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Protein of Vascular Endothelial Growth Inhibitor 174 Inhibits
Epithelial-Mesenchymal Transition
in Renal Cell Carcinoma In Vivo
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Abstract. Background: Vascular endothelial growth inhibitor
(VEGI) is a member of the tumor necrosis factor superfamily,
identified as an anti-angiogenic cytokine. However, the effect
of VEGI on epithelial-mesenchymal transition (EMT) in renal
cell carcinoma (RCC) is still unknown. Materials and
Methods: In this study, protein VEGI174 was designed and
synthesized. Renal cell carcinoma A498 cells were implanted
into immune-deficient mice to establish tumor models. Two
groups were included: control group treated with saline, and
VEG/174-treated group. Data of tumor growth were collected
every 3 to 4 days. Two weeks later, the tumor specimens were
harvested for immunohistochemical staining of EMT markers
(E-cadherin, N-cadherin, vimentin). Results: Compared to the
saline-treated group, the VEGI174-treated group showed
significant inhibition of tumor growth (p<0.05). The
expression of E-cadherin was significantly higher in the
VEGI174-treated group compared to the saline-treated group
(p<0.01). However, the expression of N-cadherin and vimentin
were reduced in the VEGI174-treated group. Conclusion: Our
findings indicate that VEG/174 prevents progression and
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tumor metastasis through inhibiting EMT in RCC in vivo. This
may provide a new approach for the treatment of RCC.

Renal cell carcinoma (RCC) is the most common malignancy
of the kidney (1). It generally arises from the renal
epithelium and accounts for ~85% of all renal malignancies
(2). In the United States, about 63,990 cases of kidney
cancer are expected to occur and lead to more than 14,400
deaths in 2017 (3). One-third of patients present with locally
advanced or metastatic disease, and ~20-40% of those who
undergo surgical resection of the primary tumor will develop
metastatic disease (4). Metastatic RCC has a poor prognosis,
with a median overall survival of 12 months and a 5-year
survival rate of less than 10%, which seriously affects
patients’ quality of life (5).

Over the past decade, significant progress has been made
in the development of targeted therapies for patients with
advanced RCC (6). The majority of these targeted therapies
directly or indirectly inhibit the vascular endothelial cell
growth factor (VEGF) pathway. RCC appears to be a tumor
uniquely sensitive to strategies that target and inhibit tumor-
associated angiogenesis. However, despite the advent of
these agents, such as sunitinib, sorafenib, temsirolimus,
bevacizumab and axitinib, the benefits are limited and many
patients with advanced RCC experience progression during
therapy and eventually die of their disease. It has become
clear that RCC is not a single disease but exhibits a variety
of different clinical courses, responding differently to
targeted therapies. Therefore, new strategies or targets are
needed for the treatment of these patients.

Vascular endothelial growth inhibitor (VEGI), a member
of the tumor necrosis factor superfamily, has been identified
as an anti-angiogenic cytokine (7, 8). The gene (Gene ID:
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Table 1. Characteristics of the antibodies used in the study.

Antibody Catalog number Description Dilution Manufacturer
E-Cadherin ab76319 Rabbit monoclonal 1:100 Abcam, UK
Vimentin ab92547 Rabbit monoclonal 1:250 Abcam, UK
N-Cadherin ab18203 Rabbit polyclonal 1:500 Abcam, UK
Vascular endothelial cell growth factor ab53465 Rabbit polyclonal 1:500 Abcam, UK
Secondary antibody PV-9001 HRP Anti-Rabbit IgG - Zhongshan Golden Bridge Biotech

Company (Beijing, China)

9966) encoding it is located on human chromosome 9q32.
The full-length of VEGI gene is ~17 kb, which consists of
four exons and three introns. Three alternatively spliced
isoforms of VEGI, VEGI174, -192, and -251 have been
documented, sharing 151 common C-terminal amino acids
but differing in their A-terminal regions. The initially
reported VEGI protein consists of 174 amino acids which
can be divided into two parts: the 1-25 amino acid residues
at the N-terminus are intracellular and transmembrane
domain; and the 26-174 amino acid residues at the C-
terminus form an extracellular domain (9, 10). Expression of
VEGI has been found in kidney, bladder, prostate, lung,
breast and colon tissues (11-18). Our previous studies
showed that VEGI overexpression significantly reduced
cellular motility and adhesion of prostate and bladder cancer
cells and suppressed renal cell carcinoma growth in vivo (14-
19). The results revealed that VEGI has inhibitory effects on
tumors and it is meaningful to further study its biological
functions in tumors.

