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Nogo-B promotes the epithelial-mesenchymal transition
in HeLa cervical cancer cells via Fibulin-5
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Abstract. Cervical cancer is a common malignancy in women
worldwide, and the occurrence of invasion and metastasis is
the major cause for most cancer-related deaths. Epithelial-
mesenchymal transition (EMT) has been implicated in the
metastasis of primary tumors and provides molecular mecha-
nisms for cervical cancer metastasis. We previously reported
that Nogo-B mediates cell motility by binding Fibulin-5.
Herein, we show that the increased expression of Nogo-B is
correlated with the degree of cervical cancer metastasis. In
HeLa cervical cancer cells, overexpression of Nogo-B induces
the EMT and promotes cell migration and invasion, while
inhibiting cell adhesion. Furthermore, we found that Nogo-B
accumulates and co-localizes with Fibulin-5 in pseudopods,
and the downstream effects of overexpression of Nogo-B on
cell motility could be partially abolished by RNA interference
against Fibulin-5. These results suggest that Nogo-B functions
as an inducer of cervical cancer metastasis and that this effect
is mediated, at least in part, through Fibulin-5.

Introduction

Cervical carcinoma is the second most prevalent female cancer
worldwide. Despite the generally good prognosis for early-stage
cervical cancer patients, many patients still die as a result of
metastasis and recurrence (1). How cervical cancer cells
acquire the ability to invade surrounding tissue is unclear, but
epithelial-mesenchymal transition (EMT) likely plays a role (2).
Unfortunately, little information is available on the regulation
of EMT in cervical cancer cells and on the association of EMT
program with clinical outcome of cervical cancer patients.
EMT is an intricate process by which epithelial cells lose
their epithelial characteristics and acquire a mesenchymal-like
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phenotype (3). EMT was originally described in early embryo-
genesis as an essential process for specific developmental
stages that require migration and transient dedifferentiation of
embryonic epithelial cells (4). In recent years, EMT has been
described as a relevant process in tumor progression and is not
only implicated in tumor invasion but also in other stages during
metastasis and in therapeutic resistance (5).

Nogo isoforms (Nogo-A, -B and -C) belong to the reticulum
super family of proteins (6). These three isoforms share a
conserved reticulum homology domain (RHD), which contains a
66-aa loop domain termed Nogo-66 (7). Nogo-B/ASY is widely
expressed in many cell types and was originally characterized
as a novel human apoptosis-inducing protein (8). Nogo-B/
ASY overexpression induces apoptosis through ER stress
and ER-specific signaling pathways (9). Recent studies have
shown that Nogo-B plays a role in cell adhesion and migration
(7,10,11); the amino terminus of Nogo-B (AmNogo-B) promotes
the adhesion and migration of endothelial cells and negatively
regulates platelet-derived growth factor-induced migration in
smooth muscle cells (11).

Fibulin-5 is a recently identified fibulin family member
(12). Distinguished from other fibulins, Fibulin-5 contains a
conserved RGD motif that binds to integrins and mediates
endothelial cell adhesion (13,14). Fibulin-5 can also suppress
angiogenesis in an RGD-dependent manner (15).

We previously reported that Nogo-B binds to Fibulin-5
both in vitro and in vivo. In this study, using HeLa cells as
a model, we found that overexpression of Nogo-B promotes
epithelial-mesenchymal transitions in a Fibulin-5-dependent
manner. These results may contribute to a better understanding
the function of Nogo-B in tumor cell migration and cancer
metastasis.

Materials and methods

Patients and samples. We collected a total of 55 tissue
specimens, including 14 normal cervical tissues, 10 cervical
intraepithelial neoplasia (CIN) tissues, 31 cervical cancer
tissues between September 2010 and December 2011 in Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology. Normal cervical tissues were derived
from the patients who underwent hysterectomy due to nonma-
lignant disease. Cervical cancer tissues were obtained from
primary untreated patients under colposcopy. Tumor stage
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Table I. Clinicopathological data for 55 patients providing
cervical tissues.

