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Abstract Tumor metastasis is the process by which tumor
cells disseminate from tumors and enter nearby and distant
microenvironments for new colonization. Bif-1 (BAX-in-
teracting factor 1), which has a BAR domain and an SH3
domain, has been reported to be involved in cell growth,
apoptosis and autophagy. However, the influence of Bif-1
on metastasis has been less studied. To understand the role
of Bif-1 in metastasis, we studied the expression levels of
Bif-1 in human HCC specimens using immuno
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histochemistry, a tissue microarray and quantitative PCR.
The function of Bif-1 was assessed in migration and
translocation assays and the pulmonary metastatic animal
model. The relationship between Bif-1 and the Rho family
was determined using immunoblot analyses and chromatin
immunoprecipitation. The results showed that the expres-
sion of Bif-1 was higher in hepatocellular carcinoma
(HCC) than matched adjacent non-tumor liver tissues.
Increased Bif-1 expression was associated with tumor size
and the intercellular spread and metastasis of HCC. Anal-
ysis of the relationship between Bif-1 expression and
patients’ clinical characteristics revealed that patients with
higher levels of Bif-1 had shorter disease-free and overall
survival rates. Knockdown of Bif-1 with RNAi suppressed
the migration of HCC cells and pulmonary metastasis and
decreased the expression of Cdc42, a member of the Rho
family. Bif-1 localized to the cytosol and nucleus and
interacted with the promoter transcription region of Cdc42,
which may regulate Cdc42 expression. Our results
demonstrate a novel role of Bif-1 in HCC, in which Bif-1
promotes cell metastasis by regulating Cdc42 expression
and activity.
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Abbreviations

HCC  Hepatocellular carcinoma

Bif-1 BAX-interacting factor 1

EMT  Epithelial-mesenchymal transition

BAR  Bin/Amphiphysin/Rvs

SH3 Src homology 3

Irgml Immunity-related GTPase family member 1

oS Overall survival
DFS Disease-free survival
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Introduction

Why tumor cells undergo metastasis has puzzled clinical and
scientific researchers for many years, and tumor metastasis is
still aleading cause of patient mortality. Metastasis occurs in
two stages: cancer cells disseminate from the primary tumor
site to the microenvironment of distal tissues, and new clones
are formed in a remote site [1, 2]. In this process, metastatic
tumor cells are regulated by the following factors: (1)
Migration-related chemotactic factors; (2) cell surface
receptors related to the chemotactic factors; (3) activation of
cytoskeletal proteins and their regulatory systems, including
the Rho family and its regulatory factors; (4) epithelial-
mesenchymal transition (EMT).

The endophilin family has five members in two cate-
gories (endophilin A and B). Bif-1 (endophilin B1 or
SH3GLB1) belongs to the endophilin B group. The
N-terminal region contains a BAR (Bin/Amphiphysin/
Rvs) domain, and the C-terminal region has an SH3 (Src
homology 3) domain. This protein was originally identi-
fied as a BAX-binding protein that alters the conformation
of BAX to stimulate apoptosis [3]. Bif-1 interacts with the
cytoplasmic membrane through helical regions in the
BAR domain. Wang et al. [4] found that Bif-1 binds to
Beclin 1 via UVRAG and forms a complex that regulates
autophagy. In response to nutritional deprivation, Bif-1
forms autophagosomes with LC3 and Atg5 and enriches
Atg9 in these vesicles, regulating autophagosome forma-
tion [5]. Bif-1 regulates the activation of PI3K and Vps34
by interacting with UVRAG and Beclin 1 [4]. Knockdown
of Bif-1 in HeLa cell lines and mouse embryonic fibrob-
lasts significantly inhibited the activity of PI3K in the
formation of the autophagosome, delayed EGFR endo-
cytosis and degradation, and maintained the sustained
activation of Erk1/2, increasing the chemotaxis of breast
cancer cells in response to EGF or serum [6]. However,
human HCC cells were not shown to respond to stimu-
lation with EGF in our chemotaxis assay, suggesting that
Bif-1 may regulate the migration of HCC via other
mechanisms [7].

