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CD105 promotes hepatocarcinoma cell invasion and metastasis
through VEGF
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Abstract Hepatocellular carcinoma (HCC) is a leading cause
of cancer-related morbidity and mortality. Tumor neovascu-
larization is necessarily required for tumor progression and
metastasis. CD105 and vascular endothelial growth factor
(VEGF) have separately been identified as important contrib-
utors to angiogenesis; however, it is unclear if these factors
interact to promote the progression of HCC. The goal of this
study was to determine the interaction between CD105 and
VEGF in HCC, using HCC tissue samples and the human
HCC cell line SMMC-7721. In a survey of 89 HCC tumor
samples, we determined that CD105 and VEGF expressions
were positively correlated with each other and expressed at a
higher level in tumor cells. Furthermore, the expression of
CD105 was closely related to the tumor-node-metastasis

(TNM) staging of HCC, degree of tumor differentiation, portal
vein invasion, and lymph node metastasis (P<0.05). Next, we
used a lentiviral system to stably overexpress CD105 in
SMMC-7721 cells, which was confirmed at the messenger
RNA (mRNA) and protein level. We observed that VEGF
expression was increased in these cells, as was cell motility
and migration, as assessed using a wound healing assay and
Transwell chamber system, respectively. Using VEGF small
interfering RNA (siRNA), we also demonstrated that elevated
VEGF expression is required to promote increased cell motil-
ity and migration in CD105-overexpressing cells. In conclu-
sion, we interpret our data to prove that CD105 promotes the
invasion and metastases of liver cancer cells by increasing
VEGF expression. These results provide a new theoretical and
experimental basis for the treatment of liver cancer.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy in the world, and the third leading cause of
cancer-related death after gastric and esophageal cancer [1].
Usually, HCC develops as the result of an underlying chronic
liver disease progressing to become cancerous [2]. Currently,
surgery and liver transplantation are the preferred treatment
choices, but recurrence and metastasis still occur in 30–40 %
of patients 5 years after surgery [3]. Therefore, apart from
increasing efficacy of curable surgery, an effective therapeutic
strategy is highly demanded.

Recent studies have confirmed that neovascularization
plays a considerable role in tumor metastasis. Tumor angio-
genesis is an extremely complex process, regulated by a
plethora of factors, of which CD105 plays an essential role
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[4]. Quackenbush and Letarte identified the membrane anti-
gen endoglin for the first time in 1985 [5]. In 1993, at the fifth
meeting of “the international workshop on human leukocyte
differentiation antigens,” all monoclonal antibodies used to
detect endoglin were defined as one cluster of differentiation
(CD), numbered 105 (i.e., CD105). CD105 is highly
expressed on endothelial cells of nascent tumor blood vessels
and vascular endothelial cells of the tumor margin and is
considered an ideal target in tumor therapy to inhibit tumor
angiogenesis [6]. It is known that CD105 is regulated by
different environmental factors and cytokines in the process
of angiogenesis [7] and is also thought to play an important
role in vasculogenesis and maintaining vascular integrity;
however, its mechanism of action has not been fully clarified.

Vascular endothelial growth factor (VEGF) has many func-
tions, including the promotion of endothelial cell proliferation,
increasing vascular permeability to facilitate migration of
endothelial cells, inducing tumor angiogenesis, and maintain-
ing regrowth of tumors [8]. Indeed, VEGF is known to be an
angiogenic factor with the greatest activity and specificity.
Liver tumors are rich in blood vessels, while VEGF expres-
sion is known to play a key role in tumor angiogenesis,
making it an attractive focus of research into liver cancer [9].
Previous studies have found an upregulation of CD105 in
tumors being treated with anti-VEGF anti-angiogenic therapy
as well as an increase in the number of CD105-positive blood
vessels, indicating a relationship between CD105 and VEGF
[10]. Given this observation, the question remains:What is the
role of CD105 in hepatic carcinogenesis? Furthermore, is this
potential effect connected with VEGF signaling? To address
these questions, we engineered liver cancer cells to overex-
press CD105 and measured the effect on cell invasion, meta-
static ability, and VEGF expression. We also studied the effect
of CD105 on VEGF and subsequent liver cancer invasion by
blocking VEGF expression.