Characteristic Cancer CIN Normal
(n=31) (n=10) (n=14)

Age (mean + SD) 47+6.2 39+3.6 41459
Grade

Gl 11

G2 12

G3 8
Stage

I-1I 19

II-1v 12
HPYV infection

+ 31 9 3

- 0 1 11
CIN classification

CIN1 3

CIN2-3 7

and grade were determined according to the International
Federation of Gynecology and Obstetrics standards (FIGO).
Clinicopathological data for these patients are shown in
Table I. Informed consents were obtained from all the patients.

This study was approved by the Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University of
Science and Technology. All the samples were immediately
snap-frozen and stored in liquid nitrogen (-180°C). To obtain
homogeneous and histological well-characterized samples for
RNA analyses, the nature of the tissue and its specified composi-
tion were determined by an experienced pathologist. All cancer
samples contained at least 80% tumor tissues without necrosis.
Normal cervical samples were verified to be free of any cervical
lesions. CIN samples were verified to contain at least 80% CIN
tissues.

Antibodies and reagents. Anti-Nogo-B, anti-Fibulin-5 and anti-
[-actin antibodies, horseradish peroxidase-conjugated anti-goat
and anti-rabbit IgG antibodies, Cy3-conjugated goat anti-rabbit
IgG antibodies and FITC-conjugated rabbit anti-goat IgG anti-
bodies were purchased from Santa Cruz Biotechnology, Inc.
Anti-E-cadherin, anti-N-cadherin and anti-vimentin antibodies
were purchased from Cell Signaling Technology.

Real-time PCR. Total RNA from tissues and cells was isolated
by using the AxyPrep Multisource Total RNA miniprep kit
(Axygen) and reverse transcribed by PrimeScript RT Master
Mix Perfect Real-time (Takara). The resulting cDNA samples
were amplified by real-time PCR using gene-specific primer
sets in conjunction with the SYBR Premix Ex Taq (Takara) in
an Mx3000P instrument. The qPCR was performed with the
following conditions: activation at 95°C for 5 min followed
by 40 cycles of denaturation at 94°C for 15 sec, amplification
at 60°C for 30 sec, elongation at 72°C for 30 sec. In the last, a
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cycle of solubility curve was added to examine the amplification
quality. For all RT-PCR analyses, GAPDH mRNA was used
to normalize the RNA inputs. The primer sequences used to
amplify the genes are listed in Table II.

Cell culture and transfection. Human cervix epithelial adeno-
carcinoma HeLa cells were cultured in a humidified 5% CO,
incubator at 37°C in DMEM supplemented with 10% fetal
bovine serum (FBS). DNA transfections were performed
using the FuGene HD Transfection Reagent (Roche), and RNA
transfections were performed using the X-tremeGene siRNA
Transfection Reagent (Roche). Stable HeLa cells overex-
pressing Nogo-B were constructed by transfection and selected
with puromycin. HeLa cells stably overexpressing the empty
vector were used as a negative control and are referred to as
Blank.

RNA interference. The pSilencer 3.0 recombinant vectors were
constructed by inserting 64-mer synthetic DNA oligonucle-
otides that encode two 19-nt reverse complements with
homology to a portion of the target gene. For the three Nogo-B
siRNA constructs, siAl: (5-GTTTGCAGTGTTGATGTGG-3'),
siA2: (5'-GTCCCTGGATTGAAGCGCAA-3") and siA3:
(5-ATCAGATGAAGGCCACCCA-3"), the respective target
sequences are nt 903-921, nt 1092-1110 and nt 741-759. The
siRNAs against Fibulin-5 (sc-43121) were purchased from Santa
Cruz Biotechnology, Inc. and a scrambled siRNA was used as
a control.

Immunofluorescence. HeLLa cells were fixed in 4% paraformal-
dehyde for 15 min at 25°C, followed by permeabilization in 1%
Triton X-100. The cells were then washed with PBS and blocked
with 0.5% BSA for 1 h at 25°C. Then, the cells were incubated
with primary antibody at 4°C overnight, washed three times
with PBS, incubated with secondary antibody for 45 min at
room temperature, washed five times with PBS and mounted on
a slide with 50% glycerol. Confocal images were captured with
a Leica TCS SP2 AOBS MP.

