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Livin mediates tumor cell invasion
in the DU-145 cell line via NF-kB
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Abstract. Livin is a member of the family of inhibitors of apop-
tosis proteins (IAPs) and tumor cell invasion is a general property
of multiple IAPs. Livin is highly expressed in prostate cancer
(PCa) tissues. Livin overexpressing cells are more resistant to
apoptotic stimuli than normal cells. Thus, aberrantly increased
cell survival is an invariable requirement of metastasis. In this
study, we investigated whether livin signaling affects metastasis
by transfecting siRNA targeting livin into the DU-145 prostate
cancer cell line to confirm the anti-invasion effect and blockade
of the livin gene. We found that livin knockdown inhibited
DU-145 prostate carcinoma cell invasion. We investigated
how livin promotes tumor cell invasion, and found that livin
induction of fibronectin contributed to tumor cell invasion. In
addition, we found that livin induction of fibronectin regulates
tumor cell invasion via nuclear factor kB (NF-kB) signaling.
These data showed that livin, as a gene directly promoting
metastasis, can be useful for therapeutic intervention against
advanced and disseminated PCa.

Introduction

Prostate cancer (PCa) is the third most common cancer and
the second leading cause of cancer death for males in Western
countries (1). There has been a recent trend in Asia towards
increasing incidence of PCa, with some low-risk regions, such
as Japan and Singapore, reporting a more rapid increase than
high-risk countries in the recent years (2). PCas are gener-
ally slow-growing malignancies that are characterized by an
imbalance in the rates of cell division and cell death. Tissue
kinetics studies indicate that insufficient programmed cell death
represents the chief explanation for the gradual accumulation
of prostate cancer cells in vivo in humans (3). Progression of
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localized hormone-dependent prostate cancers to metastatic,
hormone-refractory disease is also associated with dysregu-
lation of normal apoptotic mechanisms. Thus, aberrantly
increased cell survival is an invariable requirement of metas-
tasis (4), and is typically contributed via deregulated expression
of Bcl-2 (5) or inhibitor-of-apoptosis (IAP) (6) cytoprotective
proteins. However, some of these molecules, especially IAPs,
have recently emerged as broader regulators of cellular homeo-
stasis, with functions extending beyond apoptosis inhibition (7).

Livin is a member of IAPs family that is conserved across
species ranging from yeasts to mammals (8-11). The anti-
apoptotic activity of livin is mediated through the inhibition of
caspase-3, -7, and -9, as well as by its E3 ubiquitin-ligase-like
activity that promotes degradation of Smac/DIABLO, a critical
endogenous regulator of all IAPs (12,13). As with other IAP
members, livin has also been linked to the activation of multiple
gene expression networks including JNK1 by transforming
growth factor h-activated kinase 1 (TAK1)/TAK1-binding protein
(TABI) signaling cascade (14) and the wingless and integration
site growth factor (Wnt)/h-catenin signaling pathway (15).

Livin overexpression cells are more resistant to apoptotic
stimuli than normal cells (10,16). To date, livin expression
was significantly increased in a series of cancers (17-20). Song
et al (21) showed that the livin was highly expressed in PCa
tissues. Recently Mehrotra and Languino have shown that
intermolecular cooperation between IAP proteins, XIAP and
survivin, promotes tumor cell invasion in vitro and metastatic
dissemination in vivo (22). Thus, tumor cell invasion was a
general property of multiple IAPs. In this study, to investigate
whether livin signaling affected metastasis we used siRNA
targeting to livin transfection into the DU-145 cancer cell line
to confirm the anti-tumor-invasion effect and blockade of livin
gene. These results suggested that livin knockdown inhibited
DU-145 cell invasion. Next we identified that livin induction of
fibronectin regulates tumor cell invasion via NF-xB signaling.
These data showed livin as direct metastasis genes could be
useful for therapeutic intervention against these targets in
patients with advanced and disseminated PCa.

