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Abstract: Livin is a novel member of the inhibitors of apoptosis protein family and has been 

implicated in the development and progression of colorectal cancer (CRC). However, the 

underlying mechanisms of Livin in CRC remain not fully understood. In this study, we inves-

tigated the effects of Livin expression on the proliferation and metastasis of CRC cells and also 

addressed its related molecular mechanism to metastasis. The expression of Livin in CRC cells 

(HCT116, SW480, and HT-29 cell lines) was determined by Western blot analysis. Our results 

show that the overexpression of Livin significantly promotes the proliferation, migration, and 

invasion of SW480 cells. Concurrently, the inhibition of Livin reduces the proliferation, migra-

tion, and invasion of HCT116 cells. In addition, Livin overexpression promotes the epithelial–

mesenchymal transition, as evidenced by a decrease in epithelial E-cadherin expression and an 

increase in mesenchymal markers, including vimentin, Slug, and Snail. Furthermore, adding 

the NF-κB inhibitor, BAY 11-7028, or transfecting with small interfering RNA against p65 

notably restores the expression level of E-cadherin and attenuates the invasive ability of Livin-

overexpressing cells. Taken together, these results indicate that Livin potentiates migration and 

invasion of CRC cells partially through the induction of epithelial–mesenchymal transition via 

NF-κB activation. Livin may be a potential therapeutic target for CRC.

Keywords: Livin, colorectal cancer, migration, invasion, epithelial–mesenchymal transition, 

NF-κB

Introduction
Despite advances in cancer therapies, colorectal cancer (CRC) remains one of the most 

common and lethal tumors worldwide, with an estimated 1,200,000 new cases and 

600,000 deaths every year.1,2 Moreover, like the other tumors, metastasis remains the 

major cause of CRC-related death.3 Metastasis renders primary tumors to the secondary 

metastatic sites, such as liver and lungs.4 Therefore, understanding the mechanisms 

involved in CRC metastasis is of great importance and may provide promising thera-

peutic targets for CRC.

Livin is a novel member of the inhibitors of apoptosis protein family, which 

selectively binds to the apoptotic regulators, including SMAC, caspase-3, caspase-7, 

and caspase-9, results in the inactivation and degradation of these enzymes, and 

finally inhibits cell apoptosis.5,6 A growing body of literature shows that Livin is 

abundantly expressed in tumor tissues but barely expressed in normal tissues,7–9 

indicating an important role of Livin in cancer progression. More recently, Livin was 
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shown to impact on multiple cellular behaviors, such as cell 

proliferation, invasiveness, and motility.10 Given the pleio-

tropic actions of Livin, it is now considered as a promising 

target for cancer treatment.5,11 In CRC, Livin expression is 

upregulated in colorectal carcinoma tissues and might cor-

relate with CRC metastasis and prognosis.12–14 Myung et al 

recently demonstrated that Livin was associated with tumor 

stage and facilitated tumor progression via regulating cell 

motility and apoptosis in CRC.15 However, the molecular 

mechanisms of Livin’s involvement in the CRC metastasis 

remain to be elucidated.

In this study, we investigated the metastatic role of Livin 

and its underlying mechanism in CRC cells. Our results showed 

that Livin overexpression facilitates the migration, invasion, 

and epithelial–mesenchymal transition (EMT) of CRC cells. 

Furthermore, Livin-mediated EMT and metastasis was depen-

dent on the activation of nuclear factor kappa B (NF-κB).

Methods
Cell culture
Three human CRC cell lines, namely HCT116, SW480, 

and HT-29 (Cell Bank of Chinese Academy of Sciences, 

Shanghai, People’s Republic of China), were cultured in Dul-

becco’s Modified Eagle’s Medium (Thermo Fisher Scientific, 

Waltham, MA, USA) containing 10% fetal bovine serum (FBS; 

Hyclone, Logan, UT, USA). The cells were maintained at 37°C 

in a humidified atmosphere containing 5% CO
2
 for subsequent 

experiments. The use of human CRC cell lines was approved 

by the ethics committee of China Medical University.

