Each section had a final
grade that was calculated by multiplying the area and
intensity scores. For analysis, sections with a final score
of <3 were defined as tumors with low CD276 expression
group (the low-expression group), whereas sections with
a final score of >3 were defined as tumors with high
CD276 expression group (the high-expression group).?
For wvalidation, we searched the human protein atlas
(http://www.proteinatlas.org/) database to evaluate the dif-

ferential protein expression levels of CD276 and the
Kaplan-Meier plotter (https://kmplot.com/analysis/) data-

base to analyze the prognostic effect of CD276 on patients
with HCC.

For the CD31/PAS double staining, immunohistochem-
ical staining with CD31 (Zhongshan Biology Technology
Co., Beijing, China) was first performed on the sections
from TMA as described above before PAS staining. Then,
the sections were counterstained with a periodic acid-
Schiff (PAS) Kit (Sigma, USA). Finally, all of the sections
were counterstained with hematoxylin, dehydrated, and
mounted.

Cell Culture and Transfection

The HCC cell lines (Huh7, SK-HEP-1, and SMMC7721)
were obtained from the American Type Culture Collection
(Rockville, MD, USA). The HCC cell lines (Bel7402,
MHCC97H and Bel7404) were obtained from Cell Bank
of Chinese Academy of Sciences (Shanghai, China). SK-
HEP-1 was cultured in Roswell Park Memorial Institute
1640 supplemented with 10% fetal bovine serum
(Invitrogen, Carlsbad, CA, USA). Other cell lines were
cultured in Modified Eagle’s Medium supplemented with
10% fetal bovine serum. Cells were maintained at 37 °C
and 5% CO, in a humidified atmosphere. The expression
of CD276 in each cell line was evaluated by Western
blotting.

Lentiviral vectors encoding the enhanced green fluor-
escent protein (EGFP) sequence containing shRNA speci-
fic to CD276 (LV-shCD276) and a non-targeted control
shRNA (LV-NC) were constructed by Shanghai Genechem
Co. (Shanghai, China). Lentiviral vectors with LV-
shCD276 or LV-NC were transfected into HCC cells
according to the manufacturer’s instructions. Briefly, LV-
shCD276 and LV-NC, each at a multiplicity of infection
(MOI) of 50, were transfected into 2 x 10* cells cultured in
12-well plates with 5 pg/mL of Polybrene. The sequence
of the CD276 shRNA used in this study was as follows: 5'-
caGCTGACAGATACCAAACAG-3'. At 24 hours after
the transfection, cells were harvested for analysis. Cells
without any treatment were used as blank controls
(Control).

Three-Dimensional Culture

A 96-well plate was placed on ice for pre-cooling and
Matrigel (BD, Franklin lake, New Jersey, USA) was
thawed at 4°C and added to each well of the plate (30
pL/well). Then the plate was moved into a 37 °C incubator
containing 5% CO, for 12 h to solidify the Matrigel.
Tumor cells suspended in the medium were tiled on the
gel and incubated at 37°C for 24 h. VM tubes were
captured under an inverted microscope. Each experiment
was performed in triplicate.

Immunofluorescence Staining

The transfected cells were plated onto chamber slides and
fixed in ice-cold methanol. The primary antibody against
VE-Cadherin (Cell Signaling, Danvers, MA, USA) was
used at a 1:400 working dilution. Fluorescein isothiocya-
nate rabbit immunoglobulin G antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) was used as
a label for the immunofluorescence assay. After immuno-
labelling, the cells were washed, stained with DAPI
(Sigma), mounted and then viewed under a fluorescent
microscope (Nikon, Japan).

Cell Proliferation Assay

To assess cellular proliferation, cell proliferation was
detected by the cell counting kit-8 (CCK-8) method.
After transfection for 24 h, cells were counted with
adjusted cell concentration and 5000 cells per well were
seeded in 96-well plates. Cell proliferation was measured
using a CCK-8 (Dojindo, Kumamoto, Japan) according to
the manufacturer’s instructions. Proliferation rates were
determined at 24, 48, 72 and 96 h of culture by measuring
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the absorbance at 450 nm in a microplate reader (Bio-Rad,
USA). Triplicate wells were set for each group.