Increasing evidence has shown that Bif-1 is present in
various tumors, such as colorectal cancer [8], gallbladder
cancer [9], pancreatic cancer [10], breast cancer [6, 11],
bladder cancer [9], prostate cancer [12], stomach cancer
[13], HCC [14] and Merkel cell tumors [15]. Bif-1 has
different structures and functions in different tissues. HCC
is one of the most lethal malignancies. We found that Bif-1
expression was increased in human HCC samples. Given
that Bif-1 is activated through the BAR domain and is
tethered to the membrane by the SH3 domain in conjunc-
tion with receptor tyrosine kinase phosphorylation, we
speculated that Bif-1 may be involved in the progression
and development of HCC.

@ Springer

In this study, we found that the expression of Bif-1
increased in HCC and was significantly associated with
tumor size and HCC intercellular spread and remote
metastasis in a large number of clinical samples. Inhibition
of Bif-1 reduced cell metastasis and invasion in vitro and
in vivo. Bif-1-mediated migration was associated with the
expression and activity of the Cdc42 protein. Therefore,
our results provide new evidence indicating that Bif-1
promotes the metastasis of HCC via Cdc42.

Methods and materials
Cell lines and culture

The HepG2 HCC cell line was obtained from the Shanghai
Cell Bank, LM3 cells were obtained from the Zhongshan
Hospital, Fudan University, Medical University, and the
HCC cell line CSQT2 was derived from an HCC portal
vein tumor thrombus in our laboratory [16]. Lentiviral
pCSII-H1-PGK-puro-WPRE-shRNA-Bif-1 and its control
viral vector were prepared by Hanbio Technology
(Shanghai, China) and used to generate the stable Bif-1
knockdown cell line LM3-shBif-1 and the control cell line
LM3-shCON. Cells were routinely cultured in DMEM
(Invitrogen) supplemented with 10 % fetal bovine serum
(FBS; Life Technologies) in a humidified incubator con-
taining 5 % CO, at 37 °C.

Patients, samples, and Immunohistochemistry

HCC samples from tumor patients were obtained during
resection. Written consent was obtained before the opera-
tion. The protocol for this study was approved by the Ethics
Committee of Eastern Hepatobiliary Surgery Hospital. Fifty
pairs of HCC samples (with tumor and the adjacent non-
tumor tissues) were used to measure Bif-1 expression. Sixty-
nine pairs of tumor samples were used for tissue arrays that
were analyzed to determine Bif-1 expression using
immunohistochemistry. Twenty-three HCC samples were
assessed to determine the relationship between Bif-1 (Novus
Biologicals, #NBP2-24733) and Cdc42 (Santa Cruz, sc-
8401). For immunohistochemistry, slides were deparaf-
finized in xylene, rehydrated in an alcohol series, and then
processed for antigen retrieval. Samples were blocked with
1 % BSA for 30 min at 37 °C and then incubated with pri-
mary antibodies against Bif-1 (1:50) at 4 °C overnight.
Sections were subsequently incubated with horseradish
peroxidase (HRP)-labeled anti-mouse immunoglobulin for
30 min, followed by incubation with freshly prepared 3, 3'-
diaminobenzidine (DAB) solution at room temperature.
Finally, the sections were counterstained with hematoxylin
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and observed under an Olympus fluorescence microscope.
To determine the levels of Bif-1 in the tissue arrays, three
individuals without prior knowledge of the clinical data
determined the Bif-1 scores based on a 12-point system, as
previously reported [17]. The median scores were chosen as
the cut-off for high and low Bif-1 expression levels, which
were used to analyze overall survival using the log-rank test,
as described previously.