Plasmid construction and generation of 
Livin-overexpressing SW480 cell line
The coding sequence of Livin was obtained using reverse 

transcription-polymerase chain reaction (PCR) and was sub-

sequently cloned into pcDNA3.1 vector. After sequencing 

confirmation, the SW480 cells were transfected with 

vector–Livin or vector empty using Lipofectamine 2000 

Reagent (Life Technologies, Carlsbad, CA, USA) following 

the manufacturer’s instructions. Twenty-four hours after 

transfection, G418 (Life Technologies) solution was added to 

the culture to screen Livin- or vector-transfected cell clones.

RNA interference
The small interfering RNA (siRNA)-targeting NF-κB p65 

(p65 siRNA) and scrambled control siRNA (GenePharma, 

Shanghai, People’s Republic of China) were transiently 

transfected into SW480 cells using Lipofectamine 2000 

Reagent (Life Technologies). The short hairpin RNA 

(shRNA) construct-targeting Livin mRNA and scrambled 

control shRNA were transiently transfected into HCT116 

cells using Lipofectamine 2000 Reagent (Life Technologies). 

The sequences of Livin shRNA are 5′-GATCCCCGGTGA

GGTGCTTCTTCTGCTTCAAGAGAGCAGAAGAAGCA

CCTCACCTTTTT-3′, and the sequences of control shRNA 

are 5′-GATCCCCTTCTCCGAACGTGTCACGTTTCAAG

AGAACGTGACACGTTCGGAGAATTTTT-3′.

Real-time (RT)-PCR
Total RNA from cells was extracted using a RNA simple 

Total RNA Kit (TIANGEN Co., Beijing, People’s Republic 

of China). The RNA was then converted into complemen-

tary DNA using Super M-MLV Reverse Transcriptase 

(BioTeke, Beijing, People’s Republic of China). The 

specific primers used for Livin and β-Actin were as follows: 

Livin, 5′-CAGTTCCTGCTCCGGTCAA-3′ (forward) and 

5′-GGGCTCAAGAACCCACCAC-3′ (reverse); β-Actin, 

5′-CTTAGTTGCGTTACACCCTTTCTTG-3′ (forward) and 

5′-CTGTCACCTTCACCGTTCCAGTTT-3′ (reverse). The 

amplified products were quantitated with SYBR Green fluo-

rescence (Solarbio, Beijing, People’s Republic of China) in an 

Exicycler™ 96 RT-PCR machine (Bioneer, Daejeon, Korea).

Western blot analysis
Cell lysis was prepared using the radioimmunoprecipitation 

analysis (RIPA) lysis buffer (Beyotime Institute of Biotech-

nology, Haimen, People’s Republic of China). The protein 

concentration was determined using the bicinchoninic acid 

kits (Beyotime Institute of Biotechnology). Equal amounts 

of protein samples were separated by sodium dodecyl sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE) (8% or 10% 

gel) and electrotransferred onto polyvinylidene fluoride mem-

branes (EMD Millipore, Billerica, MA, USA). After blocking 

with 5% nonfat milk at room temperature for 1 hour, the 

membranes were incubated with specific primary antibodies 

(anti-Livin, 1:1,000, Abcam, Cambridge, UK; anti-MMP-2, 

anti-E-cadherin, and anti-p65, 1:400, Boster, Wuhan, Peo-

ple’s Republic of China; anti-vimentin, anti-Slug, anti-Snail, 

and anti-Histone H3, 1:500, Bioss, Beijing, People’s Republic 

of China; and anti-β-Actin, 1:1,000, Santa Cruz Biotechnol-

ogy Inc., Dallas, TX, USA) at 4°C overnight. The membranes 

were rinsed with Tween-Tris buffered saline (TTBS) three 

times and then incubated with appropriate secondary antirab-

bit or antimouse immunoglobulin G-horseradish peroxidase 

(IgG-HRP) antibody (1:5,000 diluted; Beyotime Institute of 

Biotechnology). The targeted protein bands were visualized 

using an enhanced chemiluminescence reagent (Qihai Biotec, 

Shanghai, People’s Republic of China) and analyzed using 

the Gel-Pro Analyzer software.
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Colony formation assay
Briefly, the SW480, vector control, and Livin-overexpressing 