Materials and methods

Clinical samples

Liver cancer tissue samples were harvested from 89 patients
who had undergone surgery for liver cancer in the Shengjing
Hospital of the China Medical University, between March
2008 and September 2010. None of the patients had received
any chemotherapy or radiotherapy before surgery. The pa-
tient’s clinicopathological data were obtained from their clin-
ical records and pathological reports. The study protocol
conformed to the ethical guidelines of the Declaration of
Helsinki (1975) and was approved by the ethics committee
of the Shengjing Hospital of the China Medical University.
All patients provided an informed consent before the study.

Cell lines and reagents

The human hepatocarcinoma cell line SMMC-7721 was ob-
tained from the American Type Culture Collection (Rockville,
MD, USA). Dulbecco’s modified Eagle’s medium (DMEM)
was purchased from Gibco BRL (Rockville, IN, USA). Fetal
bovine serum (FBS) was supplied by Haoyang Biological
Manufacturer Company (Shenyang, China). Mouse anti-
CD105 was purchased from Abcam (Cambridgeshire, En-
gland). Rabbit anti-VEGF was purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Anti-mouse IgG
horseradish peroxidase (HRP) antibody was purchased from
Zhongshan Golden Bridge (Beijing, China). Cell lysis buffer
forWestern blottingwas purchased fromBeyotime Institute of
Biotechnology (Jiangsu, China). All other reagents were from
Sigma-Aldrich (St. Louis, MO, USA) unless stated otherwise.

Cell culture

SMMC-7721 cells were routinely cultured in DMEM supple-
mented with 10 % FBS (Gibco BRL) and 100 units of
penicillin-streptomycin at 37 °Cwith 5%CO2 in a humidified
incubator.

Recombinant lentivirus construction

The Homo CD105 gene fragments were amplified by PCR.
The following primer sequences were used (GeneChem,
Shanghai, China): CD105-AgeI-F, 5′- CCA ACT TTG TGC
CAA CCG GTC GCC ACC ATG GAC CGC GGC ACG
CTC -3′, and CD105-AgeI-R, 5′- AAT GCC AAC TCT GAG
CTT TGC CAT GCC ACC ATG GCT GCT GGT GAG -3′.
The lentiviral vector GFP (GeneChem) was digested by the
restriction enzyme AgeI, and the CD105 gene fragments were
ligated into the lentiviral vector, named Ubi-SMMC-7721-
GFP. The primer 5′-CTG ACT ATC CCT GAC ATC ATC-
3′, located in the coding sequence of the CD105 gene, was
used to identify positive transformants by PCR, which were
then sequenced. Recombinant lentiviruses which coexpress
enhanced GFP and CD105 were produced by 293 T cells
following cotransfection with Ubi-MSC-EGFP-CD105 and
the packaging plasmids pHelper1.0 and pHelper2.0
(GeneChem). The virus titer was detected by quantitative
real-time PCR after concentrating and harvesting the viral
supernatant.

In vitro transcription

The SMMC-7721 cells were cultured in 12-well plates at a
density of 5×103 cells in 2 ml of DMEM+10% FBS per well.
Twenty-four hours after plating, transduction was carried out
at a multiplicity of infection of 20. After incubation at 37 °C
for 12 h, the transduction medium was replaced with fresh
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DMEM+10 % FBS. Ad-CD105-SMMC-7721 cells were ge-
netically engineered with recombinant lentivirus coexpressing
GFP and CD05 (lentivirus CD105), and Ad-GFP-SMMC-
7721 cells were manipulated with lentivirus-expressing GFP
(lentivirus GFP) to be used as a negative control. The expres-
sion of the GFP transgene in engineered SMMC-7721 cells
was confirmed by high-power fluorescence microscopy
(Nikon, Tokyo, Japan). In order to explore their viability,
engineered SMMC-7721 cells were sequentially expanded
for five passages.