Materials and methods

SIRNA design and preparation. The siRNAs were chemi-
cally synthesized (Genepharma, Shanghai, China). The
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target sequence of livin for production of siRNA was
5'-GGAGAGAGGTCCAGTCTGA-3' as previously described
(23). To analyze the suppression of the fibronectin we used siRNA
with the sequence 5-GAACAAAGACAGAGACAA-3' and the
siRNA sequences for p65 was 5'-GATTGAGGAGAAACG
TAAATT-3" (24). The negative control siRNA with the
sequence 5'-UUCUCCGAACGUGUCACGU-3' have no match
to any known human gene. Briefly, siRNA was collected. Then
resuspended to a stock concentration with 1X siRNA buffer
(Genepharma). After 30 min at room temperature, the concen-
tration of siRNA was verified using UV spectrophotometry at
260 nm.

Cell culture. DU-145 cell line was obtained directly from the
Cell Bank of Type Culture Collection of Chinese Academy of
Sciences (Shanghai Institute of Cell Biology, Chinese Academy
of Sciences, China) and maintained for less than 6 months in
Dulbecco's modified Eagle's medium (DMEM) supplemented
with 10% fetal calf serum (FCS), 100 U/ml penicillin, 100 mg/ml
streptomycin, and 1 mM L-glutamine at 37°C in an atmosphere
of 5% CO,.

Transient transfection. All of transfections in our study were
carried out with Lipofectamine 2000 (Invitrogen, USA)
according to the procedure recommended by the manufacturer.
In brief, DU-145 cells were plated on 6-well plates (Costar,
USA) at 60-80% confluency. The 5 pl lipofectamine 2000 and
50 pmol of individual siRNAs were diluted in 250 1 DMEM
without FCS, respectively and mixed in a final volume of 500 1
transfection solution. After 20 min, the transfection solution was
added into cells supplemented with 2.0 ml DMEM containing
10% FCS. After 24 h, the transfection solution culture media
were refreshed with DMEM with 10% FCS. To test siRNA and
cDNA transfection efficiency, we used fluorescence-labeled
siRNA before doing experiments. The transfection efficiencies
were assessed as >80% in the transfection experiments (data
not shown). The cells were harvested after 48 h for subsequent
protein analysis.

MTT assay. DU-145 cells in logarithmic growth phase were
seeded in 96-well plates at 5x10* cells per well. Then cells
were transfected with siRNA of different concentrations (the
final concentrations are 0, 25, 50, 100, 150, 200 nmol/l) for
6 h, followed by culturing with normal medium for 72 h.
Four hours before the end of culture, 20 ul of 5 mg/ml MTT
(Sigma, USA) was added to the culture medium. After
incubation, the culture medium was removed and 200 ul
of dimethylsulphoxide (DMSO) was added to resolve the
crystal. Absorbance was measured at 490 nm. Each sample
was assayed 4 times.

Reverse transcription-PCR. Total RNA was extracted from
cell lysates with TRIzol reagent (Invitrogen) and RT-PCR
was carried out with a RNA PCR kit Ver. 3.0 (Takara,
Japan) according to the kit instructions. Livin-specific
primers were: forward, 5'-GTCCCTGCCTCTGGGTAC-3"
reverse, 5'-CAGGGAGCCCACTCTGCA-3'. Product sizes
368 bp. The primers used for GAPDH were: forward, Sense:
5'-ATGACATCAAGAAGGTGGTG-3'; reverse, 5'-CATACC
AGGAAATGAGCTTG-3', which yields a product of 177 bp.
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Figure 1. MTT assay after small interfering RNA transfection in DU-145
cell line at 72-h post-transfection. The proliferation of cells transfected with
siRNA was inhibited at 200 gmol/l concentration (P=0.07).

The PCR condition was: 95°C for 2 min, then 38 cycles at 94°C
for 30 sec, 64°C for 45 sec, and 72°C for 30 sec in 1.5 mM
MgCl,-containing reaction buffer. RT-PCR products (5 ul)
were resolved on 1.5% agarose gels. The gels were stained with
ethidium bromide (EB) and were scanned for densitometric
estimation of the livin products with GAPDH products serving
as the internal control.