In vitro cell migration and invasion assays. Cell invasion and
migration assays were performed as described (16). Briefly,
the cells were starved with serum-free DMEM for 24 h before
performing the assays, and the cells were then added in DMEM
with 0.1% FBS to the upper chamber of a Transwell plate
(Costar) containing a membrane with 8-um pores. For the cell
migration assays, the cells were allowed to migrate for 12 h
into the lower chamber containing DMEM with 10% FBS. The
cell invasion assays were similarly performed, except that cells
were cultured on inserts with Matrigel (BD Biosciences) and
allowed to invade for 24 h. Finally, the cells that invaded the
synthetic basement membranes were fixed and stained with
crystal violet.

In vitro wound healing assays. HeLa cells (2x10%) were plated
in 35-mm cell culture dishes in 1.5 ml of DMEM. When the
cells grew to approximately 85% confluence, the wounds were
made by scratching the monolayer culture using a sterile 200-u1
micropipette tip. The cells were then washed four times with
2 ml of PBS (warmed to 37°C) for ~30 sec per wash to remove
any floating cells; 1.5 ml of culture medium was then added.
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Figure 1. mRNA expression pattern of Nogo-B in cervical cancer. The Nogo-B mRNA expression in each tissue sample was relative to the GAPDH mRNA
from the same sample. Nogo-B expression are plotted as mean + SD according to (A) Normal/Cancer, (B) tumor stages or (C) tumor grades.

Table II. Primer sets for real-time PCR.

Gene Primer sequence

Nogo-B F: 5'-GCAGTGTTGATGTGGGTATTT-3'
R: 5-CTGTGCCTGATGCCGTTC-3'

E-Cadherin F: 5'-CAGGTCTCCTCATGGCTTTGC-3'
R: 5-CTTCCGAAAAGAAGGCTGTCC-3'

N-Cadherin F: 5'-ATGCCCAAGACAAAGAAACC-3'
R: 5-CTGTGCTTGGCAAGTTGTCT-3'

Vimentin F: 5'-GATGCGTGAGATGGAAGAGA-3'
R: 5-ATTTCAACGCCTCCAAGAAG-3'
Slug F: 5-ATTTCAACGCCTCCAAGAAG-3'
R: 5'-CGAGGTGAGGATCTCTGGTT-3'
Snail F: 5-GAAGATGCACATCCGAAGC-3'
R: 5-GGAGAATGGCTTCTCACCAG-3'
TWIST1 F: 5'-CGGACAAGCTGAGCAAGAT-3'
R: 5'-GGACCTGGTACAGGAAGTCG-3'
ZEBI1 F: 5“AACGGAAACCAGGATGAAAG-3'
R: 5-TTGTCACACAGGTCACATGC-3'
ZEB2 F: 5-CAAGTTCAAGTGCACGGAGT-3'

R: 5'-GTTTGGGCATTCGTAAGGTT-3'

The wounded regions were marked on the outer bottom surface
of the plate. Several selected fields (n=4) from each wound and
plate (time 0) were photographed using an inverted light micro-
scope. The culture plates were placed back in the humidified
cell incubator and incubated at 37°C, 5% CO, for up to 18-24 h.
The same wound fields from each plate were photographed
every 6-8 h until the wound was completely closed.

Statistics. The data are presented as the mean + SD. SPSS 17.0
software (SPSS Inc., Chicago, IL, USA) was used for all statis-
tical analyses with P<0.05 considered statistically significant.

Results
Expression pattern of Nogo-B in cervical tissue samples.

Samples including 14 normal cervical tissues, 10 cervical
intraepithelial neoplasia (CIN) tissues, 31 cervical cancer

tissues were analyzed by real-time PCR. Data were organized
and presented as mean + SD according to tumor stage (T1-T2/
T3-T4) or grade (G1/G2-G3), and Nogo-B mRNA expression
in each group were normalized to normal cervical tissue group
(Fig. 1). We used one-way ANOVA statistics to analyse vari-
ance between normal tissues, CIN tissues and cancer tissues.
The results showed that the expression of Nogo-B increased
in cervical cancer (Fig. 1A, P=0.0438), and the increased
expression of Nogo-B was correlated with tumor stage (Fig. 1B,
P=0.0005) and grade (Fig. 1C, P=0.0109).