Immunohistochemistry

Immunohistochemistry was performed according to standard
procedures [11]. Briefly, the sections were initially processed
for antigen retrieval (microwaving) and blocking and were
incubated with specific primary antibodies overnight at 4 °C.
Next, they were incubated with HRP-conjugated secondary
antibodies, and the expression signals were revealed using
3,3′-diaminobenzidine buffer. Phosphate-buffered saline
(PBS) was used instead of the primary antibodies as a negative
control. The results were evaluated according to the method
described by Li et al. [11].

Wound healing assay

Awound healing assay was performed according to standard
protocols [12]. Briefly, a lesion was created using a plastic
pipette tip, and after 24 h, the cells were washed twice with
PBS to remove debris. The cell monolayer was then main-
tained in serum-free DMEM and cultured for a further 24 h.
Finally, five randomly selected fields at the border of the
lesion were viewed under an inverted microscope (IX71;
Olympus, Tokyo, Japan).

Transwell invasion and migration assays

Cell invasion and migration assays were performed using a
Transwell system (Corning, Grand Island, NY, USA), accord-
ing to the manufacturer’s protocol. To assess invasion ability,
membranes were precoated with Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA). Approximately 5×104 cells in
serum-free media were added to the top chamber, and the
bottom chamber was filled with DMEM containing 10 %
FBS. After incubation for 24 h, the cells on the upper surface
of the membrane were gently removed with a cotton swab,
and the membrane was fixed in 4 % methanol for 30 min and
stained with 0.1 % crystal violet for 30 min. Cells that migrat-
ed to the bottom surface of the membrane were captured and
counted. The same experimental design was used for the
migration assay, but the membranes were not precoated with
Matrigel.

RNA interference of VEGF

Expression of human VEGF was knocked down with small
interfering RNA (siRNA) duplexes targeting the sequence
gatccc AAGGAGTACCCTGATGAGATC ttcaagaga GATC
TCATCAGGGTACTCCTT tt t t t tggaaa (sense) 5 ′-
agcttttccaaaaaa AGGAGTACCCTGATGAGATC tctcttgaa
GATCTCATCAGGGTACTCCTT g-3′ (antisense). The neg-
ative control (NC) siRNA 5′-UUC UCC GAA C-G UGU
CAC GUT T-3′ and 5′-ACG UGA CAC GUU CGG –AG
AAT T-3′ targeting an unknown messenger RNA (mRNA)
sequence was used as a control. Both siRNAs were synthe-
sized by Sigma-Aldrich. A BLAST search of the human
genome verified that the selected sequences were specific
for the target genes. Exponential growth-phase cells were
plated in six-well plates at a density of 0.5×105 cells/ml,
cultured for 24 h, and transfected with 1 μg siRNA in reduced
serum medium at 30–50 % confluence.

Quantitative reverse transcription PCR

Total RNAwas extracted with TRIzol reagent according to the
manufacturer’s protocol. Next, cDNA was synthesized from
1 μg of total RNA using a PrimeScript RT Reagent kit
(TaKaRa, Dalian, China). Real-time quantitative RT-PCR was
performed using a SYBR green PCR master mix in an Applied
Biosystems StepOne and StepOnePlus Real-Time PCR system.
The gene expression ΔCt values of mRNA from each sample
were calculated by normalizing with the reference gene glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH). All exper-
iments were repeated in triplicate to confirm the findings.

Western blotting

Western blotting was performed to confirm the results of our
immunohistochemistry. Proteins were extracted from the fresh
liver cancer tissues according to the manufacturer’s instructions
(Yafa, Wuhan). After induction, cells were harvested and pre-
pared for protein extraction [13]. The extracted proteins were
separated by 10 % SDS-PAGE and then transferred to
polyvinylidene fluoride membranes [13]. After being incubated
with 10 % nonfat milk, the membranes were probed with pri-
mary antibodies raised against CD105 (1:500), VEGF (1:500),
and GAPDH (1:3000) overnight at 4 °C and then incubated with
HRP-labeled secondary antibodies. The relative expression level
was quantified according to the reference protein GAPDH.

