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Abstract. Livin, a novel member of the human inhibitors of 
apoptosis protein family, has been shown to be critical for 
tumor progression and poor prognosis for several types of 
malignancies. However, limited reports exist regarding the 
biological functions of Livin in human gastric cancer (GC). 
The present study investigated the clinical significance of 
Livin and caspase-3 (CAS-3) in human GC using immuno-
histochemistry assay, and explore the potential using RNA 
interference to knockdown Livin expression, including the 
subsequent effects on tumor growth and invasion in GC 
cells in vitro and in vivo. Our results showed that the rate 
of positive expression of Livin was significantly higher in 
GC tissues compared to that in adjacent non-cancer tissues 
(ANCT) (64.1 vs. 30.8%, P<0.001), while CAS-3 was lower 
in GC tissues than in ANCT (33.3 vs. 66.7%, P=0.001). Livin 
expression was positively correlated with tumor differentiation 
and lymph node metastases (P=0.009; P=0.007), while CAS-3 
was negatively correlated with them (P=0.036; P=0.002) in 
patients with GC. Furthermore, knockdown of Livin inhibited 
cell proliferative activities and invasive potential, and induced 
cell in situ apoptosis in GC cells, accompanied with decreased 
expression of p38 MAPK, VEGF and MMP-2 and increased 
expression of CAS-3. In addition, the tumor volumes in the 
SGC7901 subcutaneous nude mouse model treated with 
Lv-shLivin was significantly smaller compared to those of 
the PBS group (P<0.01). Taken together, our findings indicate 
that the expression of Livin is increased in human GC and 

correlates with tumor differentiation and lymph node metas-
tases, while knockdown of Livin inhibits cell growth and 
invasion through blockade of the MAPK pathway in GC cells, 
suggesting that Livin may be a potential therapeutic target for 
the treatment of GC.

Introduction

Gastric cancer (GC) is one of the most common malignancies 
worldwide, with an estimated 934,000 cases reported globally 
in 2002, and is the second most common cause of death from 
cancer. The prognosis of GC is poor with an estimated rela-
tive 5-year survival rate of <20% (1). GC is a genetic disease 
developing from a multi-step process. Single or multiple 
mutations in genes related to growth control, invasion and 
metastasis form the molecular genetic basis of malignant 
transformation and tumor progression (2). Therefore, identi-
fication of key genes and targets related to tumorigenesis is 
crucial for diagnosis and prevention of GC.

Apoptosis plays a pivotal role in sustaining proper tissue 
development and homeostasis. Evading apoptosis by cancer 
cells is a part of their adaption to microenvironment and 
therapies. Pro-survival molecules including Livin can protect 
tumor cells from apoptosis and mediate metastatic processes, 
thus enhancing aggressive phenotype (3). Livin, an identified 
member of the inhibitor-of-apoptosis protein (IAP) family of 
anti-apoptosis proteins, is expressed in a variety of tumors 
including melanoma, neuroblastoma, mesothelioma and 
osteosarcoma (4-6). A high level of Livin protein expression 
plays a role in the progression of melanoma and correlates 
with survival and a poor prognosis (7). Overexpression of 
Livin stimulates cell proliferation and inhibits chemical 
induced apoptosis in bladder cancer, suggesting it as a prom-
ising marker to identify the relapse risk in bladder cancer (8). 
Livin expression also increases resistance to apoptotic stimuli, 
and contributes significantly to the proliferation and invasive 
capacity of hepatocellular carcinoma (HCC) cells (9), while 
targeted inhibition of Livin by peptides represents a viable 
approach for the apoptotic sensitization and growth inhibition 
of tumor cells (10). Thus, targeting Livin may offer a thera-
peutic benefit in apoptosis-inducing treatment.

Knockdown of Livin inhibits growth and invasion of gastric cancer 
cells through blockade of the MAPK pathway in vitro and in vivo
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Livin plays an important role in drug resistance and 
radiation sensitivity of some cancers. It is highly expressed 
in colon cancer cells resistant to several antitumor drugs 
and knockdown of the expression reverses drug resistance 
phenotype of tumor cells (11). Livin increases resistance to 
doxorubicin and etoposide in MYCN oncogene amplified 
neuroblastoma (12). Overexpression of Livin inhibits the acti-
vation of caspase-3 and leads to resistance to cisplatin, while 
Livin knockdown enhances its sensitive in colorectal cancer 
(CRC) cells (13). The IAP Livin is also an important molecule 
in anti-radiotherapy, and Livin-specific gene silencing is likely 
to be an effective means to enhance radiation sensitivity of 
lung cancer (14). These studies highlight the potential of Livin 
for cancer therapy.

However, some studies have shown that Livin plays a dual 
role in tumorigenicity. Livin α promotes tumor initiation, while 
the growth of tumors originating from cells expressing Livin 
β is inhibited (15). Livin expression does not correlate with 
pathological or clinical parameters and are not predictive of 
patient outcome (16,17). Thus, we need to explore further the 
clinical significance and function of Livin in GC. We hypoth-
esized that Livin expression correlated with pathological or 
clinical parameters of patients with GC, and knockdown of 
Livin suppressed cell growth and invasion, and induced cell 
apoptosis in GC cells via inhibition of the MAPK pathway.