cells were seeded as single cells in 35 mm dishes (100 cells 

per dish) and cultured for 14 days until the cell colonies were 

visible. The colonies were fixed with 4% paraformaldehyde 

and stained with Giemsa solution. The colonies consisting of 

at least 50 cells were counted under a phase contrast micro-

scope (Motic, Xiamen, People’s Republic of China). Colony 

formation efficiency was calculated as follows: (number of 

colonies/number of cells inoculated) ×100%.

MTT assay
The cells were seeded in 96-well plates at a density of 

2×103 cells in each well and incubated for various time 

intervals (24, 48, 72, or 96  hours). Then the cells were 

treated with 0.2 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,

5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich Co., 

St Louis, MO, USA) for an additional 4 hours of incubation. 

Finally, the cell supernatant was removed, and the resulting 

formazan was dissolved in 200 μL of dimethylsulfoxide. 

The optical density was determined at 490  nm using a 

microplate reader.

Wound-healing assay
Cells were grown to 90% confluence in the plates. After 

aspirating the cell culture medium, a uniform wound was 

scratched on the cell monolayer using a 200 μL sterile 

pipette tip. The remaining cells were then washed twice 

with serum-free culture media and cultured in a medium 

containing 10% FBS. The wound closure photographs were 

captured at 0 hour and 24 hours after scratching using a 

phase contrast microscope. The percent of wound closure 

was calculated as the cell migration distance to the initial 

wound distance.

Transwell invasion assay
The invasive capacities of CRC cells were determined using 

Matrigel (BD Biosciences, San Jose, CA, USA)-coated 

Transwell chambers (8 μm pore size; Corning Incorporated, 

Corning, NY, USA). Briefly, the cells were resuspended with 

serum-free medium, 5×104 cells were seeded into the upper 

chamber, and the lower chamber was added with 800 μL of 

DMEM containing 20% FBS. After 24 hours of incubation, 

cells that remained on the upper chamber were scraped away 

with a cotton swab, and the cells that migrated to the bottom 

of the filter were fixed and stained with crystal violet dyes 

(AMRESCO, Solon, OH, USA). The number of invaded 

cells was photographed under an inverted phase contrast 

microscope.

Immunofluorescence staining
The distribution of E-cadherin and NF-κB p65 in SW480 

cells was determined by immunofluorescence staining. Cells 

grown on the coverslips were fixed and permeabilized in 

0.1% Triton X-100. After blocking with normal goat serum 

(Solarbio), the cell slides were incubated in anti-E-cadherin or 

anti-p65 antibody (dilution 1:200; Boster) at 4°C overnight. 

Subsequently, the cells were incubated with Cy3-labeled goat 

anti-rabbit secondary antibody (1:200; Beyotime Institute of 

Biotechnology) for 1 hour. After washing off the unbound 

secondary antibodies, all slides were counterstained with 

4′,6-diamidino-2-phenylindole. The images of stained slides 

were visualized under a laser scanning confocal microscope 

(Olympus, Tokyo, Japan)

Electrophoretic mobility shift assay
Nuclear extracts from SW480, Livin-transfected, or vector-

transfected cells were prepared using a nuclear protein 

extraction kit (Beyotime Institute of Biotechnology). The 

binding reaction was performed using a Nonradioactive 

NF-κB EMSA Kit (Viagene Biotech, Changzhou, People’s 

Republic of China). The core sequence of the probe-targeting 

NF-κB is 5′-AGTTGAGGGGACTTTCCCAGGC-3′. Five 

microliters of nuclear extracts (at a concentration of 5 μg/μL) 

were incubated in 15 μL of mixed binding buffer contain-

ing biotin-labeled NF-κB p65 probe for 20 minutes at room 

temperature. The DNA/protein complexes were separated 

from free DNA on 6.5% nondenaturing polyacrylamide gel 

in 0.25 mM tetrabromoethane (TBE) and electrotransferred 

onto a nylon membrane. After cross-linking using UV 

light for 30 minutes, the membranes were detected using 

streptavidin–HRP and an enhanced chemiluminescence 

solution (Qihai Biotec).