Overexpression of Nogo-B inhibits HeLa cell proliferation. The
function of a protein is always related to its distribution. Thus,
we first determined the cellular localization of endogenous
Nogo-B in HeLa cells using immunofluorescence. The results
showed that Nogo-B, similar to other RTN family members, is
mainly distributed in the cytoplasm and especially in the endo-
plasmic reticulum (ER) (Fig. 2A). In addition, we observed a
low level of Nogo-B that was localized to the plasma membrane
(PM) (Fig. 2A). Western blotting confirmed these observations;
we detected endogenous Nogo-B expression both in the ER and
on the PM (Fig. 2B).

To further investigate the effect of Nogo-B, we established
several stable cell lines by overexpressing Nogo-B in HeLa
cells (Fig. 2C). Among these, the NB-2 and NB-4 cell lines
were selected to use in subsequent assays because they highly
and moderately overexpressed Nogo-B, respectively, relative
to the original HeLa cells.

During the establishment of Nogo-B stable transfectants,
we had noted that the highly expressing Nogo-B HeLa cell
lines grew more slowly with respect to the original HeLa cell
line. Thus, we used the MTT assay to determine the prolif-
erative rate of these HeLa cell lines. The results confirmed our
observation: cells overexpressing Nogo-B had decreased cell
proliferation (Fig. 2D). Duplicate proliferation assays demon-
strated a similar effect. The average proliferation rates of NB-2
and NB-4 were only 1.64+0.15% and 1.57+0.08%, respectively,
which were both lower than the proliferation rate of Blank cells
(1.87+0.21).

Nogo-B promotes EMT in HeLa cells. We previously reported
that Nogo-B could regulate cancer cell motility, and EMT has
been described as a relevant process in tumor metastasis. Thus,
we examined the effect of Nogo-B on EMT. We compared
the cell adhesion, migration and invasion capabilities between
the Blank, NB-4 and NB-2 HelLa cells, which had different
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Figure 2. Nogo-B functions as a tumor suppressor gene in HeLa cells. (A) The distribution of endogenous Nogo-B in HeLa cells. HeLa cells were stained with a
goat anti-Nogo-B antibody followed by a FITC anti-goat antibody (green) to visualize the localization of Nogo-B. The localization of endogenous Nogo-B was
clearly observed in the ER and on the plasma membrane. (B) The components of the plasma membrane (PM) and endoplasmic reticulum (ER) were extracted
from HeLa cells, and equivalent proteins were detected by western blotting. The results showed that Nogo-B was expressed mainly in the ER but also on the
PM. (C) Western blotting of Nogo-B expression in Blank and different stably expressing Nogo-B cell lines. (D) The proliferation curves of Blank, NB-2 and

NB-4 cells, which show that Nogo-B suppresses HeLa cell proliferation.

expression levels of the Nogo-B protein. The results showed
that Nogo-B enhanced cell migration (Fig. 3B) and invasion
(Fig. 3C) but inhibited the adhesion of HeLa cells (Fig. 3A) in a
dose-dependent manner. This was especially true in the wound
healing assay where we observed that HeLa cells had a random
migration pattern (Fig. 3D), which has been described as novel
mesenchymal behavior. Then, we analyzed the expression
of EMT-related markers by western blotting. E-cadherin, an
epithelial marker, was significantly downregulated in Nogo-B
overexpressing cells compared with the empty vector-trans-
fected cells. In contrast, the proteins N-cadherin and vimentin,
two mesenchymal markers, were upregulated in Nogo-B
overexpressing cells compared with the control cells (Fig. 3E).
Altogether, these data suggest that Nogo-B promotes EMT in
HeLa cells.

Nogo-B and Fibulin-5 co-localize in pseudopods and enhance
pseudopod formation. Due to the difference in cell behavior
between the high and low Nogo-B overexpressing HeLa cells
and the Blank HeLa cells, we investigated the other changes
between the Nogo-B overexpressing cells and the Blank cells.
‘We compared the morphological images of these three cell lines
and found that the Nogo-B overexpressing cell lines formed
more pseudopods than did the Blank cells. The number of
pseudopod cells formed increased with the increase of Nogo-B
expression (Fig. 4C).