Invasion and Migration Assay

The cell invasion assay was performed with 24-well
Transwell chambers (Corning Costar, Cambridge, MA,
USA) with 8-um pore polycarbonate membranes pre-
coated with a layer of Matrigel (BD, Franklin lake, New
Jersey, USA). The transfected cells suspended into 100 uL
medium were seeded in the upper chamber (4 x 10* cells/
well). The lower chamber contained 500 mL medium with
10% FBS as chemotaxin. After 48 hours of incubation at
37°C, non-invaded cells on the top of the membrane were
removed. The invaded cells were washed with PBS, fixed
with 4% paraformaldehyde and stained with 0.1% crystal
violet. The number of cells on the membrane of the lower
chamber was counted by light microscopy. The migration
assay was also performed with Transwell chambers and
wound-healing assay. For the wound-healing assay, the
cells were seeded in 6-well plates and were allowed to
grow until they reached a 90% concentration. When the
cells formed a monolayer, a straight scratch was made in
the center of each well using a micropipette tip, and the
cells were washed with PBS and incubated in a serum-free
medium. Microphotographs were taken and the migration
rate (MR) was monitored at 48 h. The following formula
was used to calculate MR: MR = (d - d')/d, where d is the
length of the wound at time 0, and d’ is the length at 48
h. Each experiment was performed in triplicate.

Western Blotting and Gelatin
Zymography Assay

We used the online database Gene Expression Profiling
Interactive Analysis (GEPIA, http://gepia.cancerpku.cn/

index.html),”’ an interactive web server based on The
Cancer Genome Atlas (TCGA), to explore the correlation
between CD276 and key molecules of PI3K/AKT/MMPs
pathway.

The expressions of AKT, phosphorylated AKT
(pAKT), MMP14, MMP2, VE-cadherin,
vimentin in cell lines were detected by Western blotting
as verification. LY294002, a PI3K inhibitor, was pur-
chased from Cell Signaling Technology (Danvers, MA,
USA) and added to the cell culture medium at a final
concentration of 20umol/L as a positive control. HCC

E-cadherin,

cells were washed with PBS twice and lysed on ice with
a RIPA lysis buffer (ImL) containing protease and

phosphatase inhibitor for 30 min. Cell lysate protein con-
tent was determined with a Bicinchoninic acid (BCA)
protein assay kit. An equivalent amount of whole protein
extracts was separated by 10% SDS-PAGE under denatur-
ing conditions and then transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA,
USA). Membranes were then blocked with 5% non-fat
milk powder in Tris-buffered saline containing 0.1%
Tween 20 (TBST) and probed with primary antibodies at
4°C overnight. After washing with TBST, the membranes
were incubated with secondary antibodies. Bands were
visualized with an ECL detection kit (Pierce, USA), and
normalization was made against GAPDH expression. The
intensities of the bands were quantified by Image J soft
ware. Antibodies for research were as follows: CD276
(R&D System, Minneapolis, USA); AKT, pAKT,
MMP14, MMP2, VE-cadherin, E-cadherin, vimentin,
GAPDH (Cell Signaling, Danvers, MA, USA).

Additionally, the activity of MMP-9 and MMP-2 was
measured with a commercial gelatin zymography kit (Xin
Fan Biology Technology Co., Nanjing, China) according
to manufacturer’s instructions.

Orthotopic Transplant Mouse Model of
HCC Cells

To examine the effects of CD276 on tumor growth and
VM formation in vivo, an orthotopic transplantation tumor
model with HCC cells was established. Balb/c male nude
mice, 4-5 weeks old, weighing 20-25 g, were obtained
from Slac Laboratory Animal Co. Ltd. (Shanghai, China).
All the animals were housed in an environment with
a temperature of 22 + 1 °C, relative humidity of 50 +
1%, and a light/dark cycle of 12/12 hr. All animal studies
(including the mice euthanasia procedure) were done in
compliance with the regulations and guidelines of Fujian
Medical University (Fuzhou, China) institutional animal
care and conducted according to the AAALAC and the
IACUC guidelines.