Statistical analysis
Data are presented as the mean ± standard deviation. One-

way analysis of variance was used for the analyses between 

groups, and multiple comparisons were performed using 

the Bonferroni post hoc test. Data were processed using 

the GraphPad Prism 5.0 software (San Diego, CA, USA). 

A P-value ,0.05 was considered statistically significant.

Results
Construction of stably Livin-
overexpressing SW480 cell line
To assess the functional role of Livin in CRC cells, we first 

examined the expression of Livin in three CRC cell lines 

and constructed a cell line that stably overexpressed Livin. 

As shown in Figure 1A, Livin expression was the lowest 
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in SW480 cells and the highest in HCT116 cells among 

the cell lines tested. Thus, SW480 cells were chosen for 

Livin overexpression. After transfection, the mRNA level 

of Livin was significantly increased in Livin-transfected 

cells, which was about three times that of the vector control 

cells (Figure 1B, P,0.01). Similarly, Western blot results 

also revealed a marked upregulation of Livin protein level 

in Livin-transfected cells (Figure 1C, P,0.01). The results 

indicated that a stable Livin-overexpressing SW480 cell line 

was constructed.

Livin promotes the proliferation of 
SW480 cells
The effect of Livin overexpression on cellular prolifera-

tion was determined by colony formation and MTT assays. 

The colony formation assay showed more colonies of the 

Livin-transfected cells in the plate (Figure 2A). MTT results 

indicated that fortified Livin expression increased the cell 

proliferation rate after 48 hours (Figure 2B, P,0.05), but 

there was no significant difference in proliferation between 

Livin-transfected and vector control cells at 24 hours.

Overexpression of Livin promotes 
migration and invasion of SW480 cells
It has been demonstrated that Livin not only affects cell 

apoptosis but is also involved in tumor cell metastasis.16,17 

To assess the functional role of Livin in CRC metastasis, 

we compared the wound-healing migratory and Matrigel 

invasive capacities of Livin-transfected cells with those 

of vector control or parental SW480 cells. Wound-healing 

β

β

Figure 1 Constitutive overexpression of Livin in SW480 cells.
Notes: (A) Western blot analysis of Livin expression in HCT116, SW480, and HT-29 cell lines. (B) Real-time PCR analysis of the mRNA expression of Livin in the parental 
SW480, vector-transfected, and Livin-transfected cells. (C) Western blot analysis of Livin protein level in three groups of cells; the protein levels of Livin were quantified by 
a gray analysis with normalization to β-Actin. Compared to the vector control cells, **P,0.01.
Abbreviation: PCR, polymerase chain reaction.
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assay results showed that Livin-transfected cells exhibited 

enhanced migratory capacity compared to the vector control 

cells (Figure 2C and D, P,0.01). Transwell invasion assay 

showed that more Livin-transfected cells penetrated through 

the Matrigel-coated chambers (Figure 2E and F, P,0.01), 

indicating that Livin overexpression increased the motility 

and invasive capacity of SW480 cells.

Downregulation of Livin inhibits 
migration and invasion of HCT116 cells
To confirm the metastatic role of Livin in CRC cells, we fur-

ther used shRNA to knockdown Livin expression in HCT116 

cells. As shown in Figure 3A and B, significant reduction in 

the mRNA and protein levels of Livin was found in Livin 

shRNA-transfected HCT116 cells as determined by RT-PCR 

and Western blot analyses (P,0.01 vs control cells). Con-

sistently, knockdown of Livin caused a notable reduction in 

cell proliferation after 48 hours (Figure 3C). Furthermore, 

silencing of Livin expression dramatically inhibited the 

cell motility in wound-healing assay (Figure 3D) and the 

invasiveness in Transwell invasion assay (Figure 3E). Taken 

together, these results demonstrate that the knockdown of 

Livin inhibits CRC cell metastasis, highlighting the meta-

static role of Livin in CRC cells.