Our previous study indicated that Nogo-B could interact with
Fibulin-5 and increase Fibulin-5 secretion. Therefore, to further
characterize the stimulation of Nogo-B overexpression on the
behavior of HeLa cells, we performed a double immunostaining

of Nogo-B and Fibulin-5 in the Nogo-B overexpressing cell line
(NB-2), control cell line (Blank) and Blank cells transfected
with SiA3 (a siRNA against Nogo-B, showed in Fig. 4B). The
images of Nogo-B/Fibulin-5 staining revealed that, in NB-2
cells, Nogo-B and Fibulin-5 tended to accumulate in pseudo-
pods (Fig. 4Acl-e3). In contrast, the distribution of Nogo-B and
Fibulin-5 in Blank cells was almost the same with a slight gath-
ering around the nucleus (Fig. 4Abl-b3). Additionally, in Blank
cells transfected with SiA3, the ER that contained Nogo-B
became porous (Fig. 4Aal) and incomplete, and the cells became
rounded. Moreover, the secretion of Fibulin-5 was inhibited,
and Fibulin-5 accumulated in the cytoplasm (Fig. 4Aa2). We
can also observe that the immunostaining of Nogo-B accumu-
lated in different types of pseudopods, including filopodium
(Fig. 4Acl) and lamellipodium (Fig. 4Adl). The enrichment of
Nogo-B and Fibulin-5 in these pseudopods was much higher
than that of the surrounding areas (blue arrow).

Of note, in Fig. 4Ael-e3, we found that Nogo-B was present
and that Fibulin-5 was absent from the tops of some pseudo-
pods (white triangles), which may be evidence that Nogo-B
functions as a carrier to bring Fibulin-5 to the membrane.

Downregulation of Fibulin-5 blocks EMT induced by Nogo-B.
Since Fibulin-5 plays an important role in cell motility and
is involved in cancer metastasis, we proposed that the EMT
induced by overexpression of Nogo-B may be through its
binding with Fibulin-5. Thus, we introduced a siRNA against
Fibulin-5 (SiF5), which significantly downregulated the expres-
sion of the Fibulin-5 protein (Fig. 5A). Then, we examined the
effect of SiF5 on EMT and cell motility in NB-2 cells that had
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Figure 3. Nogo-B promotes EMT in HeLa cells. The adhesion (A), migration (B) and invasion (C) of NB-2, NB-4 and Blank cells were examined by MTT
or transwell assays. The left images show the experimental results from one experiment, while the right histogram shows three independent assays presented
as the means + SE. The data are presented as percentages relative to Blank cells. (D) The in vitro wound healing assay exhibited different migration abilities
of the NB-2, NB-4 and Blank cells. Additionally, the NB-2 and NB-4 cells also exhibited a random migration pattern, which has been described as a novel
mesenchymal behavior. (E) Immunoblot analysis of epithelial (E-cadherin) and mesenchymal (N-cadherin and vimentin) marker proteins in NB-2, NB-4 and
Blank cells.

the highest Nogo-B expression. As expected, compared with We also analyzed the mRNA and protein expression of
NB-2 cells transfected with a scrambled RNA, the migration =~ EMT-related markers. The results showed that after SiF5
and invasion levels of NB-2 cells transfected with SiF5 were transfection, E-cadherin was visibly upregulated, while other
downregulated, while the adhesion level was upregulated  mesenchymal markers, such as N-cadherin and vimentin, or
(Fig. 5D). EMT inducers, such as Snail, TWIST1,ZEB1 and ZEB2, were
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Figure 4. Nogo-B and Fibulin-5 co-localized in pseudopods and enhanced their formation. (A) The intracellular immunostaining of anti-Nogo-B and anti-
FBLN-5 antibodies in the Blank cell line transfected with the SiA3 plasmid, Blank cell line and NB-2 cell line. Nogo-B and Fibulin-5 tend to accumulate in
pseudopods (blue arrows). Scale bars; 20 ym. (B) SiA3, a siRNA against Nogo-B, significantly reduced Nogo-B expression. (C) The expression of Nogo-B
enhanced the formation of pseudopods. The data show five independent assays presented as the means + SE and as percentages relative to Blank cells.

downregulated. These results suggest that the EMT procedure
induced by Nogo-B overexpression had been blocked by
Fibulin-5 downregulation. Thus, Nogo-B may promote EMT
through Fibulin-5.

