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Fibulin-5 inhibits the cell proliferation,
migration and angiogenesis in glioma
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Abstract: Glioma, especially the high-grade glioma, is the most common primary brain malignant tumor, with ex-
tremely poor prognosis. Angiogenesis has been demonstrated to play a crucial role in the growth and metastasis
of glioma. Fibulin-5 is a multifunctional extracellular matrix (ECM) protein that mediates cell-cell and cell-matrix
communication. Recent evidence has suggested that Fibulin-5 is involved in angiogenesis and tumor metastasis.
However, the exact role of Fibulin-5 in glioma remains largely unclear. In the present study, immunohistochemical
staining data showed the positive expression rate of Fibulin-5 in the normal brain tissues and low grade glioma
were higher than that in high grade glioma. Moreover, the expression level of Fibulin-5 was inversely correlated
with microvessel density, and Ki-67 and HIF-1a expression in human glioma tissues. We further studied the role of
Fibulin-5 in the regulation of biological functions of vessel endothelial cells and glioma cells in vitro. Overexpression
of Fibulin-5 significantly suppressed cell proliferation via inducing a cell cycle arrest at G1 phase in HUVEC-2C cells.
Moreover, Fibulin-5 upregulation also enhanced the cell adhesion, while inhibited the migration and vessel-sprout-
ing capacities of HUVEC-2C cells. Furthermore, co-culture of glioma U251 cells and Fibulin-5-transfected HUVEC-2C
cells significantly suppressed the proliferation, migration and invasion of U251 cells. In summary, we suggest that
Fibulin-5 acts as a tumor suppressor in glioma, through inhibition of vessel formation within the microenvironment
of tumor tissues.
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Introduction participate in the regulation of vascular forma-

tion [7, 8]. Recently, the role of Fibulin-5 in

Glioma is the most common primary brain
malignant tumor [1]. Despite advances in surgi-
cal and clinical neuro-oncology, the prognosis
of high-grade glioma remains extremely poor.
The microvessel density (MVD) is an indepen-
dent index for the judgment of the grade of glio-
ma, and angiogenesis has been suggested to
be the most important factor for the develop-
mentand progression of glioma [2-4]. Therefore,
the anti-angiogenesis treatment may become a
promising therapeutic strategy for glioma.

Fibulin-5, a 448 amino acid glycoprotein, is a
member of the Fibulin family of extracellular
matrix (ECM) proteins. It mediates interaction
with cell surface integrins, including av3, av-
B5 and a9B1, and thus is involved in cell ad-
hesion [5, 6]. Moreover, it has been found to

human cancers has been gradually revealed. It
may act as an oncogene or tumor suppressor in
different types of malignant tumors. Schiemann
et al. found that overexpression of Fibulin-5
enhanced the tumorigenicity of human HT1080
fibrosarcoma cells by increasing their DNA syn-
thesis, migration toward fibronectin, and migra-
tion through synthetic basement membranes
[9]. Besides, Fibulin-5 was also found to pro-
mote nasopharyngeal carcinoma cell metasta-
sis and correlate with poor prognosis [10]. In
contrast, Fibulin-5 has also been suggested to
act as a tumor suppressor in several types of
human cancers, such as renal cell cancer,
hepatocellular carcinoma, bladder cancer, lung
cancer, and so forth [11-14]. Recently, Sheng et
al. found that the expression of Fibulin-5 in glio-
ma tissues was significantly lower than those in
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normal brain tissues, and the negative expre-
ssion of Fibulin-5 was significantly correla-
ted with advanced clinical stage as well as
a shorter overall survival of glioma patients.
Besides, overexpression of Fibulin-5 obviously
inhibited the proliferation, migration and mi-
gration of glioma U251 and U87 cells [15].
Therefore, Fibulin-5 may play a suppressive
role in the malignant progression of human
cancers including glioma. However, the detail-
ed role of Fibulin-5 in the malignant progre-
ssion of glioma, as well as the underlying me-
chanism involving angiogenesis, has not been
fully uncovered.