Western blot analysis. Cultured cells, washed with cold PBS,
were extracted with lysis buffer supplemented with protease
inhibitors, phosphatase inhibitors and PMSF. Lysates were
vortexed for 15 min at 4°C and centrifuged at 14,000 x g
for 15 min at 4°C and supernatants collected heated at 95°C
for 5 min. Proteins (15-30 ug) were separated by 12% SDS
poly-acrylamide gel electrophoresis, transferred to a nitro-
cellulose membrane (Millipore, USA). The membrane
were blocked at 4°C overnight with blocking buffer (5%
nonfat milk powder in Tris-buffered saline contained 0.5%
Tween-20) and incubated for 3 h with a monoclonal anti-livin
antibody, a monoclonal anti-fibronectin antibody, a mono-
clonal anti-IxBa, and a monoclonal anti-phosphorylated
-IxBa, a monoclonal anti-p65 subunit of NF-xB antibody
or a monoclonal anti-B-actin antibody (all from Santa Cruz
Biotechnology, USA), employing enhanced chemilumi-
nescence (Pierce, USA). The reactivity was detected with
ECL Plus™ Western blot detection reagents (RPN2132,
Amersham, Buckinghamshire, UK).

Cell migration and invasion. Analysis of cell migration was
carried out using 6.5-mm Transwell chambers (8-ym pore
size; Costar). Inserts were prepared by coating the upper and
lower surfaces with 15 pug/ml collagen (Cohesion, Palo Alto,
CA) for 18 h at 4°C, followed by a blocking step with DMEM
containing 0.25% heat-inactivated BSA for 1 h at 37°C. In
some experiments, Transwell inserts were left uncoated.
The cells were harvested, suspended in DMEM containing
0.25% heat-inactivated BSA, and added (1x10°) to the upper
chamber, with aliquots of conditioned medium collected
from NIH3T3 fibroblasts placed in the lower chamber as
chemoattractant. After 1 h of incubation, non-migrating
cells were removed mechanically from the upper chamber
using a cotton swab. Cells migrated to the lower surface of
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Figure 2. Livin mRNA and protein expression was inhibited after livin siRNA transfection DU-145 cells were transfected with control siRNA (Ctrl) or livin-
targeted siRNA and after 48 h DU-145 cells were analyzed for RT-PCR or Western blotting. (A) The livin mRNA was decrease significantly in livin-siRNA
group compared with the one in control group and PBS group while the last two groups were similar. (B) The livin protein was decrease significantly in
livin-siRNA group compared with the one in control group and PBS group while the last two groups were similar.

the Transwell membrane were fixed in methanol for 10 min
at 22°C, and membranes were mounted on glass slides using
Vectashield mounting medium containing DAPI (Vector
Laboratories, Burlingame, CA). Cell migration was quantified
by counting the number of stained nuclei in five individual fields
in each Transwell membrane, by fluorescence microscopy, in
duplicate.

For analysis of cell invasion, the upper Transwell chamber
(8-um pore size; Costar) was coated with 0.5 ug Matrigel
(Collaborative Research, Bedford, MA) diluted in cold water,
and allowed to air dry. After 1 h of incubation with DMEM,
the DU-145 cells (1x10%) were added to the upper chamber for
6-24 h at 37°C. Cells that had invaded the lower surface of the
membrane were fixed with methanol, stained with DAPI, and
quantified by fluorescence microscopy.

Promoter activity. DU-145 cells were seeded into a 48-well
plate 24 h before transfection. For each well, cells were tran-
siently cotransfected with 0.1 ug of a NF-«B reporter construct
(pNF-xB) or a control reporter plasmid (pControl) (Panomics
Inc., Fremont, CA), together with 0.06 ug of p-galactosidase
reporter vector (Promega, Madison, WI), which was used to
normalize NF-«kB reporter gene activity, using Lipofectamine
2000 (Invitrogen). In another experiment, we alternatively
transiently transfected with a 1.9 kb fragment of the proximal
fibronectin promoter fused to luciferase (pGL-Fib1900, given
by Professor Dario C. Altieri, University of Massachusetts,
Worcester, MA, USA), using Lipofectamine 2000. After 24 h at
37°C, cells were harvested, and analyzed for $-galactosidase-
normalized luciferase activity in a luminometer. In some
experiments, B-galactosidase-normalized NF-xB promoter
activity in the DU-145 cells was examined in the presence or
in the absence of TNF-a stimulation.