Statistical analyses

The correlation between tumor protein expression and the
clinicopathological features was performed using chi-square
or Fisher’s exact tests. A paired sample t test was used to
compare the protein and mRNA expression in liver tumors
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with that of their paired adjacent normal liver tissue samples.
Overall survival curves were calculated with the Kaplan-Meier
method and were analyzed with the log-rank test. Differences
or correlations between the two groups were assessed using
Student’s t test and Pearson’s correlation test. All analyses were
performed using SPSS 13.0 (SPSS, Inc., Chicago, USA). Sta-
tistical significance was defined as P<0.05.

Results

CD105 and VEGF expression in human liver cancer tissue

We assessed the CD105 and VEGF expression in tumor tissue
samples collected from 89 patients with liver cancer by im-
munohistochemistry. Our results show that CD105 was pri-
marily expressed in the cell membrane, while VEGF was
primarily expressed in the cytoplasm (Fig. 1a). Furthermore,
there was a positive correlation between CD105 and VEGF
expression (r=0.32, P=0.002). Importantly, CD105 and
VEGF expression appeared to be higher in liver cancer tumors
vs. normal liver tissue. This observation was confirmed by
Western blotting, which shows that CD105 and VEGF

expression was higher in liver cancer tissue compared to
normal liver tissue (Fig. 1b).

Relationship between CD105, VEGF, and clinicopathological
parameters

Next, we analyzed the relationship between the CD105 and
VEGF expression and the clinicopathological parameters of
patients with liver cancer (Table 1). Interestingly, we found
that CD105 and VEGF expression was closely related to the
tumor-node-metastasis (TNM) staging of HCC, the differen-
tiation degree, and lymph node metastasis (P<0.05), while it
was independent of gender, age, tumor size, and other clinical
parameters. The results suggest that CD105 has close relation
with VEGF in the progress of liver cancer. Meanwhile, the
group results suggest that CD105 and VEGF protein can be
used as indicators of clinical staging.

Lentivirus CD105 upregulates the expression of CD105
in SMMC-7721

We designed a lentivirus construct to increase the CD105
expression in SMMC-7721 cells. Our results demonstrate that
we successfully engineered these cells to express higher

Fig. 1 The protein and mRNA
expression level of CD105 and
VEGF in liver tumors.
Representative photomicrographs
of normal tissue, well-
differentiated hepatic cancer, and
poorly differentiated hepatic
cancer are shown. CD105 was
detected in the plasmalemma and
cytoplasm. VEGFwas detected in
the cytoplasm. Original
magnification, ×200.
Representative Western blot data
showing the protein expression
level of CD105 and VEGF are
also presented
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levels of CD105, as confirmed at the mRNA and pro-
tein expression level (Fig. 2a, b). In contrast, the control
construct had a little effect on CD105 mRNA and protein
expression level.

CD105 enhanced invasion and metastatic ability
of SMMC-7721 cells

In order to determine the effect of CD105 overexpression on
invasion and metastasis of liver cancer cells, we measured
these parameters in SMMC-7721 stably overexpressing
CD105. Cell motility was investigated by wound healing
assay, revealing that 48 h after scratching, CD105-SMMC-
7721 cells had healed the wound to a greater extent than the
NC group cells (Fig. 3). We then conducted a Transwell
chamber-based three-dimensional cell migration assay to in-
vestigate the impact of CD105 on directional motility. Con-
sistent with the aforementioned results, the CD105-
overexpressing cells exhibited an augmented ability to mi-
grate from the top of the chamber to the bottom during a 48-h
period (Fig. 3). Taken together, these results demonstrate that
CD105 overexpression promotes hepatocarcinoma cell
migration.