Real-time PCR

Total RNA was extracted from tumor and the adjacent non-
tumor tissues using TRIzol solution (Invitrogen), and
cDNA was synthesized with M-MLV Reverse Transcrip-
tase (Promega). Gene primers were synthesized by Sangon
Biotech (Shanghai) and are as follows: Bif-1: Forward: 5'-
CGCTGTCTGAATGACTTTGT-3’, Reverse: 5-CCTTT
CTGCTGCCACTACAC-3'; 18S: Forward: 5-CGGCT
ACCACATCCAAGGAA-3’, Reverse: 5-GCTGGAAT-
TACCGCGGCT-3’; Cdc42: Forward: 5'-GGCGAT
GCTGTTGGTAA -3, Reverse: 5-GCGGTCGTAATCTG
TCATAATCCT-3'. Real-time PCR was performed using
SYBR Green PCR Master Mix (TaKaRa Biotechnology
Corporation) and carried out in an ABI-7300 system (Ap-
plied Biosystems).

Proliferation assay using cell count kit 8

Cells were harvested after incubation for 24, 48, or 72 h,
and proliferation was detected with a CCK8 kit according
to the instructions (Dojindo Laboratories).

Briefly, stable cell lines (1 x 10°/ml) were seeded into
96-well plates, and growth was detected at the indicated
time. For measurement, a mixture of 10 pl reagent and 90
pl DMEM was added to each well after the wells were
rinsed with PBS once for the removal of dead cells. The
reaction was performed at 37°C for 1 h, and cell viabilities
were measured at 450 nm with the BioTek Gen5 system
(BioTek, USA). The data are expressed as the mean £ SD.

Western blot

Total cell lysates were separated by SDS-PAGE and then
transferred to nitrocellulose membranes. The membranes
were blocked with 5 % milk in TBS for 1 h and probed
with a primary antibody at 4 °C overnight. The membranes
were then incubated with secondary antibodies for 1 h at
room temperature. After washing with TBST, the mem-
branes were scanned with an Odyssey system. The primary
antibodies used in this study were anti-Bif-1 (Novus Bio-
logicals, #NBP2-24733), anti-GAPDH (Proteintech,
#60004-1-Ig), anti-Cdc42 (Santa Cruz, sc-8401), anti-
RhoA (CST, #8820), anti-RhoB (CST, #8820), anti-RhoC

(CST, #8820), anti-Twist (Santa Cruz, sc-81417), anti-
MMP2 (CST, #13132), anti-MMP9 (CST, #13667), anti-
E-cadherin (CST, #14473), anti-N-cadherin (CST,
#14215), anti-vimentin (CST, #12826), anti-Snail (CST,
#3879), anti-histone 3 (CST, #4499) and anti-HA (Santa
Cruz, #7392). The secondary antibodies used were anti-
rabbit and anti-mouse secondary antibodies (Santa Cruz,
sc-2005, sc-2004).

Wound-healing assay

Cells were plated in 12-well plates overnight and then
scraped with a 200 pl plastic pipette tip. Floating cells were
removed by rinsing with 1X PBS. Cells were cultured at
37°C for 3 days, and the edge changes were monitored with
an inverted light microscope (Olympus IX70) every day.

In vivo pulmonary metastasis assay

Five-week-old male BALB/c nude mice were obtained
from the SLAC Laboratory Animal Company (Shanghai)
and maintained in an animal facility with a constant tem-
perature and a 12-h light/12-h dark cycle. Five mice in each
group were injected with 1 x 10° cells through the caudal
vein and sacrificed after 90 days. The mouse lungs were
isolated and observed for the metastasis of tumor cells after
H&E staining. The protocol for animal experiments was
approved by the Ethics Committee of the Eastern Hepa-
tobiliary Surgery Hospital.