Electrophoretic mobility shift assay (EMSA). Nuclear extracts
(20 ug) prepared from DU-145 cell transfected with livin-siRNA
or control siRNA were incubated without or with TNF-a in
the presence of 2P y-labeled 45-mer double-stranded NF-xB
oligonucleotide derived from the human immunodeficiency
virus long terminal repeat, S“-TTGTTACAAGGGACTTTC
CGCTGGGGACTTTCCAGGGAGGCGTGG-3'. Incubations
were carried out in buffer containing 10 mM Tris HCI,
pH 8.0, 150 mM KCl, 0.5 mM EDTA, 0.1% Triton-X 100,
12.5% glycerol (v/v), 0.2 mM DTT for 1 h at 22°C. Poly-
dIdC (Sigma) and sonicated salmon sperm DNA (Stratagene)

were added to block non-specific binding. DNA-protein
complexes were separated by electrophoresis on 5% native
polyacrylamide gels, and radioactive bands were visualized
by autoradiography. A double-stranded *’P y-labeled mutant
oligonucleotide, 5'"-TTGTTACAACTCACTTTCCGCTGCT
CACTTTCCAGGGAGGCGTGG-3, or wild-type unlabeled
oligonucleotide was used for competition studies. The samples
were analyzed by autoradiography.

Real-time PCR assay. Fibronectin mRNA expression was
measured by real-time PCR with the primer set as follows:
sense, S“-TTATGACGACGGGAAGACCT-3'; and antisense,
5-GCTGGATGGAAAGATTACTC-3'". It then was normalized
by GAPDH mRNA expression with the primer set as follows:
sense, 5"-TGCACCACCAACTGCTTAGC-3"; and antisense,
5'-GGCATGGACTGTGGTCATGAG-3'". Real-time PCR was
performed with SYBR green I (1:20,000; Qiagen) with one
cycle at 95°C for 3 min followed by 40 cycles of 95°C for 45 sec,
61°C for 45 sec, 72°C for 40 sec, and 80°C for 5 sec.

Results

Transfection of siRNA-livin to DU-145 cell line. To identify
whether livin expression was affected by siRNA, we trans-
fected siRNA at different concentrations (25, 50, 100, 150 and
200 pmol/1) to DU-145 cell line. After transfected with different
concentrations of livin siRNA, the cellular viability was deter-
mined by MTT (Fig. 1). The MTT assay showed that, compared
with controls, the proliferation of cells transfected with siRNA
was remarkably inhibited at 200 pgmol/l after transfection
(P=0.07), Accordingly, we chose <200 pmol/l siRNA as the
suitable concentration for further study.