In the study, we examined the expression of
Fibulin-5 in glioma tissues and normal brain
tissues, and analyzed the association of Fibu-
lin-5 expression with the malignant progress-
ion and vessel formation in glioma. Moreover,
we also aimed to reveal the role of Fibulin-5 in
the regulation of biological function of vessel
cells and glioma cells, including cell prolifera-
tion, cell cycle progression, adhesion, migra-
tion, as well as angiogenesis.

Methods and materials
Tissue samples

This study was approved by the legislation
and ethical boards of Central South Univer-
sity, Changsha, China. All subjects or their
caregivers have written informed consent. Total
40 glioma tissue samples were collected
from November 2006 to April 2008 at the
Department of Neurosurgery, Xiangya Hospital
of Central South University. Among these
patients with glioma, 22 are male, and 18
female; the youngest is 7 years old, and the
oldest is 67 years old, with average old is
40.4. In addition, samples in grade-l is 7, grade-
Il 14, Grade-lll 13, grade-IV 6. No preoperative
chemotherapy, radiotherapy, or embolization
was used in these patients. All these samples
were formalin fixed and paraffin-embedded.

Immunohistochemical staining assay

The expression levels of Fibulin-5, Ki-67, Factor
VIl and HIF-1a were evaluated by using im-
munohistochemical staining. Tissue sections
of 4 um were deparaffinized and subjected
to heat-induced antigen retrieval using citrate
buffer for 22 min using a microwave oven. Then
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the sections were incubated with antibodies
against Fibulin-5 (Bioss, China), Factor VIl (ZS-
GB-Bio, China), HIF-1a (ZSGB-Bio, China) and
Ki-67 (ZSGB-Bio, China), respectively. Subse-
quently, the sections were incubated with sec-
ondary antibody for 60 min at room tempera-
ture. The reaction was developed using sub-
strate diaminobenzidine (DAB) and counter-
stained with hematoxylin, and visualized via
optical microscopy. All tissue sections were
analyzed and scored independently by three
experienced pathologists. The scoring system
was as follows: the percentage of positively
staining cells was graded as O (no staining,
negative), +: >0 and <25% of cells positive, ++:
>25 and <75% of cells positive, +++: >75%
of cells positive.

Cell culture

HUVEC-2C and U251 cell lines were purchased
from the Cell Bank of Central South University.
Cells were cultured in RMPI 1640 medium
added with 10% fetal bovine serum (FBS, Life
Technologies) at 37°C in a humidified incu-
bator containing 5% CO,. For co-culture as-
say, 24-well transwell chambers (Chemicon,
CA, USA) were used. U251 cells (1x10°%) were
seeded in the lower chamber, while HUVEC-2C
(1x10°) were seeded in the upper chamber.

Plasmid construction and transfection

The lenti-virus vector pGC-FU was used to
construct the Fibulin-5 expressing plasmid,
named pGC-FU-Fibulin-5, which was then co-
transfected into 293T cells with pHelper 1.0
and Helper 2.0 using Lipofectamine 2000
(Life Technologies) according to the manufac-
ture’s instruction. Lenti-virus expressing Fibu-
lin-5 was then used to infect HUVEC-2C cells.
Western blot was conducted to select HUVEC-
2C cells which stably expressed Fibulin-5.

Western blot

Cells were solubilized in cold RIPA lysis buffer.
Proteins were separated with 12% SDS-PAGE,
and transferred onto a polyvinylidene difluoride
(PVDF) membrane. The membrane was incu-
bated with TBST containing 5% skimmed milk
at 37°C for 2 h. Then, the membrane was incu-
bated with mouse anti-Fibulin-5 (1:100; Sigma
Aldrich), and mouse anti-GAPDH primary anti-
bodies (1:200; Sigma Aldrich), respectively, at
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Figure 1. The Fibulin-5 expression in normal brain tissues and gliomas of different grades. Immunohistochemical
staining was performed to examine the expression of Fibulin-5 in normal brain tissues and glioma samples of dif-

ferent grades.