Cell migration and invasion assay

Cells were placed onto transwell filters (Costar, Corning,
NY) or BioCoat Matrigel invasion chambers (BD Bio-
sciences) according to the manufacturer’s instructions.
After a 24 h incubation, filters were fixed with 1 % crystal
violet. Cells on the migrated sides in six random micro-
scopic fields were counted. The average number of cells
was expressed as the mean + SD. These experiments were
independently repeated at least three times.

Phalloidin staining

Cells were seeded in glass plates and cultured in DMEM
overnight. Then, cell motility assays were performed with
cells treated with or without 10 % FBS/DMEM for 6 h. At
the end of the test, the cells were washed 3 times with PBS
and fixed with 4 % paraformaldehyde/PBS followed by
1 % Triton X-100 for 4 min for permeabilization. Goat
serum/PBS (3 %) was added to block non-specific binding.
Then, phalloidin (1:40) and Hoechst were diluted in PBS
and added to the well for 20 min. Images were taken with a
Leica confocal microscope.
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Cdcd42 activity assay

Active Cdc42 was detected using an Active Cdc42 Detection
Kit (CST) according to the manufacturer’s protocol. The
cells were starved overnight in serum-free DMEM, washed
with chilled PBS, and then lysed with cell lysis buffer con-
taining PMSF. The supernatant was collected, GDP and
GTPyS were added, and the solution was mixed at room
temperature. The reaction was terminated with MgCl,, and
GST-PAK1-PBD and glutathione resin were added to the
samples and incubated at 4 °C for 40 min to allow GTP-
bound GTPase to bind GST-PAK1-PBD. After removing the
unbound proteins by centrifugation, GTP-bound GTPases
were eluted, mixed with 30 pl of SDS buffer, resolved with
SDS-PAGE and visualized using Western blot analysis.

Fractionation assay

Cells were washed once with cold PBS and scraped and
collected in lysis buffer (20 mM Tris, 150 mM NaCl,
2.5 mM EDTA, 1 mM EGTA, 1 mM benzamidine, 4 mM
leupeptin, 0.5 mM PMSF, 1 mM microcystin and 1 mM
DTT at pH 7.5). After incubation for 20 min at 4°C,
homogenization was performed. The nuclear pellets were
collected by centrifugation for 2 min at 1000 g at 4°C. The
supernatants were used for cytoplasmic and membrane
fragmentation through ultracentrifugation at 100,000 g for
60 min at 4°C. Equivalent concentrations of nuclear,
cytoplasmic and membrane fractions from each group were
analyzed with Western blots.

Chromatin immunoprecipitation assay

Cells were processed for chromatin immunoprecipitation
(ChIP) assays using a chromatin immunoprecipitation
assay kit (Millipore) according to the manufacturer’s pro-
tocol. Briefly, the cells were cross-linked with 1 %
formaldehyde for 10 min at 37 °C and lysed with sodium
dodecyl sulfate lysis buffer. The pellets in the lysate were
sonicated with a sonic dismembrator (Fisher Scientific).
Protein-DNA complexes were immunoprecipitated with
anti-Bif-1. The immunoprecipitates were dissolved in 20 pl
distilled water for PCR analysis. Standard PCR amplifica-
tion was performed using Taq PCR Master Mix (Takara)
with 15 specifically designed pairs of primers targeting a
region more than 2400 bp upstream of the transcription
initiation site at 100-200 bp intervals. The primers are
listed in Supplementary Table 1.

Statistical analysis

Statistical analyses were performed using SPSS 18.0 soft-
ware. Differences among variables were analyzed for
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statistical significance using two-tailed Student’s t-tests,
unpaired ¢ tests, or X* analysis. Kaplan—Meier analysis was
used to assess survival. The data are presented as the
mean & SD unless otherwise indicated. P < 0.05 was
considered to be statistically significant.