Livin mRNA and protein expression is inhibited after livin
SiRNA transfection. To demonstrate the inhibitory effect of
livin siRNA on livin expression, RT-PCR and Western blot
were applied to detect the livin mRNA and protein expres-
sion level in the cells of each group in which we transfected
siRNA at different 100 ymol/l concentrations as recom-
mended to DU-145 cell line. In RT-PCR experiment, livin
gene electrophoretic bands were seen at the positions of
368 bp relative to Marker in each group. However, the bright-
ness of the electrophoretic bands in livin-siRNA groups were
significantly less than the one in control siRNA group and
PBS group; while the brightness of the last two groups were
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Figure 3. Livin targeting inhibits tumor cell invasion. DU-145 cells transfected with either the control siRNA or livin-targeted siRNA were analyzed for
Matrigel invasion by DAPI staining and quantified. The cells were cultured in 6.5-mm Transwell chambers as described in Materials and methods. Cells
that had invaded the lower surface of the membrane were fixed with methanol, stained with DAPI. (A) Images were recorded at a magnification of x100. (B)
Cell migration was quantified by counting the number of stained nuclei in five individual fields in each Transwell membrane, by fluorescence microscopy, in
duplicate. “P<0.0003, compared with the control siRNA.
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Figure 4. Livin induction of fibronectin regulates tumor cell invasion (A) DU-145 cells transfected with either the control siRNA or livin-targeted siRNA
were analyzed for real-time PCR. RNA was amplified for fibronectin gene products, and normalized to GAPDH expression. (B) DU-145 cells transfected
with p-control or a fibronectin promoter-luciferase construct (p-Fib) were analyzed after 24 h for $-galactosidase-normalized luciferase activity. RLU, relative
luciferase units. (C) DU-145 cells were transfected with control siRNA(Ctrl) or livin-targeted siRNA and cell lysates (30 ug) were subjected to Western blot-
ting as described for fibronectin protein analysis. DU-145 cells exhibited dramatically increased fibronectin protein whereas livin-siRNA group showed less
fibronectin protein expression. (D) DU-145 cells transfected with either the control siRNA or livin-targeted siRNA migration on uncoated Transwell inserts
was analyzed by DAPI staining and quantified, in duplicate.”P<0.001, compared with the control siRNA. (E) DU-145 cells were transfected with control siRNA
(Ctrl) or fibronectin-targeted siRNA after transfection with livin-siRNA. Cell lysates (30 ug) were subjected to Western blotting as described. (F) DU-145 cells
transfected with either the control siRNA or fibronectin-targeted siRNA after transfection with livin-siRNA Matrigel invasion was analyzed by DAPI staining
and quantified, in duplicate. “P<0.001, compared with the control siRNA.

similar (Fig. 2A). Then we performed Western blotting to
evaluate livin protein expression. Confirmed with the results
of RT-PCR, the expression of livin in the livin-siRNA groups
were significantly lower than the ones in control siRNA group
and PBS group, while the expression of livin in the last two
groups were similar (Fig. 2B). Together, these data demonstrated
that livin mRNA and protein expression were inhibited after
livin-siRNA transfection.

Livin-mediated DU-145 tumor cell invasion. Tumor cell
invasion has been repoted as a general property of multiple
IAPs (22). To investigate whether livin-silencing induces
tumor cell invasion, cell migration and invasion assay was

used. We transfected livin-siRNA and control siRNA at
100 pmol/1 concentration to DU-145 cell line. Transfection
of DU-145 cell line with livin-siRNA suppressed the expres-
sion of the livin protein, but not vice versa, whereas a control
siRNA had no such effect. Under these conditions, livin
knockdown inhibited DU-145 cell invasion through Matrigel
inserts, from 58.2+9.8 (control siRNA) to 12.5+2.1 invaded
cells per field (P=0.0003, n=10) (Fig. 3) which indicated that
livin-mediated DU-145 tumor cell invasion.

Livin induction of fibronectin regulates tumor cell invasion. We
investigated how livin promote tumor cell invasion, by looking
at the gene expression profile of DU-145 cells. DU-145 cells
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Figure 5. NFxB-induction of fibronectin contributes to livin-mediated tumor
cell invasion. (A) With 3 h TNF-a treatment DU-145 cells transfected with
NF-«B reporter construct (pNF-«B) or a control reporter plasmid (pControl)
were analyzed after 24 h for 3-galactosidase-normalized luciferase activity.
RLU, relative luciferase units. (B) Nuclear extracts (20 ug) prepared from
DU-145 cell transfected with control siRNA or livin-siRNA were incubated
without or with TNF-a in the presence of *?P-labeled NF-«xB probe, fol-
lowed by autoradiography. (C)DU-145 cells were transfected with control
siRNA (Ctrl) or livin-targeted siRNA and after 40 min TNF-a treatment
cell lysates (30 pg) were subjected to Western blotting for phosphorylation-
IkBa analysis as described. (D) DU-145 cells were transfected with control
siRNA (Ctrl) or livin-targeted siRNA and after 40 min TNF-o treatment cell
lysates (30 pug) were subjected to Western blotting for fibronectin protein
analysis as described. (E) DU-145 cells were transfected with control siRNA
(Ctrl) or p65-targeted siRNA and cell ly sates (30 ug) were subjected to
Western blotting for p65 protein analysis as described. (F) DU-145 cells were
transfected with control siRNA (Ctrl) or p65-targeted siRNA and cell lysates
(30 pug) were subjected to Western blotting for fibronectin protein analysis
as described. (G) DU-145 cells transfected with either the control siRNA or
p65-targeted siRNA Matrigel invasion was analyzed by DAPI staining and
quantified, in duplicate. “P<0.002, compared with the control siRNA.