Table 1. Postive expression rate of fibulin-5 in normal brain tis-

sues and gliomas

incubation at 37°C for 4 h, the
MTT medium was removed by

Fibulin-5 protein

aspiration and 50 ul of DMSO

was added to each well. After

Group n .

- + ++ +++ Positive rate
Normal braintissue 7 0 4 2 1 100.0%"
Grade -l 21 8 5 6 2 61.9%"
Grade IlI-IV 19 15 4 0 O 21.1%

Mean IRS_ reacting for 10 min at room tem-
4.5713.21 perature, formazan production
3.33+3.47" was detected by measurement

0.421+0.902 of the optical density (OD) at

“P<0.05 vs. Grade IlI-IV.

Table 2. Postive expression of fibulin-5 in
gliomas

Fibulin-5 protein

Group n

-+ ++ +++ Positive rate
Male 22 12 4 4 2 45.5%
Female 18 11 5 2 0 38.9%
<40year 19 11 4 4 0 42.1%
>40year 21 12 5 2 2 42.9%

room temperature for 2 h. After washed by
PBST for 4 times with 10 min each time, the
membrane was incubated with the goat anti-
mouse secondary antibodies (1:5000; Sigma
Aldrich) at 4°C overnight. After washed by PB-
ST for 4 times with 10 min each time, ECL kit
(Pierce Chemical, Rockford, IL, USA) was used
to perform chemiluminent detection. Image-
Pro plus software 6.0 was used to analyze
the relative protein expression, represented
as the density ratio versus GAPDH.

Cell proliferation assay

MTT assay was used to measure cell proli-
feration. At 72 h post-transfection, 100 pl cell
suspension (5000 cells/ml) was seeded into
96-well plate, and incubated at 37°C with 5%
CO, for 6 h, 12 h, 24 h, and 48 h, respectively.
For MTT assay, the transfection medium in
each well was replaced by 100 ul of fresh
serum-free medium with 0.5 g/I MTT. After
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492 nm using an ELX-800 type
ELISA reader (Bio-Tek, VT, USA).

Cell adhesion assay

For cell adhesion assay, each well in 24-well
plate was pre-coated with collagen. After that,
20000 cells in each group were seed in each
well, and cultured at 37°C, 5% CO, for 30 min.
After washed with PBS for two times, cells
were fixed and then stained for 20 min, and
then rinsed by water, and dried in air. Adhesive
cells were observed and numbered under the
microscope (Nikon).

Cell migration assay

To determine the cell migratory capacity, cells
were cultured to confluence. Wounds of approx-
imately 1 mm width were created with a plastic
scriber, and cells were washed and incubated
in a serum-free medium. After wounding for
24 h, cells were incubated in a medium includ-
ing 10% fetal bovine serum. Cultures at O and
48 h were fixed and observed under a micro-
scope (Nikon).

Cell invasion assay

For cell invasion assay, 24-well transwell cham-
bers pre-coated with matrigel (Chemicon, CA,
USA) were used. For each group, cell suspen-
sion (200000 cells/ml) was prepared in serum
free DMEM, and 500 ul of DMEM with 10% FBS
was added into the lower chamber, and 200 ul
of cell suspension was added into the upper

Int J Clin Exp Pathol 2016;9(9):8943-8952
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Figure 2. Correlations between Fibulin-5 expression and the expression of MVD, Ki-67, and HIF-1a. The correlations between the Fibulin-5 expression and the ex-
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Figure 3. Inhibitory effect of Fibulin-5 on proliferation of HUVEC-2C cells. (A) Real-time RT-PCR and (B) western blot
were conducted to determine the mRNA and protein level of Fubulin-5 in HUVEC-2C cells transfected with Fibulin-5
plasmid or blank vector as negative control (NC), respectively. Non-transfected HUVEC-2C cells were used as Con-
trol. After that, (C) MTT assay and (D) flow cytometry were conducted to determine the cell proliferation and cell cycle
distribution, respectively. **Means P<0.01 vs. Control.

chamber. After incubation at 37°C with 5%
CO, for 24 h, those non-migratory cells were
removed, and cells through the membrane
were stained for 20 min, and then rinsed by
water, and dried in air, and observed under
the microscope.