Bel7404 cells transfected with LV-shCD276 or LV-NC
control were harvested and resuspended in PBS. Mice
were randomly divided into two groups (n = 6) for each
HCC cell line. A total of 5x10° cells/mL in 0.10mL PBS
were then injected into the liver of each nude mouse. After
4-5 weeks of monitoring, the mice were sacrificed. Tumor
weight was measured, and tumor specimens were used for
subsequent histological examination. After the pre-
treatment of the xenograft tumor specimens, the presence
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of VM was determined by CD31/PAS double staining. The
MMP-14, MMP-2, VE-cadherin,
E-cadherin and vimentin, which are considered to be VM

expressions  of

markers, were detected by immunohistochemistry staining
as previously described.

Statistical Analysis

All statistical analyses were performed using SPSS 19.0
for Windows (SPSS, Chicago, IL) and GraphPad Prism 5.0
(San Diego, CA, USA). The Chi-squared test was used to
analyze the correlation between the expression of CD276
and clinical characteristics, and VM. Student’s ¢-tests were
adopted to compare continuous variables between groups.
The Kaplan Meier method was performed for survival
analysis and the Log rank test for the curve comparison.
The results were expressed as mean = SD. A p-value of<
0.05 was considered statistically significant.

Results
Higher CD276 Expression is Associated
with VM and Poor Prognosis in HCC

To detect the expression of CD276, IHC staining was
performed on HCC tissue sections from TMA; The expres-
sion level was assessed according to the previously-
described criteria.”® PAS and CD31 double staining were
applied to investigate VM in HCC tissues. Vascular-like
patterns, which were formed by tumor cells, were identi-
fied as VM (Figure 1A). In the 93 HCC samples, high
expression of CD276 was found in 59 of the 93 samples
(63.4%) (Figure 1B), while VM was found in 27 of the 93
HCC samples (29.0%). The analysis of the relationship
between CD276 expression and the clinicopathological
characteristics showed no significant correlation between
CD276 expression and age, gender, TNM stage, tumor size
and histological grade. Still, the CD276 expression signif-
icantly differed between the VM positive and negative
groups (p= 0.008) (Table 1). VM was detected in 23 out
of the 59 samples (39.0%) in the CD276 high-expression
group and 4 out of 34 samples (11.8%) in the CD276 low-
expression group. The results of the Kaplan—Meier survi-
val analysis showed that the presence of VM and high
expression of CD276 were associated with poor prognosis
in human hepatocellular carcinoma. In addition, these
patients had a shorter survival period than those without
VM or with low CD276 expression (Figure 1C).
Information concerning CD276 protein (located in cyto-
plasmic and membranous) in the human protein atlas

showed negative and positive staining in HCC (Figure
1D). In addition, data from the Kaplan-Meier Plotter data-
base showed that high CD276 mRNA expression was
associated with worse overall survival (OS) in liver cancer
patients (Figure 1E).

CD276 Knockdown Inhibits the
Proliferation, Migration and Invasion of
HCC Cells in vitro

Western blotting was performed to analyze the expres-
sion of CD276 in various HCC cell lines which were
able to form tube-like structures in vitro. CD276 expres-
sion was found in all of these cell lines (Figure 2A).
Huh7 and Bel7404 with higher expression were selected
for subsequent experiments. To investigate the roles of
CD276 down-regulation in HCC progression, lentiviral
vectors containing shRNA specific to CD276 were
applied to knockdown the expression of CD276 in
HCC cells. Western blotting revealed that the level of
CD276 in Huh-7 and Bel7404 cell lines were markedly
decreased by LV-shCD276 (Figure 2B). Moreover,
CCKS8 assays showed that CD276 knockdown reduced
the proliferation of cells (Figure 2C). In addition, trans-
well assay (Figure 2D) and wound-healing assay (Figure
2E) that the down-regulation of CD276
obviously suppressed the migration and invasion of
HCC cells.