transfected with control siRNA exhibited a >100-fold upregu-
lation of fibronectin mRNA, by real-time PCR (Fig. 4A), and
increased fibronectin promoter activity, as assessed by luciferase
reporter assay (Fig. 4B), compared to DU-145 cells transfected
with livin-siRNA. Collagen type 1 al, collagen type 5 a2 and
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laminin 5 mRNAs were not significantly different in DU-145
cells in control group, compared to DU-145 cells transfected
livin-siRNA (data not shown).

Consistent with these data, DU-145 cells transfected with
control siRNA exhibited dramatically increased endogenous
fibronectin protein content, by Western blotting (Fig. 4C)
whereas DU-145 cells transfected with livin-siRNA showed less
fibronectin protein expression. This newly produced fibronectin
was released in the DU-145 cells and was sufficient to support
tumor cell migration on Transwell inserts in the absence
of exogenous substrate (Fig. 4D). In contrast, DU-145 cells
transfected with livin-siRNA did not migrate in the absence of
substrate (Fig. 4D).

Finally, we tested whether fibronectin contributed to tumor
cell invasion. Herein, we transfected both siRNA targeted-
fibronectin and siRNA targeted-livin to DU-145 cell line
(the MTT assay data not shown). The result indicated that
siRNA knockdown of fibronectin in DU-145 cells transfected
with livin-siRNA (Fig. 4E) significantly inhibited Matrigel
invasion, as compared with DU-145 cells only transfected
with livin-siRNA (Fig. 4F). From these data we deduced that
fibronectin played an important role in livin-mediated tumor
cell invasion.

NF-xB-induction of fibronectin contributes to livin-mediated
tumor cell invasion. Several studies have reported compelling
evidence that the transcription factor NF-«kB plays a role in the
control of oncogenesis, tumor progression and invasion (25-29).
We next asked how livin may transcriptionally upregulate
fibronectin, and we focused on a potential role of NF-«B in this
response.

We analyzed the role of NF-xB activation induced by
TNF-a in DU-145 cells using luciferase-based NF-kB reporter
assay. We first examined the time-course of TNF-a-induced
NF-kB activation by NF-«kB reporter assay. At 3 h of TNF-a
treatment resulted in ~4-fold NF-xB activation, and at 5 h
over 8-fold activation was observed (data not shown), but at
this time point the cells started to show signs of cell death.
Therefore, we selected the 3 h TNF-a treatment in our NF-xB
reporter assay. As shown in Fig. 5SA, TNF-a-induced NF-«xB
activation was induced by >55% in the DU-145 cells trans-
fected with livin-siRNA, whereas in the DU-145 cell there was
no such effect.

By EMSA, a radiolabeled NF-kB probe bound to nuclear
extracts in DU-145 cells or DU-145 cells transfected with
livin-siRNA, we found that TNF-a-induced NF-xB activation
inhibited remarkably the DU-145 cells transfected with livin-
siRNA, compared with the control DU-145 cells (Fig. 5B).
Confirmed with the results of EMSA, the expression of
TNF-a-induced phosphorylation, IxBa in the livin-siRNA
groups were significantly lower than the ones in control group
(Fig. 5C).