Results

Expression of Bif-1 in human HCC tissues is
associated with poor prognosis

To elucidate the role of Bif-1 in HCC progression, we first
determined the mRNA levels of Bif-1 in 50 paired human
HCC samples with quantitative real-time polymerase chain
reaction. In 84.0 % (42/50) of the samples, Bif-1 expression
was higher in the HCC tissues than the adjacent non-tumor
tissues (Fig. 1a). Similar results were found in Western blot
assays (Fig. 1b). To determine the significance of Bif-1 in
HCC, we further analyzed the relationship between Bif-1
and clinicopathological characteristics in a tissue array with
69 paired HCC samples and obtained similar results
(Fig. 1c, d). Based on the median Bif-1 scores in these
samples, patients were divided into two groups: the high
expression group (n = 43) and the low expression group
(n = 26). After statistical analysis, high expression of Bif-1
was associated with adverse clinical characteristics
(Table 1), particularly with a large tumor size (=5 cm,
P = 0.005), microvascular invasion (P = 0.023), and
recurrence (P = 0.040). Patients with high levels of Bif-1
had poorer DFS and OS (Fig. le, f). These results suggest
that Bif-1 might play an important role in tumor invasion
and metastasis.

Down-regulation of Bif-1 reduces migration in HCC
cells

To determine how Bif-1 affects metastasis, we designed
three types of RNAI to silence Bif-1. All of them inhibited
Bif-1 at both the mRNA level and the protein level (Fig. 2a,
b). We used shBif-1A to prepare the lentivirus and estab-
lished stable human HCC cell lines (HCC-LM3) expressing
Blank and Bif-1-shRNA by pooling strongly knocked down
cells from three wells. We named the cell lines LM3-shCON
and LM3-shBif-1. A proliferation assay showed that
knockdown of Bif-1 attenuated the proliferation of HCC-
LM3 cells compared with control cells (Fig. 2¢). However,
there was no statistically significant difference between these
two cell lines. Subsequently, wound-healing assays were
performed with these cells. Silencing Bif-1 expression
decreased cell proliferation (Fig. 2d), migration (Fig. 2e)
and invasion (Fig. 2f) compared with LM3-shCON cells.
LM3-shCON and LM3-shBif-1 cells were injected into the
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tumor tissues was evaluated with qPCR. b Western blots showed the
expression of Bif-1 in HCC tissues (T) and adjacent non-tumor tissues
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expression score in 69 pairs of samples stained for IHC.
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(Fig. 2g). Additionally, the mice injected with LM3-shBif-1
cells showed higher survival than the mice injected with
control cells (Fig. 2h, P < 0.05). The results demonstrate
that Bif-1 promotes tumor metastasis.
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Table 1 Bif-1 expression in tumor

Characteristics Low (n=) High (n=) P value

Sex
Male 26 38 0.606
Female 3 4

Age (years)
<50 15 23 0.496
>50 14 19

Number of tumors
=1 27 36 0.285
>1 2 6

Tumor size(cm)
<5 10 3 0.005
>5 19 39

AFP
<20U/L 11 9 0.106
>20U/L 18 33

HBsAg
Negative 3 2 0.327
Positive 26 40

Liver cirrhosis
No 1 2 0.638
Yes 28 40

Capsular formation
No 9 15 0.441
Yes 20 27

Microvascular invasion
No 26 28 0.023
Yes 3 14

Satellite nodules
No 22 25 0.119
Yes 7 17

Recurrence
No 18 16 0.040
Yes 11 26

Death
No 22 26 0.164
Yes 7 16

The connection between the expression of Bif-1 and clinical charac-
teristics. P value of less than 0.05 was considered to indicate statistical
significance (bold), which was calculated with an unpaired ¢ test

Bif-1 promotes cytoskeletal reorganization and cell
polarity

EMT is associated with tumor metastasis. To determine how
Bif-1 promotes the metastasis of hepatocellular carcinoma,
we assessed the expression of EMT-related genes, such
MMP2, MMP9, vimentin, Twist2, E-cadherin, N-cadherin,
and Snail, in these cell lines. The results showed that there
were no differences in the expression of these genes in these
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two types of cells (Fig. 3a, b). When observing cytoskeletal
reorganization in these cells, we found that shBif-1-ex-
pressing LM3 cells showed lower actin responses regardless
of whether they were cultured in medium with or without
serum (Fig. 3c). Meanwhile, control cells polarized in
response to serum stimulation, but knockdown of Bif-1
reduced polarization (Fig. 3d). These results suggest that
Bif-1 may be involved in the regulation of cell polarization,
which is important for directional migration.