In the present study, protein VEGI174 was synthesized.
The effect of VEGI174 on tumor growth and epithelial—
mesenchymal transition (EMT) was evaluated in vivo. EMT
is a key event in tumor invasion and metastasis. Uncovering
the relationship between VEGI174 and EMT will provide a
more comprehensive understanding of the biological
function of VEGI174.

Materials and Methods

Biosynthesis of VEGI174 protein. VEGI174 protein was
biosynthesized by WuHan Moon Biosciences Limited Company
(WuHan, China). The amino acid sequence of VEGI174 protein is
MRRFLSKVYS FPMRKLILFL VFPVVRQTPT QHFKNQFPAL
HWEHELGLAF TKNRMNYTNK FLLIPESGDY FIYSQVTFRG
MTSECSEIRQ AGRPNKPDSI TVVITKVTDS YPEPTQLLMG
TKSVCEVGSN WFQPIYLGAM FSLQEGDKLM VNVSDISLVD
YTKEDKTFFG AFLL (GenBank: AAD08783.1). The test sample
was qualified by WuHan Moon Biosciences Limited Company.

Cell line and culture. RCC cell line A498 was provided by Sun Yat-

Sen University Laboratory (Guangzhou, China). A498 cells were
cultured in Eagle’s minimum essential medium (Hyclone, Thermo
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Fisher Scientific Inc., Waltham, MA, USA), containing 10% fetal
bovine serum (FBS; Gibco Life Technologies, Grand Island, NY,
USA), 100 unit/ml penicillin, and 100 pg/ml streptomycin (Hyclone,
Thermo Fisher Scientific Inc.). Cultures were maintained at 37°C in
a humidified atmosphere of 95% air and 5% CO,.

Animals and ethics statement. All female BALB/c nude mice (4-6
weeks, 16-20 g) were supplied by Beijing FuKang Bioscience
Limited company (SPF, Beijing, China; Animal Certificate No.:
11401300025891). All procedures related to animal handling, care,
and treatment in this study were performed according to the
guidelines approved by the Institutional Animal Care and Use
Committee of Crown Bioscience following the guidance of the
Association for Assessment and Accreditation of Laboratory
Animal Care.

Animal experiments. Ten BALB/C nude mice were randomly
divided into two groups: Group 1: Saline-treated control group, and
group 2: VEGI174-treated group. In the tumor xenograft
experiment, 3x10% A498 cells were subcutaneously injected into the
right lateral axilla of the nude mice. The administration of saline
(50 ul/mouse) or VEGI174 (5 mg/kg, 50 ul/mouse) injection was
initiated in mice when the tumor size reached 200 mm3. Treatments
were injected into the tumors every 2 days. The diameters of
developing tumors were evaluated twice each week. Tumor volumes
were calculated according to the following equation: tumor volume
(mm3)=(lengthxwidth2)/2, where length and width were measured
as the maximum and the minimum tumor diameters, respectively
(20). At the end of the experiment, the animals were sacrificed with
cervical dislocation, and the tumor specimens were harvested.

Immunohistochemical staining. Immunohistochemical assay was
performed on tumor tissues in accordance with a standard
immunostaining protocol. Paraffin sections were deparaffinized in
xylene, washed in decreasing alcohol concentrations, and rehydrated
in deionized water. Antigen retrieval was performed in 0.1 M citrate
buffer for 10 min at 98°C. Endogenous peroxidase activity was
blocked by immersing the slides in 3% hydrogen peroxide for
10 min. The slides were incubated at 4°C overnight with different
primary antibodies at assay-dependent concentration. The
characteristics of the antibodies used in the study are listed in Table
I. The slides were then incubated with polyperoxidase-anti-
mouse/rabbit IgG. Peroxidase reaction was performed using 3,3’-
diaminobenzidine (DAB; Zhongshan Gloden Bridge Biotech
Company, Beijing, China). Finally, the slides were counterstained
with hematoxylin, dehydrated using the aforementioned alcohol
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Figure 1. The tumor growth curves of saline-treated group and
VEGI174-treated group. Tumor growth was much slower in the
VEGI174-treated group compared with the saline-treated group.

series for 2 min each, cleared in two changes of xylene for 2 min,
and mounted with xylene-based mounting medium.