showed

CD276 Promotes the VM Formation

in vitro and in vivo

To assess the effect of CD276 on VM formation, three-
dimensional cultures were used. The results showed that
VM in the Bel7404 and Huh7 cells was significantly
suppressed by CD276 down-regulation when compared
with control cells (p<0.05) (Figure 3A). VE-cadherin is
considered to be a marker of VM formation.”® The results
of immunofluorescence staining analysis indicated that
CD276 knockdown decreased the expression of VE-
cadherin in Bel7404 and Huh7 cells (Figure 3B).

In the orthotopic transplantation tumor model, CD31-
PAS dual staining revealed the VM structures with nega-
tive CD31 staining and positive PAS staining in the tumor
xenograft. Tumor tissues that had at least one VM struc-
ture were considered as having the capacity to form VM
(Figure 3C). However, VM formation was not observed in
the xenografts of CD276-knock-down HCC cell group (0/
6), while there was VM formation in two xenografts of the
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Figure 1 CD276 associated with vasculogenic mimicry and poor prognosis in HCC. (A) Representative images showing typical malignant morphology of vasculogenic
mimicry by CD31/PAS staining in HCC. The black arrow indicates blood vessels formed by endothelial cells (PAS-/CD31+); The red arrows indicate the VM vessel (PAS
+/CD31-). (B) The expression of CD276 in HCC tumor tissue microarrays was detected by immunohistochemical staining. HCC tumor sections with a final score of <3
were defined as low CD276 expression (CD276-), whereas sections with a final score of >3 were defined as high CD276 expression (CD276+). (C) Kaplan—Meier survival
analysis showed that patients with VM had a shorter survival period than those without VM (p<0.001) and those with a high CD276 expression had a shorter survival period
than those with a low CD276 expression (p=0.010). Patients with VM (+) and high CD276 expression had worse prognosis when compared with those with VM (-) or low
CD276 expression (p=0.021). (D) Immunohistochemistry staining for CD276 in hepatocellular carcinoma tissue from a Human Protein Atlas Portal. (E) The prognostic
value of the mRNA expression of CD276 in www.kmplot.com. Patients with liver cancer exhibiting a high mRNA expression of CD276 had a worse prognosis when
compared to those with low expression levels.

negative control group (2/6, 33.3%). Moreover, the tumor C[D276 Promotes Vasculogenic Mimicry

weight was significantly reduced in the mice injected with  Formation via the PI3K/AKT/MMPs
CD276-knock-down HCC cells (LV-shCD276) when com- Pathway

pared with that in the negative control group (LV-NC) T explore the molecular mechanisms of CD276 in affect-
(Figure 3C). ing VM formation in HCC, we evaluated the association
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Table | Correlation Between CD276 Expression and

Clinicopathologic Parameters, and VM

Factors CD276 22 P
High Low
Expression Expression

Age (years)
<60 46 22 3.006 | 0.096
260 12 13

Gender
Male 52 31 0.208 | 0.741
Female 7 3

TNM stage
1 27 18 0.445 | 0.526
nnv 32 16

Tumor size (cm)
<5 25 17 0.507 | 0.521
=5 34 17

Histological grade
1 35 26 2811 | 0.115
nnv 24 8

VM
Positive 23 4 7.756 | 0.008*
Negative 36 30

Note: *Significantly different.

between CD276 and key molecules in the PI3K/AKT/
MMPs signaling pathway using the GEPIA database.
These molecules included AKT1, MMP14, and MMP2.
The results revealed significant correlations between
CD276 expression and AKT1 (R = 0.41, p= 4.4e—16),
MMP14 R = 0.7, p= 0), MMP2 (R = 0.59, p= 0)
(Figure 4A).