Next, we found that TNF-a stimulation of DU-145 cells
or DU-145 cells transfected with livin-siRNA resulted in
increased fibronectin expression, albeit more prominently
in DU-145 cells (Fig. 5D). Conversely, siRNA knockdown
of p65 NF-«B (Fig. 5E) suppressed endogenous fibronectin
expression in DU-145 cells, as compared with control siRNA
(Fig. 5F). Similarly, siRNA silencing of livin also comparably
suppressed fibronectin expression in DU-145 cells (Fig. 4C).
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Functionally, siRNA knockdown of p65 NF-kB inhibited
Matrigel invasion of DU-145 cells, as compared with control
transfectants (Fig. 5G). These data indicated that NF-kB-
induction of fibronectin could be critical in livin-mediated
tumor cell invasion.

Discussion

Numerous studies have validated that livin upregulation is a risk
factor for cancer progression and prognostic prediction. Most
studies on livin have focused on its role as a caspase inhibitor
of caspase-3, -7, and -9, as well as by its E3 ubiquitin-ligase-like
activity that promotes degradation of Smac/DIABLO, a critical
endogenous regulator of all IAPs (12,13). There is increasing
evidence that it also acts via other mechanisms like other IAP
members (14,15). It was reported that beyond their roles in
cytoprotection, it is now clear that IAPs function as broader
regulators of cellular homeostasis, intercalated in cell division,
metabolism and activation of multiple intracellular signaling
pathways, including NF-xB, TGF-§ or JINK (7). In this study,
we investigate whether livin signaling affected metastasis and
the results showed that siRNA targeting to livin transfection
into the DU-145 cell line confirmed the anti-tumor-invasion
effect and supression of livin gene. We demonstrated that
siRNA knockdown of fibronectin significantly inhibited tumor
cell invasion (Fig. 4F). Based on these data we deduced that
fibronectin played an important role in livin-mediated tumor
cell invasion. Next we found that livin induction of fibronectin
regulates tumor cell invasion via NF-«kB signaling.

Some studies have reported that outside-in signaling
mediated by B1 integrins (30), leads to phosphorylation of
Src (31), FAK (32), and mediates tumor cell invasion, in vivo
(33). Our data presented here suggest fibronectin as a direct
mediator of tumor cell invasion via NF-«B signalling. As an
abundant constituents of the extracellular matrix, fibronectin
binds multiple integrins (34), resulting in the activation of
focal adhesion kinase (FAK) (32), Src (35), Akt (36), as well
as modulation of small GTPases of the Rho family (37).
Whether livin is involved in this cellular network orchestrated
by these molecules and thus inhibited tumor invasion need to
be investigated further. Previously it was reported that intermo-
lecular cooperation between IAP proteins, XIAP and survivin,
promotes tumor cell invasion in vitro and metastatic dissemina-
tion in vivo (7). Livin is an important member of IAPs family
and IAPs family members may cooperate with each other to
promote tumor cell invasion. Therefore, whether livin could
cooperate with other members of IAPs family, such as XIAP,
cIAPs and survivin needs clarification.

Previously, a link between NF-kB activity and metastasis
has been established to stimulation of epithelial-mesenchymal
transition (EMT), expression of matrix metalloproteinase-9
(MMP-9), or repression of putative metastasis-suppressor genes
(38). MMPs are a family of zinc-dependent metallo-endopep-
tidases that aid in the degradation of the components of the
ECM (39). Abnormal degradation rates often make cells more
anchorage-independent and lead to cancer. The MMP pathways
have also been responsible under various conditions to enhance
the progression of a malignant phenotype. We do not know
yet whether livin is involved in the activation/inhibition of the
MMP pathway and metastasis.

2015

In summary, we studied whether livin signaling affected
metastasis by transfecting siRNA targeting livin into the
DU-145 cancer cell line to confirm the anti-tumor-invasion
effect and supression of the livin gene. We next identified that
livin induction of fibronectin regulates tumor cell invasion via
NF-«B signaling. It was reported that livin expression was
significantly increased in a series of cancers (17-20). Moreover,
studies of biopsies from some cancers reported that livin is
detected in these tumor samples, but not in the corresponding
normal tissues. The relative overexpression indicates that livin
represents a therapeutic target to increase the apoptotic sensi-
tivity of cancer cells. Our data indicate livin as direct metastasis
gene being useful for therapeutic intervention against advanced
and disseminated PCa.
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