Bif-1-mediated polarization is associated with Cdc42
expression and activity

The Rho family has been reported to modulate polarization
and cytoskeletal organization. Therefore, we assessed the
expression of the Rho family (RhoA, RhoB, RhoC, and
Cdc42). As shown in Fig. 4a, the expression of RhoA, RhoB
and RhoC did not differ in LM3-shCON and LM3-shBif-1
cells. However, the mRNA and protein levels of Cdc42 were
lower in LM3-shBif-1 cells (Fig. 4a, b). Active Cdc42 was
also identified with a CBD pulldown assay (Fig. 4c). The
results suggest that the reduction in cell migration may be
attributed to the expression and activity of Cdc42. To assess
this hypothesis, we transfected either wild-type Cdc42
(pEF1-Cdc42) or a control vector into LM3-shBif-1 cells and
found that the ectopic expression of Cdc42 in LM3-shBif-1
cells apparently restored migration in response to serum
stimulation (Fig. 4d). To identify the effect of Bif-1 on
Cdc42 expression and activity, we expressed wild-type Bif-1
in LM3 cells for a migration assay. The results showed that
Bif-1 expression greatly increased the migration of LM3
cells (Fig. 4e, f). Taken together, these results suggest that
Bif-1 may control cell migration by regulating Cdc42
expression and activity.

To elucidate the relationship between Bif-1 and Cdc42,
we studied their expression in HCC specimens. Based on the
levels of Bif-1 and Cdc42 in 23 HCC samples (Fig. 5a), we
analyzed the association between Bif-1 and Cdc42 with a
regressive curve. The results showed a significant associa-
tion between Bif-1 and Cdc42 expression (r = 0.886,
P < 0.01) (Fig. 5b). To determine how Bif-1 regulates cell
migration via Cdc42, we performed immunofluorescence
assays for both Bif-1 and Cdc42 in LM3 and CSQT?2 cells.
CSQT2 is a cell line derived from a portal vein tumor
thrombosis. Bif-1 was shown to colocalize with Cdc42 at the
leading edge of cells (Fig. 5c). These results suggest that Bif-
1 may interact with Cdc42 and coordinate cell motility.

Bif-1 is expressed in the nucleus and regulates
transcription of Cdc42

Using an immunostaining assay, Bif-1 was found in the
nucleus of both HepG2 and CSQT?2 cells after culturing the
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Fig. 2 Silencing the expression of Bif-1 inhibits the metastasis of
HCC cells both in vitro and in vivo. a, b Screening of shRNA
targeting Bif-1. ShBif-1A, B and C were transfected into cells. QPCR
and Western blots were carried out to determine Bif-1 gene and
protein expression. ¢ The cell growth status of two stable cell lines
(shCon and shBif-1) was detected with a cell counting kit 8 at the
indicated time. d The migratory properties of LM3-shBif-1 cells and
control cells were determined with the scratch wound-healing assay.
Magnification: x100. e The migratory properties of the cells were
analyzed with transwell migration assays. The average number of
migrated cells was determined from five random microscopic fields.