Discussion

Uterine cervical cancer is one of the most common cancers
in women worldwide, with an estimated global incidence of
470,000 new cases and approximately 233,000 deaths per year
(17,18). Cervical cancer is mainly contributed by the presence
of high-risk human papillomavirus (HPV) oncogene expres-
sion (19). The viral protein products of HPV DNA interact
with the anti-oncogenic function of the retinoblastoma and
the p53 proteins and inactivate these tumor suppressors in
normal keratinocytes. However, not all of those infected by

HPV develop cervical cancers; it indicates that factors other
than HPV viral proteins also contribute to the progression to
cervical cancer (20).

The process of EMT is essential for certain morphogenetic
movements within the embryo and is strongly associated with the
pathological process of tumor invasion (3,4). During carcinoma
invasion, EMT provides tumor cells with the ability to disso-
ciate from one another and degrade and to actively migrate into
the basal membrane and invade the adjacent connective tissues
(21,22). Cells undergoing EMT exhibit multiple phenotypic
changes, such as the loss of apical-basal polarity, concomitantly
with the acquisition of a motile behavior and a profound reor-
ganization of the cytoskeleton (23,24). Among these changes,
the loss of expression or function of the E-cadherin cell-cell
adhesion molecule has emerged as an important event for
the local invasion of epithelial tumor cells, suggesting that
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Figure 5. Downregulation of Fibulin-5 blocks EMT induced by Nogo-B. (A) Immunoblotting showed that SiF5 effectively inhibited Fibulin-5 expression. SiF5
reversed the effect of Nogo-B on EMT markers in both mRNA (B) and protein (C) levels. (D) SiF5 promoted NB-2 cell adhesion and inhibited cell migration
and invasion. In all of the above assays, a scrambled small RNA was used as the negative control.

E-cadherin is an invasion-suppressor gene (25). Different
growth factors and cytokines have also been implicated in the
process of EMT in both epithelial cell systems and embryonic
development, such as transforming growth factor-f§ (TGF-f),
which was first described as an inducer of EMT in normal
mammary epithelial cells (MECs) (26) and is now recognized
as a master regulator of EMT in a variety of cell types and
tissues (27).

In this study, we first characterized that Nogo-B is associ-
ated with cervical cancer progression. Then we successfully
identified Nogo-B as an inducer of EMT in HeLa cells.
Overexpressing Nogo-B drastically downregulated the expres-
sion of E-cadherin while upregulating mesenchymal markers,
such as N-cadherin and vimentin. Furthermore, overexpression
of Nogo-B could also inhibit cell adhesion while promoting cell
migration and invasion. Nogo-B was originally identified as an
apoptosis-inducing protein through multiple pathways (8,9,28);
recent studies on Nogo-B identified its function in cell motility.
Nogo-B promotes vascular cell adhesion, stimulates endothelial
cell migration and attenuates PDGF-induced smooth muscle
migration (29). We previously found that Nogo-B mediates HeLa

cell adhesion and motility (16). All of these results indicate that
Nogo-B has multiple functions in different cells.

Pseudopods are cellular extensions used for movement.
The direction and trajectory of cell movement depend on how
the cells extend these pseudopods. In the absence of external
or internal signals, pseudopods are not formed at random (30).
Our observations showed that Nogo-B and Fibulin-5 preferred
to accumulate in pseudopods, while the number of cells with
pseudopods increased with an increase in Nogo-B expression.

Our previous studies showed that Fibulin-5 interacts with
Nogo-B, while Fibulin-5 has also been reported to initiate and
enhance epithelial-mesenchymal transition (EMT) and EMT
induced by TGF-ff in mammary epithelial cells (31). Thus, we
wondered whether Nogo-B promotes EMT via Fibulin-5. We
introduced a siRNA that could effectively reduce the expres-
sion of Fibulin-5. These experiments showed that the EMT
procedure induced by Nogo-B overexpression had been visibly
blocked by the siRNA. Thus, our results suggested that Nogo-B
may promote EMT partially through Fibulin-5. Although we
cannot yet assess the complete signaling cascade of Nogo-B in
EMT, our study may enrich the understanding of the pathways
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that regulate tumor cell movements and guide us to develop
antagonists of metastasis as cervical cancer therapeutics.
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