Evaluation of immunohistochemical staining. Evaluation of staining
reaction was performed in accordance with the immunoreactive
score (IRS) proposed by Remmele and Stegner (21): IRS=SIxPP,
where P1 is the staining intensity and PP the percentage of positively
stained cells. An SI scored 0 when negative; 1, weakly stained; 2,
moderately stained; and 3, strongly stained. PP scored 0 when
negative; 1, with 10% positively stained cells; 2, 11-50% positively
stained cells; 3, 51-80% positively stained cells; and 4, more than
80% positively stained cells. Ten visual fields from different areas
of each tumor were used for the IRS evaluation.

Statistical analysis. All of the statistical analysis was performed
with SPSS 19.0 software (IBM Corp., Armonk, NY, USA). The
measurement data are reported as the meanzstandard deviation.
Comparisons among IRS data sets were made with paired ftest.
Differences were considered to be statistically significant when the
p-value was less than 0.05.

Results

VEGI174 inhibited RCC cell growth in vivo. The A498
implantation tumor rate in nude mice was 100%, and then
the nude mice were randomly selected and treated with
saline or VEGI174 every 2 days by intra-tumoral injection.
The mean A498 tumor volume at baseline was similar in the
two groups. VEGI174 treatment significantly reduced the
tumor growth, as shown by tumor size compared with the
saline control (Figure 1).

Expression of EMT markers and VEGF. The expression of
E-cadherin protein was primarily localized on the cell
membrane. Compared with the saline-treated tumor tissues,
the IRS of the VEGI174-treated group was significantly

Saline-treated group
B VEGI174-trested group
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Figure 2. Immunoreactive scores for epithelial-mesenchymal transition
markers (E-cadherin, N-cadherin and vimentin) and vascular
endothelial cell growth factor (VEGF). Compared to the saline-treated
group, the expression of E-cadherin was significantly higher in the
VEG/I174-treated group. However, the expression of N-cadherin and
vimentin was reduced in VEGI174-treated tumor tissues. The expression
of VEGF was significantly lower in the VEGI174-treated group
compared to the saline-treated group. Significantly different at
**p<0.07 and ***p<0.001.

higher (p<0.01, Figure 2). Compared with the saline-treated
tumor tissues, E-cadherin positivity was significantly higher
in VEGI174 treated tissues (Figure 3A). The expression of
N-cadherin was detected in the cytoplasm. The IRS for N-
cadherin for the VEGI174-treated group was significantly
lower than that of the saline-treated group (p<0.01, Figure
2). The N-cadherin-positive rate in the saline-treated tumor
tissues was higher than in the VEGI174-treated tissues
(Figure 3B). Vimentin was also located in the cytoplasm.
The IRS for vimentin for the VEGI174-treated group was
significantly lower than that of the saline-treated group
(p<0.001, Figure 2). The expression of vimentin was higher
in the saline-treated tumor tissues compared with the
VEGI174-treated tissues (Figure 3C). The expression of
VEGF was distributed in the cytoplasm and extracellular
matrix. The IRS for VEGF for the VEGI174-treated group
was significantly lower than that of the saline-treated group
(p<0.01, Figure 2). Compared with the saline-treated group,
the expression of VEGF was significantly decreased in
VEGI174-treated tumor tissues (Figure 3D).

Discussion
VEGI174 is a cytokine that belongs to the TNF ligand
family. The protein is abundantly expressed in endothelial

cells. This cytokine is a ligand for receptor TNFRSF25 and
decoy receptor 3 (DR3) (22). It can activate nuclear factor-
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kappa-binding (NF-xB) and mitogen-activated protein kinase
(MAPK), and acts as an autocrine factor to induce apoptosis
in endothelial cells (11). The cytokine also inhibits
endothelial cell proliferation, and thus may function as an
angiogenic inhibitor (23). Multiple studies have investigated
the expression and bio-functions of VEGI in cancer. Parr et
al. reported that VEGI is aberrantly expressed in breast
cancer and has a prognostic relevance. Patients with breast
tumors expressing reduced levels of VEGI had a poorer
prognosis than patients expressing high levels of VEGI (13).
Chew et al. reported that overexpression of VEGI abrogated
xenograft tumor progression by reducing the tumor growth
rate and microvessel density (9). VEGI was also found to
regulate the biofunctions of many tumor cell lines: such as
breast carcinoma (MCF-7), epithelial (HeLa) and myeloid
(U-937 and ML-1a) tumor cells (24, 25). Furthermore, our
previous studies demonstrated that overexpression of VEGI
inhibited in vitro cell motility, vascular endothelial tube
formation and tumor growth in vivo (14-18).