cells in low-glucose medium. To confirm these results, we
performed subcellular fractionation on three types of cells
(HepG2, CSQT2 and LM3). As shown in Fig. 6a, Bif-1
was localized in the nucleus. To validate the distribution of
Bif-1, we carried out subcellular fractionation with three
cell lines (HepG2, CSQT2 and LM3). GAPDH and histone
3 served as endogenous markers of the cytoplasm and
nucleus, respectively. The results showed that Bif-1 was
present in both the cytosol and the nucleus (Fig. 6b).
Because Bif-1 increased the expression of Cdc42, we

T T T T T T
0.00 2000 4000 60.00 80.00 100,00

Time(days)

f The invasive properties of the cell lines were analyzed with an
invasion assay using BioCoat Matrigel invasion chambers. The
average number of invasive cells was counted in 5 random
microscopic fields. g Representative H&E images of mouse lung
tissue sections from the LM3-shCON and LM3-shBif-1 groups
(magnification: x 100). The number of the lung metastatic lesions in
the LM3-shCON or LM3-shBif-1 group is presented as the
mean + SD. *P < 0.05, **P < 0.01, ***P < 0.001 (based on Stu-
dent’s ¢ test). h The cumulative survival of mice injected with LM3-
shCON and LM3-shBif-1 cells. P values were analyzed using a
2-sided log-rank test

examined whether Bif-1 regulated the promoter of Cdc42.
The nuclear lysates of LM3 cells were precipitated with a
Bif-1 antibody in a ChIP assay. The pellets were washed
thoroughly and used for amplification of the Cdc42 pro-
moter with 15 pairs of primers targeting the promoter
(Supplemental Table 1). The interaction of Bif-1 with the
Cdc42 promoter was confirmed by the positive band
amplified from the precipitated pellets (Fig. 6¢). These
results suggest that Bif-1 may regulate the expression of
Cdc42 via activation of the Cdc42 promoter.
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Fig. 3 Bif-1 promotes cytoskeleton reorganization and cell polarity.
a LM3-shCON and LM3-shBif-1 cells were analyzed with antibodies
as indicated in Western blots. b LM3-shCON and LM3-shBif-1 cells
were analyzed with antibodies as indicated in the Western blots. ¢,

Discussion

Studies have shown that Bif-1 plays an important role in
autophagy and apoptosis in many types of cells. However,
the roles of Bif-1 in cancer are less studied. In this study,
Bif-1 was explored in HCC. We found that Bif-1 expres-
sion was frequently up-regulated in clinical HCC samples
and invasive HCC cell lines. High expression was associ-
ated with tumor size, microvascular invasion and recur-
rence. Bif-1-mediated migration and invasion were found
to occur via the expression and activity of Cdc42. There-
fore, our data demonstrate a new mechanism of Bif-1 in
promoting the metastasis of HCC.

@ Springer

LM3-shBif-1

d LM3-shCON and LM3-shBif-1 cells were cultured with or without
serum. Cell morphology (¢) and polarization (d) were observed with
confocal laser scanning microscopy followed by phalloidin staining

The expression of Bif-1 in tumors is dependent on the
tissue types. Low Bif-1 expression has been found in
gastric cancer [13], colorectal adenocarcinoma [18], pan-
creatic ductal adenocarcinoma [19] and urinary bladder and
gallbladder cancer [9]. In contrast, high Bif-1 expression
has been reported in prostate cancer [12], HCC [14] and
Merkel cell carcinoma [15]. Our results demonstrate that
Bif-1 expression increased by 60 % in 142 HCC cases.
Therefore, the tissue-specific expression of Bif-1 may
reflect its capacity in particular roles.