We further explored the effect of the down-regulated
CD276 expression on the PI3K/AKT/MMPs signaling
pathway in HCC cells. Constitutive activation of this sig-
naling pathway was found in both HCC cell lines.
Analyses of Western blotting showed that CD276 knock-
down significantly inhibited AKT phosphorylation and
down-regulated the expression of MMP14, MMP2, VE-
cadherin and vimentin. In contrast, the expression of
E-cadherin was up-regulated (Figure 4B). Moreover, the
gelatin zymography assay showed that MMP2 and MMP9
activities were down-regulated in the RNA interference
group, when compared with the negative control (Figure
4C). LY294002 significantly inhibited the phosphorylation
of AKT, while the expression of CD276 was not signifi-
cantly changed, which suggested that CD276 functions as

the upstream of AKT. We also found that the treatment
with LY294002 alone or in combination with LV-shCD276
effectively blocked the cell invasion, migration, and tube
formation. However, the inhibitive effect of LY294002
alone on the tube formation was less favorable than
using LV-shCD276 alone or
LY294002 (Figure 5A-C).

In addition, IHC analysis revealed a decreased expres-
sion of MMP-14, MMP2 VE-cadherin, vimentin and
increased expression of E-cadherin in the xenograft
tumor tissue of the CD276-knock-down HCC cell group
when compared with those of the control cell group
(Figure 5D). These results indicated that CD276 expres-
sion may influence VM formation in vitro and in vivo
through the PI3K/AKT/MMPs signaling pathway.

in combination with

Discussion

Vasculogenic mimicry is associated with malignancy and
poor clinical prognosis in HCC.® Given the association
between aggressive tumors and VM, it is necessary to
seek VM-targeted therapies in the light of their formation
and induction mechanism.

Previous studies have shown that CD276 is aberrantly
expressed in HCC cells. Its high expression can promote
the proliferation, adhesion, migration, and invasion capa-
city of tumor cells.'®?° Furthermore, CD276 is identified
as a cell-surface tumor endothelial marker that can distin-
guish pathological and physiological angiogenesis.*’
A recent study has shown that antibody-drug conjugates
(ADCs) with a conventional pyrrolobenzodiazepine war-
head targeting CD276 may eradicate both cancer cells and
tumor vasculature, destroying large established tumors and
metastases, and improving the long-term overall
survival.>' Therefore, CD276 seems to be an ideal target
for anti-vascular therapy that simultaneously destroys both
tumor endothelial vessels and VM. Yet, the relationship
between CD276 and VM has not been reported so far.

In this study, we found that CD276 protein expression
was associated with the presence of VM and poor prog-
nosis of HCC patients. Consequently, we transfected
a CD276-targeting shRNA lentiviral vector into two
HCC cell lines (Huh7 and Bel7404) to further examine
its effect on cell biological behavior in vitro and in vivo.
The Western blotting analysis showed that CD276 protein
expression was significantly down-regulated in both cell
lines. Moreover, CD276 knockdown decreased the prolif-
eration, invasion, migration, and tube formation in vitro.

VE-cadherin is usually present during VM formation in
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Figure 2 CD276 knock-down led to less HCC cells proliferation, invasion and migration in vitro. (A) Endogenous expression of CD276 in various human HCC cell lines by
Western blotting. CD276 was highly expressed in Bel7404 and Huh7 cells and the two cell lines were selected for subsequent experiments. (B) Bel7404 and Huh7 cells were
transfected with lentiviral vectors containing shRNA specific to CD276 (LV-shCD276) and a non-targeted control shRNA (LV-NC). Cells without any treatment were used
as blank control (Control). The protein expression of CD276 in cells was evaluated by Western blotting. (C) CCK8 proliferation assay demonstrated that CD276
knockdown inhibited the cellular proliferation ability in HCC cell lines (*p< 0.05). (D) The invasion and migration assays of down-regulated CD276 expression in Bel7404
and Huh?7 cells were performed with Transwell chambers. The representative images and the quantification of the results are presented as mean * SD; Scale bar represents
200um (*p< 0.05). (E) Wound-healing assays of down-regulated CD276 expression in Bel7404 and Huh7 cells were performed. The representative images and the
quantification are presented as mean * SD; Scale bar represents 200um (*p<0.05).