Figure 2 Overexpression of Livin promoting the proliferation, migration, and invasion of SW480 cells.
Notes: (A) Effect of Livin on single-cell proliferative capacity determined by colony formation assay. The cells on the plate were plotted as colony numbers. (B) Cell 
proliferation of the transfected cells and control assessed over 12–96 hours by an MTT assay. (C) Cell migration determined by the wound-healing assay. Magnification ×100 and 
scale bars =100 μm. (D) The percent of wound closure was calculated as the cell migration distance to the initial wound distance. (E) Transwell invasion assay to evaluate cell 
invasive ability. Magnification ×200 and scale bars =50 μm. (F) The number of invaded cells was calculated under an inverted light microscope. Data are presented as mean ± SD;  
compared with the vector control cells, *P,0.05 and **P,0.01.
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density; SD, standard deviation.
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Livin promotes the expression of EMT-
related markers in SW480 cells
Considering that EMT is a crucial step for mediating cancer 

metastasis, we further determined whether Livin overex-

pression affects the expression of EMT-related markers in 

SW480 cells. Our results showed that the overexpression 

of Livin significantly decreased the epithelial E-cadherin 

protein level but upregulated the expression levels of mes-

enchymal marker vimentin and the related transcription 

factors, including Snail and Slug in Livin-transfected cells 

(Figure 4A and B, P,0.01 vs vector group). Consistently, 

immunofluorescence staining also revealed a reduction of 

E-cadherin expression in Livin-transfected cells (Figure 4C). 

Together, these data suggest that Livin overexpression pro-

motes the EMT in CRC cells, which might further mediate 

cell migration and invasion.

Livin activates the NF-κB pathway in 
SW480 cells
The NF-κB pathway has been shown to play a pivotal role 

in cancer metastasis.18 To assess whether Livin overexpres-

sion is related to NF-κB activation, we further determined 

the expression and transcriptional activity of NF-κB. Our 

data showed that the overexpression of Livin significantly 

increased the nuclear p65 levels as compared with that of the 

vector control cells (Figure 5A and B, P,0.01). Additionally, 

electrophoretic mobility shift assay (EMSA) results showed 

the low basal levels of NF-κB-binding activity in parental 

SW480 and vector control cells, whereas the binding activ-

ity was significantly increased in Livin-transfected cells 

(Figure 5C and D, P,0.01). Immunofluorescence staining 

showed that Livin overexpression decreased the cytoplasmic 

p65 levels and increased the nuclear p65 levels as compared 

β

Figure 3 Downregulation of Livin inhibiting migration and invasion of HCT116 cells.
Notes: (A) Real-time PCR analysis of Livin mRNA levels from HCT116 cells transfected with shRNA against Livin or control shRNA. (B) Western blot analysis of Livin 
protein levels in HCT116 cells. β-Actin was used as a loading control. (C) MTT assay for cell proliferation of parental HCT116 cells or HCT116 transfectants. (D) Cell 
migration determined by the wound-healing assay. Magnification ×100 and scale bars =100 μm. The percent of wound closure was calculated as the cell migration distance 
to the initial wound distance. (E) Transwell invasion assay performed to evaluate cell invasive ability. Magnification ×200 and scale bars =50 μm. The number of invaded cells 
was calculated under an inverted light microscope. Data are presented as mean ± SD; compared with the control shRNA cells, *P,0.05 and **P,0.01.
Abbreviations: MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD, optical density; PCR, polymerase chain reaction; shRNA, short hairpin RNA; 
SD, standard deviation.
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Figure 4 Livin promoting the expression of EMT-related markers in SW480 cells.
Notes: (A) Western blot analysis to determine the expression of EMT-related proteins, including E-cadherin, vimentin, Snail, and Slug, in SW480 cells. (B) Relative protein 
levels quantified by a gray analysis with normalization to β-Actin. (C) Expression of E-cadherin assessed by immunofluorescence staining, which shows a decrease in the 
E-cadherin level of Livin-overexpressed cells. Cell nuclei were visualized with 4′,6-diamidino-2-phenylindole staining (blue). Magnification ×400 and scale bars =50 μm. 
Compared with the vector control cells **P,0.01.
Abbreviations: EMT, epithelial–mesenchymal transition; NF-κB, nuclear factor kappa B; siRNA, small interfering RNA.