Increased VEGF expression in CD105-SMMC-7721 cells

VEGF mRNA and protein expression was measured in
SMMC-7721 cells stably overexpressing CD105. Our mRNA
data indicate that VEGF expression was increased by eight-
fold in CD105-SMMC-7721 cells compared to the NC group.
Similarly, we also found that VEGF expression was signifi-
cantly higher in CD105-SMMC-7721 cells at the protein level
(P<0.05).

Table 1 The relationship between the expression of CD105 and VEGF
and the clinicopathological parameters in hepatomas

No. CD105 VEGF

Low High P Low High P

Age

>45 39 25 14 >0.05 23 16 >0.05
<45 50 30 20 35 15

Sex

Male 50 31 19 >0.05 31 19 >0.05
Female 39 24 15 27 12

The stage of TNM

I+II 55 38 17 <0.05 36 19 <0.05
III+IV 34 17 17 22 12

Tumor (cm)

>5 34 20 14 >0.05 24 10 >0.05
<5 55 35 20 34 21

Degree of differentiation

Well 38 26 12 <0.05 27 11 <0.05
Moderate 35 21 14 25 10

Poor 16 8 8 6 10

Lymph node metastasis

Yes 57 35 22 <0.05 36 21 <0.05
No 32 20 12 22 10

Fig. 2 Successful overexpression
of CD105 in SMMC-7721 cells.
Real-time PCR analyses of
CD105 expression in vector- and
wild-type CD105-transfected
SMMC-7721 cells (a). Wild-type
transfectants exhibited
significantly increased CD105
expression. Representative
Western blot analysis of wild-type
GFP-fusion proteins in SMMC-
7721 cells (b). Column 1 positive
control, column 2 negative
control using untransfected
SMMC-7721 cells, columns 3
and 4 wild-type GFP-fusion
proteins of CD105. Phase contrast
of the transfected SMMC-7721
cells (c, d). **P<0.05
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Fig. 3 CD105 overexpression
promotes HCC cell invasion. The
effect of CD105 overexpression
on cell invasion ability, as
examined by wound healing
assay and Transwell invasion
assay (a, b). The effect of CD105
on the expression of VEGF as
evaluated by real-time PCR and
Western blot, respectively (c–e).
The results are expressed as the
mean±SD from three
independent experiments.
**P<0.05
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Blocking VEGF inhibits the invasion and metastasis
of CD105-SMMC-7721 cells

In order to verify that increased CD105 expression
promoted hepatocarcinoma cell invasion and metastases
via VEGF, we used siRNA to block the VEGF expres-
sion in CD105-SMMC-7721 cells. First, we confirmed
that VEGF siRNA effectively blocked the expression of
VEGF at the mRNA and protein level (Fig. 4). Next,
our wound healing and cell migration assay revealed that
blocking VEGF could effectively inhibit the CD105-

mediated potentiation of invasion and metastasis in CD105-
SMMC-7721 cells (Fig. 4).

Discussion

Increased fat metabolism and high rates of proliferation are
unique characteristics of tumor cells leading to a much higher
demand on oxygen, glucose, and other energy substrates
compared to normal cells [14]. Meanwhile, increasing tumor

Fig. 4 Downregulation of VEGF
by siRNA partially reverses the
effect of CD105 overexpression
on cell invasion. The protein and
mRNA expression of VEGF
which was analyzed by Western
blotting and real-time PCR is
shown in cells transfected with
VEGF siRNA (a, b). Results from
the wound healing assay and
Transwell invasion assay show
that the invasion was partially
abrogated in VEGF-silenced cells
(c, d)
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volume increases the distance between tumor cells and the
oxygen- and nutrient-supplying blood vessels, which can lead
to nutritional deficiencies in the tumor microenvironment [15,
16]. To overcome these deficiencies, neovascularization of
tumors is stimulated by tumor cells to ensure adequate supply
of the required factors [4].