tumor cells and is a significant marker for VM, exclusively  cells and observed less VM formation in mice injected
expressed in highly aggressive tumor cells.'” Furthermore, ~ with CD276-knock-down HCC cells. These data suggested
we established an orthotopic xenograft model of HCC that CD276 expression might have an essential role in VM
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Figure 3 RNA interference of CD276 inhibited VM formation of HCC cell lines in vitro and in vivo. (A) The 3D VM formation assay was performed to analyze the
formation of the vascular-like tube in HCC cells. The representative images and the quantification of the results are presented as mean * SD; scale bar, 200um (*p< 0.05);
(B) Immunofluorescence analyses showed that CD276 knock-down decreased the expression of VE-cadherin in Bel7404 and Huh-7cells; Scale bar represents 50 um.
Original magnification: 400%; (C) CD276 knock-down inhibited VM formation in an orthotopic transplant mouse model of HCC cells. The letter “T” represents tumor
tissue and “N” represents normal liver tissue. The black arrows indicate blood vessels formed by endothelial cells (PAS-/CD31+) and the red arrows indicate the VM vessel
(PAS+/CD31-). In addition, CD276 knock-down also led to a reduced tumor weight. The representative images and the quantification of the results are presented as mean +
SD (¥p< 0.01).
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Figure 4 CD276 promoted vasculogenic mimicry formation via the PI3K/AKT/MMPs pathway and EMT induction in HCC. (A) Correlations between CD276 and key
molecules of the PI3K/AKT/MMPs pathway were analyzed using the GEPIA database. (B) Bel7404 (left) and Huh7 (right) cells were pretreated with LV-NC or LV-shCD276
or LY294002 (20 pM) and protein levels of CD276, AKT, p-AKT, MMP14, MMP2, VE-cadherin, E-cadherin and vimentin were then detected by Western blotting. (C)
Activation of MMP2 and MMP9 was evaluated by gelatin zymography and their activities were both down-regulated in the RNA interference group, as compared with the
negative control (¥p< 0.05; *p< 0.05).

formation in HCC. However, the underlying mechanisms Previous studies have suggested that CD276 may pro-
though which CD276 expression affects the formation of mote tumor aggression and invasion by regulating the

VM remain unclear. expression and activities of matrix metalloproteinases
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Figure 5 The activation of the PI3K/AKT/MMPs signaling pathway and EMT might be important mechanisms involved in CD276-promoting VM formation in HCC. (A) LY294002,
aPI3K inhibitor; suppressed the invasion of HCC cells in vitro, just as CD276 knockdown did. The representative images and the quantification of the results are presented as mean * SD;
Scale bar represents 200um (*p< 0.05). (B) Tanswell migration assay showed that LY294002 also suppressed the migration of HCC cells in vitro. The representative images and the
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representative images and the quantification of the results are presented as mean # SD; Scale bar represents 200um (*p< 0.05, compare to LV-NC treatment group, respectively; *p<
0.05, compare to LY292004 treatment group, respectively). (D) Immunohistochemical analysis showed that CD276 knock-down decreased the protein levels of MMP 14, MMP2, VE-
cadherin, vimentin, and increased the protein expression of E-cadherin in the orthotopic transplant mouse model of HCC cells.

(MMPs).>*3> MMPs are a broad family of zinc-biding
endopeptidases that are implicated in a variety of mechan-
isms promoting tumor progression.** Specifically, MMP2
and MMP14 are reported to be significantly related to VM
formation in gallbladder carcinoma.”> MMP2 exerts
a strong proteolytic effect on the extracellular matrix.