β

to the parental SW480 and vector control cells (Figure 5E), 

which were consistent with Western blot and EMSA results. 

Taken together, these results indicate that Livin overexpres-

sion induces NF-κB activation in SW480 cells.

NF-κB activation contributes to Livin-
induced metastasis and EMT in CRC cells
To assess the involvement of NF-κB in Livin-induced 

CRC cell metastasis and EMT, we performed the in vitro 

inhibition assays using an NF-κB inhibitor and siRNA-

targeting NF-κB p65. Western blot analysis showed that 

there was an obvious increase in NF-κB p65 with a con-

comitant decrease in E-cadherin levels in the Livin-trans-

fected cells when compared to the vector or vector control 

siRNA cells (Figure 6A and B). Inhibition of NF-κB p65 

by BAY 11-7028 or siRNA p65 significantly reduced the 

level of NF-κB p65 and increased the level of E-cadherin 

as compared to the Livin-overexpressing cells (Figure 6A 

and B, P,0.05). Moreover, Transwell invasion assays 

revealed that the inhibition of NF-κB reversed the invasive 

ability induced by Livin overexpression (Figure 6C and D, 

P,0.01). Overall, these data indicate that Livin-mediated 
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cellular metastasis and EMT are partially dependent on 

NF-κB activation.

Discussion
Livin, a novel member of the inhibitors of apoptosis pro-

tein family, has been implicated in the development and 

progression of various human cancers. In this study, we 

demonstrated the potential metastatic role of Livin in CRC 

cells. Livin significantly facilitated the proliferation, motil-

ity, and invasiveness of CRC cells. Furthermore, Livin 

overexpression induced EMT in SW480 cells, which was 

partially dependent on NF-κB activation. These results 

indicate an important mediator of Livin in CRC cell migra-

tion and invasion.

Figure 5 Livin activating the NF-κB pathway in SW480 cells.
Notes: (A) Expression level of nuclear p65 in SW480 cells detected by Western blot analysis, with the nuclear marker protein Histone H3 as loading control. (B) Relative 
protein p65 level quantified by a gray analysis with normalization to Histone H3. (C) NF-κB-binding activity determined using EMSA with an NF-κB-specific probe (upper 
panel) and with a free probe (lower panel) as loading control. (D) Relative DNA-binding levels of NF-κB. (E) Immunofluorescence staining of NF-κB p65 expression in the 
SW480 cells; representative images of cytoplasmic and nuclear NF-κB p65 expression and localization. Magnification ×400 and scale bars =50 μm. Compared with the vector 
control cells, **P,0.01.
Abbreviations: DAPI, 4′,6-diamidino-2-phenylindole; EMSA, electrophoretic mobility shift assay; NF-κB, nuclear factor kappa B.
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Figure 6 NF-κB activation contributing to Livin-induced invasion and EMT.
Notes: Western blot analysis of NF-κB p65 and E-cadherin protein levels in SW480 cells treated with (A) BAY 11-7028 or (B) siRNA p65. Relative protein levels were 
quantified by a gray analysis with normalization to β-Actin. Blocking the NF-κB pathway restored the expression of E-cadherin repressed by Livin. (C and D) Transwell 
invasion assay indicating that BAY 11-7028 or siRNA p65 treatment suppresses Livin-induced invasive capacity of SW480 cells. Magnification ×200 and scale bars =50 μm. 
Compared to the vector cells or vector control siRNA cells, ##P,0.01; compared to the Livin cells or Livin control siRNA cells, *P,0.05 and **P,0.01.
Abbreviations: DAPI, 4′,6-diamidino-2-phenylindole; EMT, epithelial–mesenchymal transition; NF-κB, nuclear factor kappa B; siRNA, small interfering RNA.
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Previous studies have linked Livin to metastasis in 