In this study, we detected the biological effects of VEGI174
protein on tumors implanted in mice. The tumor growth
curves showed that tumor growth in the VEGI174-treated
group was slower than that of the saline-treated group. This
result was consistent with VEG/774 gene overexpression
experiments in RCC cell lines (16). The expression level of
VEGF that was detected by IHC was significantly decreased
in the VEGI174-treated group compared to the saline-treated
group. Zhang et al. reported that VEGF gene expression could
be suppressed by TNFSF15 (VEGI)-stimulated activation of
the Jun AN-terminal kinase-GATA binding protein 3 (JNK-
GATA3) signaling pathway (26). Qi et al. found that VEGI
inhibited vasculogenesis by regulating relative levels of
membrane-bound and soluble isoforms of VEGF receptor 1
(23). Therefore, this suggested that VEGI174 protein
inhibition of tumor growth may depend on negatively
regulating the expression of VEGF.

Furthermore, we investigated the effect of VEGI174
protein on epithelial-mesenchymal transition (EMT). In
recent years, numerous studies demonstrated that activation

Figure 3. The expression of epithelial-mesenchymal transition markers
(E-cadherin, N-cadherin and vimentin) and vascular endothelial cell
growth factor (VEGF) in the saline-treated group and VEGI174-treated
group. A: The expression of E-cadherin (yellow staining) was lower in the
saline-treated group than in the VEGI174-treated group. B: The expression
of N-cadherin (yellow staining) was higher in the saline-treated group than
in the VEGI174-treated group. C: The expression of vimentin (brown
staining) was higher in the saline-treated group than VEG/174-treated
group. D: The expression of VEGF (yellow brown staining) was higher in
the saline-treated group than VEGI174-treated group. (Original
magnification: x200, insets: x400).

of EMT is a key event in the tumor invasion process (27-29).
EMT is a biological phenomenon which frequently occurs in
tumor tissues and is associated with local invasion and distant
metastasis. It has been studied in multiple cancer types such
as those of the digestive tract, pancreas, liver, prostate and
breast (30-36). Zhang et al. demonstrated that EMT enhanced
the invasion and migration of HCC cells (37). Chu et al.
showed that EMT was closely related to cell migration and
invasion in breast cancer (38). Therefore, further study is
essential to investigate the relationships between VEGI174
and EMT. It will help to provide insights into the biofunctions
of VEGI174 and may provide a potential therapy for RCC.

There was a significant difference in the expression levels
of EMT markers between the saline-treated and VEGI174-
treated groups. Compared with the saline-treated group, the
expression level of E-cadherin was significantly higher in the
VEGI174-treated group. However, the expression levels of
N-cadherin and vimentin were decreased in VEGI174-treated
tumor tissues. E-Cadherin is an intercellular adhesion
molecule that enhances the connections between cells and
maintains the stability of the cytoskeleton. Many signaling
pathways promote EMT by suppressing expression of E-
cadherin (39, 40). N-Cadherin, a well-known EMT marker,
acts as a major oncogene in diverse cancer types. A universal
hallmark of the EMT phenotype is the loss-of-function of E-
cadherin and gain-of-function of N-cadherin in tumorigenesis
(41, 42). Vimentin is overexpressed in malignant epithelial
cancers and correlates with poor prognosis. Abundant
evidence indicates that vimentin regulates mesenchymal cell
shape and mammary epithelial cell migration, and plays a role
in regulating signal transduction, necessary for EMT
induction (43-45). According to our results, the mesenchymal
markers were down-regulated, while the epithelial marker
was up-regulated in the VEGI174-treated group. This
demonstrated that VEGI174 inhibited EMT in vivo.

In conclusion, our study showed that VEGI174 protein not
only inhibited tumor growth but also regulated the process
of EMT in implantation of RCC tumors. It also suggests that
VEGI174 may play a crucial role against RCC development
and metastasis. It also may provide a new approach for the
treatment of RCC. In subsequent studies, more biological
functions of VEGI174 in RCC and the mechanisms of
molecular regulation should be carefully elucidated.
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