MMP14, also known as membrane type-1 matrix metallo-
proteinase (MT1-MMP), can enhance collagen IV degra-
dation by forming a complex with the tissue inhibitor of
metalloproteinase 2 and activating pro-MMP2.%¢ In the
initial step of VM formation, the invading cancer cells
may lose cell-cell adhesion, increase their motility, and
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secrete MMPs to dissolve the basal membrane.’” It has
been reported that MMP2 or MMP14 antibodies can inhi-
bit VM formation.”® In this study, the expression and
activation of MMPs in HCC cells were examined by
Western blotting and gelatin zymography assay. The
results showed that CD276 protein expression was posi-
tively correlated with MMP14/MMP2 expression and
MMP2/MMP9Y activation, thus suggesting that CD276
may affect the VM formation by regulating the expression
and activity of MMPs in HCC cells.

As the PI3K/AKT/MMPs signaling pathways have
been reported as a key regulatory pathway of VM forma-
tion in gallbladder carcinomas and melanoma,*®
suspect that CD276 may also affect VM formation through
the PI3K/AKT/MMPs signaling pathway. To examine this
hypothesis, we explored the correlation between CD276

we

and key molecules of this signaling pathway in GEPIA
and found a significant positive correlation. Then, we
down-regulated the expression of CD276 expression in
HCC cells in vitro by using lentivirus-mediated RNA
interference. As a result, the inhibition of AKT phosphor-
ylation and down-regulation of MMP2 and MMP14
expression were evident. Subsequently, we used the PI3K
inhibitor LY294002 to assess its effect on the VM forma-
tion of HCC. The results showed that LY294002 signifi-
cantly inhibited the phosphorylation of AKT and blocked
the effect of cell invasion, migration, tube formation, but
did not significantly change the expression level of
CD276. Therefore, we propose that CD276 may function
as the upstream of AKT. Interestingly, we found that
CD276 knock-down seems to have a better inhibitory
tube than LY294002
A reasonable explanation for this may be that down-

effect on formation alone.
regulating CD276 to inhibit the formation of vasculogenic
mimicry may also involve other molecular pathways,
which should be further addressed by subsequent studies.

The expression of VE-cadherin and vimentin was
down-regulated in the cells with CD276 knockdown,
whereas the expression of E-cadherin was up-regulated.
These findings indicate that the effect CD276 on VM
formation in HCC may also involve epithelial-to-
mesenchymal transition (EMT). EMT describes a special
process in which epithelial cells lose many of their epithe-
lial characteristics and take on properties typical of
mesenchymal cells. It has a vital role in the malignant
progression and metastasis of tumors.?® Previous studies
have demonstrated that changes in related phenotypic

genes are often associated with the development of EMT

in epithelial tumor cells, such as a decrease in the epithe-
lial marker E-cadherin and an increase in the mesenchymal
marker vimentin.>> EMT has an important role in the
formation of VM.'? Furthermore, a previous study
reported that CD276 promotes aggression and invasion
of HCC by targeting EMT.>° Moreover, MMPs are key
mediators for the EMT process and tumor progression.*® It
has been suggested that the implication of MMPs in EMT
and tumor progression may involve three mechanisms: (a)
increased MMP levels in the tumor microenvironment can
directly promote EMT in epithelial cells; (b) tumor cells
undergoing EMT can synthesize more MMPs in order to
initiate the invasion and metastasis processes; (c) EMT can
affect peritumoral cells that participate in tumor progres-
sion to further produce MMPs.*! In light of the above data,
it is plausible that CD276 promotes VM formation by
activating the PI3K/AKT/MMPs signaling pathway and
the induction of EMT.

In summary, our study shows that CD276 promotes
vasculogenic mimicry formation via PI3K/AKT/MMPs
pathway in hepatocellular carcinoma. Down-regulation of
CD276 can inhibit the activation of the PI3K/AKT/MMPs
pathway and down-regulate the expression and activity of
MMPs in HCC cells, leading to the suppression of tumor
aggressiveness and the EMT process, which are key reg-
ulators of VM formation. These findings provide important
clues into the regulatory mechanisms underlying VM and
specifically identify CD276 as a potential new target for

the anti-vascular treatment of hepatocellular carcinoma.
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