Statistical analysis

Continuous variables were expressed as mean
+ SD. Categorical variables were expressed as
percentages. SPSS 16.0 was used for statis-
tical analyses. Correlations between Fibulin-5
expression and clinicopathologic characteris-
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tics in glioma were assessed using the x? test
or Fisher exact test. For in-vitro experiments,
statistical analysis of differences was per-
formed by one-way analysis of variance (ANO-
VA) or Student t test. P<0.05 was considered
statistically significant.

Results

Expression of Fibulin-5 in glioma and normal
brain tissues

We firstly examined the expression of Fibulin-5,
Ki-67, Factor VIll and HIF-1« in 40 cases prima-

Int J Clin Exp Pathol 2016;9(9):8943-8952
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Figure 4. Inhibitory effect of Fibulin-5 on adhesion and migration of HUVEC-2C cells. A. Cell adhesion assay was
conducted to examine the adhesive capacity of HUVEC-2C cells transfected with Fibulin-5 plasmid or blank vector
as negative control (NC), respectively. Non-transfected HUVEC-2 cells were used as Control. B. Wound healing assay
was conducted to determine the migratory capacity. **Means P<0.01 vs. Control.

ry glioma as well as 7 normal brain tissues
by immunohistochemical staining. Our data
showed that the positive expression rate of
Fibulin-5 in the normal brain tissues and low
grade glioma were higher than those in high
grade glioma (Figure 1; Table 1). In addition,
there was no significant difference between
male and female, as well as different ages
(Table 2). Microvessel density (MVD) was cal-
culated according to the expression level of
Factor VIIl. We further analyzed the correla-
tions between the Fibulin-5 expression and
the expression levels of Ki-67, MVD and HIF-
1, respectively. As shown in Figure 2A-C, the
expression level of Fibulin-5 was inversely cor-
related with MVD, Ki-67, and HIF-1a expression
in human glioma (R=-0.455, -0.779, -0.320,
respectively; P=0.003, 0.000, 0.044, respec-
tively). However, although the expression level
of Fibulin-5 in the normal brain tissues and
the low grade glioma were higher than that
in the high grade glioma, the difference was
not significant (data not shown). In summary,
we suggest that the positive expression rate of
Fibulin-5 is inversely correlated with the malig-
nant progression of glioma as well as the an-
giogenesis within the tumor microenvironment.
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Inhibitory effect of Fibulin-5 on proliferation,
adhesion, migration and vessel-sprouting abili-
ties of HUVEC-2C cells

To further study the role of Fibulin-5 in the regu-
lation of the biological functions of vessel cells,
we transfected HUVEC-2C cells with Fibulin-5
plasmid or blank vector as negative control
(NC), respectively. Non-transfected HUVEC-2C
cells were used as Control. After transfection,
the mRNA and protein expression of Fibulin-5
was significantly upregulated compared to the
Control group (Figure 3A and 3B). We further
performed MTT assay to determine the cell pro-
liferation in each group. As shown in Figure 3C,
overexpression of Fibulin-5 markedly sup-
pressed the proliferation capacity of HUVEC-2C
cells compared to the Control group. As cell
cycle progression plays a key role in cell prolif-
eration, we further investigated the cell cycle
distribution, and found that overexpression of
Fibulin-5 induced a cell cycle arrest at G1 phase
(Figure 3D), suggesting that the inhibitory
effect of Fibulin-5 on HUVEC-2C cell prolifera-
tion is due to the cell cycle arrest at G1 stage.