Tumor angiogeneses play an important role in the tumor
metastasis and growth and provide essential nutrient sources
and transfer pathways for tumor tissue metabolism. Studies
have shown that tumor angiogenesis is affected by regulating
a variety of factors, including CD105 focused.

CD105-encoding gene is located in human chromosome
9q34-qter24, containing 633 amino acids, and is a hypoxia-
inducible protein associated with proliferation. CD105 protein
is distributed into intracellular, transmembrane, and extracel-
lular proteins, which contains 47, 25, and 561 amino acids,
respectively. Most studies have shown that CD105 plays a
major role in tumor angiogenesis diagnosis and treatment [18,
19]. Although the function of CD105 is not entirely clear,
many studies have demonstrated that it plays an important role
in the process of growth and development of blood vessels
and maintenance of vascular integrity. CD105 also has rele-
vance with tumor growth, proliferation, and metastasis. In this
respect, previous research has shown that the function of
CD105 is closely related to angiogenesis [17]. Because of
this, CD105 expression is thought to be a good molecule for
assessing the genesis and development of malignant tumors as
well as tumor prognosis [18, 19]. Currently, several studies
have shown that CD105 and VEGF play an important role in
the diagnosis of tumor angiogenesis, therapy, and other pro-
cesses [20–24]. Vascular endothelial growth factor (VEGF) is
an effective human angiogenic factor and promotes angiogen-
esis by participating in the angiogenesis process directly or
indirectly. VEGF gene is located in chromosome 6p21.3, a
total length of 14 kb, containing eight exons and seven introns.
VEGF as a major angiogenesis and vascular permeability
factor plays an extremely important role in the biological
behavior of a variety of tumors. Thus, inhibition of VEGF
can inhibit the pathological angiogenesis, tumor growth, and
metastasis. It is significant in the gene therapy of tumors.

Because of this link between CD105 and angiogenesis and
the known importance of VEGF in this process, we sought to
determine the relationship between VEGF and CD105 in HCC.

Here, we report that CD105 and VEGF expression is posi-
tively correlated in human liver tumor tissue and that the
expression of both factors was closely related to clinicopatho-
logical parameters, such as TNM, tumor size, and lymph node
metastasis. We interpret these data to indicate that CD105 and
VEGF are involved in the occurrence and development of liver
cancer; however, our data did not definitely establish that these
factors were linked. To address this issue, we engineered
SMMC-7721 cells to stably overexpress CD105. The invasion
capacity of hepatoma cell SMMC-7721-overexpressed CD105

is enhanced through permeable membrane and scratches.
CD105 promote the invasion of hepatoma cell SMMC-7721
whether has related with VEGF. Western blot and real-time
PCR results showed that the expression of VEGF protein and
mRNA-overexpressed CD105 was significantly higher than
that of the control group and increased by sixfold and eightfold,
respectively, suggesting that the ability of CD105 to promote
the invasion and metastases of liver cancer cells might be
associated with increased VEGF expression. To further dem-
onstrate the CD105 promotes invasion and metastasis of hepa-
tocellular carcinoma cells either through VEGF or not, siRNA
technology is used to block VEGF and then to test CD105
impacting the invasion and metastasis of liver cancer cells. Our
results showed that the invasion and metastasis of hepatocellu-
lar carcinoma cells was significantly inhibited by
overexpressed CD105 after blocking the expression of VEGF.
The results suggest that CD105 promotes the invasion of liver
cancer cell by promoting the expression of VEGF achieved.

This interpretation was confirmed by using siRNA to block
VEGF expression in CD105-overexpressing SMMC-7721
cells, demonstrating that the ability of CD105 to promote liver
cancer cell invasion and metastasis required elevated levels of
VEGF expression.

In conclusion, our experiments prove that CD105 and
VEGF are involved in the occurrence and development of
liver cancer and that CD105 promotes the invasion and me-
tastases of liver cancer cells by increasing VEGF expression.
These results provided a new theoretical and experimental
basis for the treatment of liver cancer.
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