Etxebarria et al. [20] showed that Bif-1 activated BAX
proteins by promoting independent morphological rear-
rangement. The IFNy-induced expression of immunity-
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Fig. 4 Bif-1 modulates the expression and activity of Cdc42. a The
levels of Rho family proteins (RhoA, RhoB, RhoC, and Cdc42) were
detected with Western blots. b The mRNA levels of Bif-1 and Cdc42
in LM3-shBif-1 cells and LM3-shCON cells were evaluated with
gPCR. ¢ Active Cdc42 proteins were analyzed with CBD pulldown
assays. d LM3-shBif-1 cells and LM3-shCON cells were transfected
with pEF1-Cdc42 or empty vector (pEF1). After incubation for 24 h,
cells were subjected to the transwell migration assay. Migrated cells

related GTPase family member 1 (Irgm1) promoted mel-
anoma tumorigenesis via the dual regulation of apoptosis
and Bif-1-dependent autophagy [21]. In our study, we

were counted in 5 random microscopic fields, and the results were
expressed as the mean + SD (right side). *P < 0.05. e Overexpres-
sion of Bif-1 in LM3 cells. Cdc42 expression was increased, as
determined with Western blots. f The forced expression of Bif-1
promoted cell migration in the transwell migration assay. The average
number of migrated cells was counted in 5 random microscopic fields.
*P < 0.05

showed that Bif-1 was located in both the cytosol and the
nucleus. Bif-1 interacts with the promoter of Cdc42, which
may be the mechanism by which Bif-1 regulates the
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Fig. 5 Bif-1 expression is positively related to Cdc42 expression, and
Bif-1 and Cdc42 colocalize in cells. a The expression of Bif-1 and
Cdc42 mRNA in 23 HCC tissues was evaluated using qPCR. b The
relationship between Bif-1 and Cdc42 mRNA levels in 23 HCC

expression of Cdc42, which is responsible for actin poly-
merization and cell migration. Because Bif-1 interacts with
Beclin 1, Vps34, and Bcl-2 and regulates autophagy
[22-28], targeting Bif-1 may be a new target for inhibiting
metastasis by interfering with autophagy, apoptosis [29]
and migration.

Rho family proteins have important roles in cell polarity
changes and movement. In 1999, Genda et al. [30] found
that Rho (Rho/pl160ROCK) and its related proteins had a
critical effect on human hepatocellular carcinoma and its
early intrahepatic metastasis. In subsequent studies, Rho
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tissues was analyzed by SPSS 18.0 software with a 2-sided correlation
analysis. r = 0.886, P < 0.01. ¢ The location of Bif-1 and Cdc42 in
cells was detected by immunofluorescence assays, and Bif-1 and
Cdc42 were shown to colocalize in LM3 and CSQT?2 cells

family proteins were also shown to play an important role
in breast cancer [31], bladder cancer [32], pancreatic can-
cer [33, 34], and distant metastasis [35]. Many studies have
confirmed that Rho-mediated signaling is involved in var-
ious tumor metastases. Li et al. found that chemokines
regulate the molecular mechanism of cell polarity and
directional movement through the GBy-PAK1-Cdc42 sig-
naling pathway [36], and Rho family proteins regulate cell
movement via PTEN [37, 38]. In prostate cancer, RhoC
promotes tumor metastasis through the sequential activa-
tion of Pyk2, FAK, MAPK, and Akt, followed by the up-
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Fig. 6 Bif-1 is expressed in the nucleus and interacts with the
promoter region of Cdc42. a Fluorescence staining of Bif-1 in HepG2
and CSQT2 cells showed the nuclear translocation of Bif-1.
b Subcellular fragmentation assays confirmed the distribution and

regulation of MMP2 and MMP9 [39]. Our findings reveal
that knockdown of Bif-1 reduced actin stress and cell
motility via Cdc42, supporting the conclusion that Bif-1 is
an important factor in the metastasis of HCC.

In summary, high Bif-1 expression in HCC is associated
with metastasis and poor prognosis. Knockdown or
expression of Bif-1 in HCC cells demonstrated its roles in
tumor metastasis in a cell migration assay and a pulmonary
metastatic animal model. Bif-1-mediated migration is
likely dependent on the expression and activity of Cdc42.
Therefore, targeting Bif-1 may be a new therapeutic
approach for inhibiting HCC metastasis.
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