We further investigated the role of Fibulin-5 in
the regulation of vessel cell adhesion and

Int J Clin Exp Pathol 2016;9(9):8943-8952
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Figure 5. Inhibitory effect of Fibulin-5 on vessel-sprouting abilities of HUVEC-2C cells. HUVEC-2C cells were trans-
fected with Fibulin-5 plasmid or blank vector as negative control (NC), respectively. Non-transfected HUVEC-2 cells
were used as Control. The vessel length (mm) and the number of vascular junctions generated by HUVEC-2C cells

were calculated. **Means P<0.01 vs. Control.

migration. As demonstrated in Figure 4A and
4B, overexpression of Fibulin-5 significantly
enhanced cell adhesion while inhibited cell
migration of HUVEC-2C cells, compared to the
control group. After that, we studied the role of
Fibulin-5 in the regulation of the vessel-sprout-
ing ability of vessel cells. As shown in Figure 5,
transfection with Fibulin-5 significantly inhibit-
ed the vessel-sprouting ability of HUVEC-2C
cells, compared to the control group, suggest-
ing that Fibulin-5 has a suppressing effect on
angiogenesis.

Co-culture of glioma U251 cells and Fibulin-5-
transfected HUVEC-2C cells suppressed U251
cell proliferation, migration and invasion

We further investigated the effect of HUVEC-
2C cells overexpressing Fibulin-5 on the malig-
nant phenotypes of glioma cells. Glioma U251
cells and Fibulin-5-transfected HUVEC-2C cells
were co-cultured to generate the microenviron-
ment of glioma. In the control group, U251 cells
were co-cultured with non-transfected HUVEC-
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2C cells. In the NC group, U251 cells were co-
cultured with the HUVEC-2C cells transfect-
ed with blank vector. After that, we conducted
MTT assay, wound healing assay, and transwell
assay to determine the cell proliferation, migra-
tion and invasion of U251 cells in each group.
As shown in Figure 6A-C, overexpression of
Fibulin-5 in HUVEC-2C cells significantly sup-
pressed the proliferation, migration and inva-
sion of U251 cells under co-culture, when com-
pared to the control group, respectively. There
findings suggest that overexpression of Fibu-
lin-5 in HUVEC-2C cells may have suppressive
effects on glioma growth.

Discussion

Fibulin-5 is an integrin-binding ECM protein that
mediates EC adhesion. Recent evidence has
suggested that Fibulin-5 is involved in angio-
genesis and tumor metastasis. However, the
exact role of Fibulin-5 in glioma remains largely
unclear. In the present study, we found that the
positive expression rate of Fibulin-5 in the nor-

Int J Clin Exp Pathol 2016;9(9):8943-8952
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Figure 6. Co-culture of glioma U251 cells and Fibulin-5-transfected HUVEC-2C cells suppressed U251 cell prolif-
eration, migration and invasion. Glioma U251 cells and Fibulin-5-transfected HUVEC-2C cells were co-cultured to
generate the microenvironment of glioma. In the control group, U251 cells were co-cultured with non-transfected
HUVEC-2C cells. In the NC group, U251 cells were co-cultured with the HUVEC-2C cells transfected with blank vector.
(A) MTT assay, (B) wound healing assay and (C) transwell assay were performed to examine the proliferation, migra-

tion and invasion of U251 cells. **Means P<0.01 vs. Control.

mal brain tissues and low grade glioma were
higher than that in high grade glioma. Moreover,
the expression level of Fibulin-5 was inversely
correlated with MVD as well as Ki-67 and HIF-
da expression in human glioma tissues. In-vitro
investigation showed that overexpression of
Fibulin-5 significantly suppressed cell prolifera-
tion via inducing a cell cycle arrest at G1 phase
in HUVEC-2C cells. Moreover, Fibulin-5 upregu-
lation also enhanced the adhesion, but inhibit-
ed the migration and vessel-sprouting capaci-
ties of HUVEC-2C cells. Furthermore, co-culture
of glioma U251 cells and Fibulin-5-transfected
HUVEC-2C cells suppressed the proliferation,
migration and invasion of U251 cells.