multiple solid tumors, such as lung cancer,19 breast cancer,20,21 

gastric cancer,17 and laryngohypopharyngeal cancer.16 

In CRC, ectopic overexpression of Livin correlates with 

tumor metastasis and implies poor prognosis.12–14 Recently, 

Myung et al further demonstrated that Livin expression 

is associated with the tumor stage and facilitated tumor 

progression via regulating CRC cell motility and apoptosis.15 

However, the metastatic mechanism of Livin in CRC cells 

still needs investigation. Here, we showed that Livin overex-

pression significantly increased the proliferation, migration, 

and invasion of SW480 cells. Concurrently, downregulation 

of Livin inhibited the cell proliferation rate and suppressed 

the motility and invasiveness in HCT116 cells. These results 

demonstrate that Livin promotes cell proliferation and metas-

tasis in CRC cells, highlighting the metastatic role of Livin in 

CRC and establishing that our results are in line with those 

of a previous report.20

EMT occurs in the early stage of tumor metastasis and 

plays a key role in cancer progression.4,22 The hallmark features 

of EMT include reduction in cell adhesion and acquirement of 

cell motility.23 E-cadherin is the most vital epithelial marker, 

which can be repressed by the transcriptional repressors, such 

as Snail and Slug.24,25 Vimentin is one of the mesenchymal 

markers during EMT. In this study, ectopic overexpression of 

Livin resulted in a significant downregulation of E-cadherin 

and upregulation of vimentin, Snail, and Slug at the protein 

levels in Livin-overexpressed SW480 cells. Immunofluo-

rescence analysis also confirmed the decreased E-cadherin 

expression in Livin-overexpressed SW480 cells. Our results 

are in line with those of a recent study showing Livin-induced 

EMT in breast cancer cells21 and highlight a functional link 

between Livin and EMT in CRC cell metastasis.

Multiple pathways and molecules contribute to the EMT 

process,26,27 among which the NF-κB pathway has been 

shown to play an essential role for EMT process. NF-κB 

can regulate the expression of EMT-related proteins, such 

as Snail, Slug, Twist, and Zeb1.18,28 NF-κB closely correlates 

with cancer development and progression.29,30 Recently, Chen 

et al found that Livin regulated invasion of prostate cancer 

cells via the NF-κB signaling pathway.31 In this study, we 

found that the overexpression of Livin resulted in cytoplasmic 

NF-κB p65 translocation to the nucleus of CRC cells. In addi-

tion, Livin increased the NF-κB-binding activity, suggesting 

the activation of NF-κB in the Livin-overexpressing cells. 

Furthermore, by using the NF-κB inhibitor BAY 11-7028, 

we found that NF-κB inhibition restored the expression 

level of E-cadherin and inhibited the invasiveness of 

Livin-overexpressed cells. Similar results were observed in 

the siRNA-mediated NF-κB knockdown experiment. Our 

results suggest that Livin-induced EMT is at least partially 

dependent on NF-κB activation. Yet, it is also noteworthy 

that Livin regulated EMT in breast cancer cells through AKT 

(the serine/threonine kinase), also konwn as protein kinase B 

(PKB) signaling;21 further characterizations are required to 

illustrate the mechanisms related to Livin-induced EMT.

Conclusion
In summary, we demonstrated that Livin contributes to 

CRC cells’ migration, invasion, and EMT. The activation 

of NF-κB is at least partially responsible for Livin-induced 

EMT. Our results indicate a critical role of Livin in the 

regulation of CRC metastasis, which may provide a potential 

target for CRC therapy.
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