Fibulin-5 is secreted by various cell types,
including ECs, vascular smooth muscle cells,
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and fibroblasts, contributing to the formation of
elastic fibers by binding to tropoelastin and
fibrillin-1, and to cross-linking enzymes, aiding
elastic fiber assembly [16]. It has been demon-
strated that Fibulin-5 is important for normal
embryonic development and organogenesis.
For instance, mice deficient in Fibulin-5 exhibit
systemic elastic fiber defects with manifesta-
tions of loose skin, emphysematous lung, tortu-
ous aorta, and genital prolapse [17, 18]. Re-
cently, Fibulin-5 has been suggested to be
associated with the inhibition of tumorigenesis
through its control of cell proliferation, motility
and angiogenic sprouting. Wlazlinski et al.
found that Fibulin-5 was frequently downregu-
lated in prostate cancer [19]. In our study, we
showed that the positive expression rate of
Fibulin-5 was significantly lower in high grade

Int J Clin Exp Pathol 2016;9(9):8943-8952
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glioma, when compared to low grade glioma
and normal brain tissues. Recently, Sheng et al.
showed similar findings that the expression of
Fibulin-5 in glioma tissues was significantly
lower than those in normal brain tissues.
Besides, they also found that the negative
expression of Fibulin-5 was significantly corre-
lated with advanced clinical stage (grade llI+IV)
as well as a shorter overall survival of glioma
patients, and demonstrated that Fibulin-5 was
an independent factor for predicting overall
survival of glioma patients [15]. Based on these
findings and ours, we suggest that downregula-
tion of Fibulin-5 contributes to the malignant
progression of glioma, and is tightly associated
with poor prognosis of glioma patients.

It has been well-established that angiogenesis
plays a key role in tumor progression [20].
Therefore, anti-angiogenesis becomes an
important and effective strategy for the treat-
ment of human cancers including glioma. For
instance, Li et al. showed that the high efficacy
of lidamycin and the synergistic effects of
lidamycin plus temozolomide against glioma
are mediated, at least in part, by the potentiat-
ed anti-angiogenesis [20]. Moreover, various
factors have been found to regulate angiogen-
esis in glioma, and thus may be used as prom-
ising therapeutic targets or candidates. Huang
et al. found that VE-statin/Egfl7 siRNA inhibited
angiogenesis in malignant glioma in vitro [21].
In addition, meriolins are a new class of cyclin-
dependent kinase inhibitors, and can suppress
cell proliferation and neo-angiogenesis in glio-
ma [22]. In this study, we showed that Fibulin-5
had suppressive effects on the proliferation,
migration and vessel-sprouting capacities of
HUVEC-2C cells, suggesting that Fibulin-5 can
inhibit angiogenesis in vitro. In fact, Sullivan et
al. have reported that Fibulin-5 function as an
inhibitor molecule in initial sprouting and/or
migration of ECs [23]. They showed a significant
increase in vascular invasion, with no increase
in fibroblast migration, into sponges removed
from Fibulin-5 knockout (KD) mice compared
with wild-type mice. Besides, they suggested
that VEGF and angiopoietins might be involved
in Fibulin-5-mediated angiogenesis [23].

In addition, the dual roles of Fibulin-5 have
been suggested in a variety of human cancers.
For instance, Tu et al. found that Fibulin-5 inhib-
ited the migration and invasion of hepatocellu-
lar carcinoma cells by inhibition of matrix metal-
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loproteinase-7 expression [12]. On the contrary,
Shi et al. reported that the high expression of
Fibulin-5 was associated with the malignant
clinicopathologic parameters in gastric cancer
and Fibulin-5 knockdown inhibited cell prolifer-
ation and invasion in gastric cancer cells [24].
Therefore, the dual roles of Fibulin-5 seem to
be tumor specific. Recently, Sheng et al. found
that overexpression of Fibulin-5 markedly inhib-
ited the proliferation, migration and invasion of
glioma U251 and U87 cells [15]. In our study,
we showed that overexpression of Fibulin-5 in
HUVEC-2C cells significantly inhibited U251 cell
proliferation, migration and invasion under co-
culture, suggesting that inhibition of angiogen-
esis within the tumor microenvironment may
contribute to the suppression of tumor growth
and metastasis.

In summary, our study revealed a crucial role of
Fibulin-5 in the regulation of angiogenesis with-
in the glioma microenvironment, and suggests
that Fibulin-5 may become a potential candi-
date for the treatment of glioma.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Renjun Peng, De-
partment of Neurosurgery, Xiangya Hospital of
Central South University, No. 87 Xiangya Road,
Changsha 410008, Hunan, P. R. China. Tel: +86-
731-89753739; Fax: +86-731-89753739; E-mail:
xiangyarenjunpeng@qq.com

References

[1] Auffinger B, Thaci B, Ahmed A, Ulasov | and
Lesniak MS. MicroRNA targeting as a thera-
peutic strategy against glioma. Curr Mol Med
2013; 13: 535-542.

[2] ChenYS and Chen ZP. Vasculogenic mimicry: a
novel target for glioma therapy. Chin J Cancer
2014; 33: 74-79.

[3] Stiver SI. Angiogenesis and its role in the be-
havior of astrocytic brain tumors. Front Biosci
2004; 9: 3105-3123.

[4] Lamszus K, Kunkel P and Westphal M. Invasion
as limitation to anti-angiogenic glioma therapy.
Acta Neurochir Suppl 2003; 88: 169-177.

[6] Lomas AC, Mellody KT, Freeman LJ, Bax DV,
Shuttleworth CA and Kielty CM. Fibulin-5 binds
human smooth-muscle cells through alpha-
5betal and alphadbetal integrins, but does
not support receptor activation. Biochem J
2007; 405: 417-428.

Int J Clin Exp Pathol 2016;9(9):8943-8952


mailto:xiangyarenjunpeng@qq.com

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Fibulin-5 inhibits glioma

Preis M, Cohen T, Sarnatzki Y, Ben Yosef Y,
Schneiderman J, Gluzman Z, Koren B, Lewis
BS, Shaul Y and Flugelman MY. Effects of fibu-
lin-5 on attachment, adhesion, and prolifera-
tion of primary human endothelial cells.
Biochem Biophys Res Commun 2006; 348:
1024-1033.

Li F, Xu H, Zeng Y and Yin ZQ. Overexpression
of fibulin-5 in retinal pigment epithelial cells
inhibits cell proliferation and migration and
downregulates VEGF, CXCR4, and TGFB1 ex-
pression in cocultured choroidal endothelial
cells. Curr Eye Res 2012; 37: 540-548.

Xie L, Palmsten K, MacDonald B, Kieran MW,
Potenta S, Vong S and Kalluri R. Basement
membrane derived fibulin-1 and fibulin-5 func-
tion as angiogenesis inhibitors and suppress
tumor growth. Exp Biol Med (Maywood) 2008;
233: 155-162.

Schiemann WP, Blobe GC, Kalume DE, Pandey
A and Lodish HF. Context-specific effects of
fibulin-5 (DANCE/EVEC) on cell proliferation,
motility, and invasion. Fibulin-5 is induced by
transforming growth factor-beta and affects
protein kinase cascades. J Biol Chem 2002;
277:27367-273717.

Hwang CF, Shiu LY, Su LJ, Yu-Fang Y, Wang WS,
Huang SC, Chiu TJ, Huang CC, Zhen YY, Tsai HT,
Fang FM, Huang TL and Chen CH. Oncogenic
fibulin-5 promotes nasopharyngeal carcinoma
cell metastasis through the FLJ10540/AKT
pathway and correlates with poor prognosis.
PLoS One 2013; 8: e84218.

Ohara H, Akatsuka S, Nagai H, Liu YT, Jiang L,
Okazaki Y, Yamashita Y, Nakamura T and
Toyokuni S. Stage-specific roles of fibulin-5 dur-
ing oxidative stress-induced renal carcinogen-
esis in rats. Free Radic Res 2011; 45: 211-
220.

Tu K, Dou C, Zheng X, Li C, Yang W, Yao Y and
Liu Q. Fibulin-5 inhibits hepatocellular carci-
noma cell migration and invasion by down-reg-
ulating matrix metalloproteinase-7 expression.
BMC Cancer 2014; 14: 938.

Hu Z, Ai Q, Xu H, Ma X, Li HZ, Shi TP, Wang C,
Gong DJ and Zhang X. Fibulin-5 is down-regu-
lated in urothelial carcinoma of bladder and
inhibits growth and invasion of human bladder
cancer cell line 5637. Urol Oncol 2011; 29:
430-435.

Yue W, Sun Q, Landreneau R, Wu C, Siegfried
JM, Yu J and Zhang L. Fibulin-5 suppresses
lung cancer invasion by inhibiting matrix metal-
loproteinase-7 expression. Cancer Res 2009;
69: 6339-6346.

8952

(15]

[17]

(19]

[20]

[22]

(23]

(24]

Sheng XD, Chen H, Wang H, Ding ZB, Xu GZ,
Zhang JF, Lu WC, Wu T and Zhao L. Fibulin-5 is
a prognostic marker that contributes to prolif-
eration and invasion of human glioma cells.
Asian Pac J Cancer Prev 2015; 16: 769-773.
Yanagisawa H, Schluterman MK and Brekken
RA. Fibulin-5, an integrin-binding matricellular
protein: its function in development and dis-
ease. J Cell Commun Signal 2009; 3: 337-347.
Nakamura T, Lozano PR, lkeda Y, Iwanaga Y,
Hinek A, Minamisawa S, Cheng CF, Kobuke K,
Dalton N, Takada Y, Tashiro K, Ross J Jr, Honjo
T and Chien KR. Fibulin-5/DANCE is essential
for elastogenesis in vivo. Nature 2002; 415:
171-175.

Yanagisawa H, Davis EC, Starcher BC, Ouchi T,
Yanagisawa M, Richardson JA and Olson EN.
Fibulin-5 is an elastin-binding protein essential
for elastic fibre development in vivo. Nature
2002; 415: 168-171.

Wiazlinski A, Engers R, Hoffmann MJ, Hader C,
Jung V, Muller M and Schulz WA. Downregu-
lation of several fibulin genes in prostate can-
cer. Prostate 2007; 67: 1770-1780.

Li XQ, Ouyang ZG, Zhang SH, Liu H, Shang Y, Li
Y and Zhen YS. Synergistic inhibition of angio-
genesis and glioma cell-induced angiogenesis
by the combination of temozolomide and en-
ediyne antibiotic lidamycin. Cancer Biol Ther
2014; 15: 398-408.

Huang C, Yuan X, Li Z, Tian Z, Zhan X, Zhang J
and Li X. VE-statin/Egfl7 siRNA inhibits angio-
genesis in malignant glioma in vitro. Int J Clin
Exp Pathol 2014; 7: 1077-1084.

Jarry M, Lecointre C, Malleval C, Desrues L,
Schouft MT, Lejoncour V, Liger F, Lyvinec G,
Joseph B, Loaec N, Meijer L, Honnorat J,
Gandolfo P and Castel H. Impact of meriolins,
a new class of cyclin-dependent kinase inhibi-
tors, on malignant glioma proliferation and
neo-angiogenesis. Neuro Oncol 2014; 16:
1484-1498.

Sullivan KM, Bissonnette R, Yanagisawa H,
Hussain SN and Davis EC. Fibulin-5 functions
as an endogenous angiogenesis inhibitor. Lab
Invest 2007; 87: 818-827.

Shi XY, Wang L, Cao CH, Li ZY, Chen J and Li C.
Effect of Fibulin-5 on cell proliferation and in-
vasion in human gastric cancer patients. Asian
Pac J Trop Med 2014; 7: 787-791.

Int J Clin Exp Pathol 2016;9(9):8943-8952