Materials and methods

Materials. The human SGC-7901 GC cell line used in the 
experiments was from Institute of Biochemistry and Cell 
Biology (Shanghai, China). Lv-shLivin, negative control 
vector and virion-packaging elements were from Genechem 
(Shanghai, China). The primers of Livin, VEGF and CAS-3 
were synthesized by ABI Prism (USA). All antibodies were 
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Drugs and reagents. Dulbecco's modified Eagle's medium 
(DMEM) and fetal bovine serum (FBS) were from Thermo 
Fisher Scientific Inc. (Waltham, MA, USA); TRIzol reagent 
and Lipofectamine 2000 were from Invitrogen (Carlsbad, 
CA, USA); M-MLV Reverse Transcriptase was from Promega 
(Madison, WI, USA); SYBR Green Master Mixture was from 
Takara (Otsu, Japan). ECL-PLUS/kit was from GE Healthcare 
(Piscataway, NJ, USA). In-situ cell death kit was from 
Boehringer-Mannheim (Germany).

Clinical samples and data. Human GC tissues and corre-
sponding ANCT were obtained from biopsy prior to 
chemotherapy in a total of 78 consecutive cases of GC 
admitted in our hospital from January 2008 to December 
2011. The study was approved by Medical Ethics Committee 
of Shanghai Jiaotong University and written informed consent 
was obtained from the patients or their parents before sample 
collection. Two pathologists respectively reviewed all of the 
cases.

Immunohistochemical (IHC) staining. Anti-Livin and CAS-3 
antibodies were used for IHC detection of the expression of 
Livin and CAS-3 proteins in tissue microarrays. Tissue micro-
array sections were processed for IHC analysis of Livin and 

CAS-3 protein as follows: IHC examinations were carried 
out on 3-mm thick sections. For anti-Livin and CAS-3 IHC, 
unmasking was performed with 10 mM sodium citrate buffer, 
pH 6.0, at 90˚C for 30 min. For anti-Livin and CAS-3 IHC, 
antigen unmasking was not necessary. Sections were incubated 
in 0.03% hydrogen peroxide for 10 min at room temperature, 
to remove endogenous peroxidase activity and then in blocking 
serum (0.04% bovine serum albumin, A2153, Sigma-Aldrich, 
Shanghai, China and 0.5% normal goat serum X0907, Dako 
Corp., Carpinteria, CA, USA, in PBS) for 30 min at room 
temperature. Anti-Livin and CAS-3 antibodies were used at 
a dilution of 1:200. The antibodies were incubated overnight 
at 4˚C. Sections were then washed three times for 5 min in 
PBS. Non-specific staining was blocked with 0.5% casein and 
5% normal serum for 30 min at room temperature. Finally, 
staining was developed using diaminobenzidine substrate and 
sections were counterstained with hematoxylin. Normal serum 
or PBS was used to replace anti-Livin and CAS-3 antibodies 
in negative controls. Livin and CAS-3 expression was semi-
quantitatively estimated as the total IHC staining score. The 
proportion score reflected the fraction of positive staining 
cells (score 0, <5%; score 1, 5-10%; score 2, 10-50%; score 3, 
50-75%; score 4, >75%), and the intensity score represented the 
staining intensity (score 0, no staining; score 1, weak positive; 
score 2, moderate positive; score 3, strong positive). Finally, a 
total expression score was given ranging from 0 to 12. Based 
on the analysis in advance, Livin and CAS-3 were regarded 
as negative expression in GC if the score was <2, and positive 
expression if the score was ≥2.

Cell culture and transfection. GC SGC-7901 cells were 
cultured in DMEM medium supplemented with 10% heat-
inactivated FBS, 100 U/ml of penicillin and 100 µg/ml of 
streptomycin. They were all placed in a humidified atmo-
sphere containing 5% CO2 at 37˚C. Cells were subcultured 
at a 1:5 dilution in medium containing 300 µg/ml G418 (an 
aminoglycoside antibody, commonly used stable transfection 
reagent in molecular genetic testing). On the day of transduc-
tion, GC cells were replated at 5x104 cells/well in 24-well 
plates containing serum-free growth medium with polybrene 
(5 mg/ml). When confluence reached 50%, cells were trans-
fected with recombinant experimental virus or control virus at 
the optimal MOI (multiplicity of infection) of 50, and cultured 
at 37˚C and 5% CO2 for 4 h. Then supernatant was discarded 
and serum containing growth medium was added. At 4 days 
of post-transduction, transduction efficiency was measured 
by the frequency of green fluorescent protein (GFP)-positive 
cells. Positive stable transfectants were selected and expanded 
for further study. The clone in which the Lv-shLivin was 
transfected was named as shLivin group, the negative control 
vector transfected was named as NC group, and SGC-7901 
cells were named as CON group.

Quantitative real-time PCR. To quantitatively determine the 
mRNA expression levels of Livin, VEGF and CAS-3 in GC 
SGC-7901 cells, real-time PCR was used. Total RNA of each 
clone was extracted with TRIzol according to the manufac-
turer's protocol. Reverse-transcription was carried out using 
M-MLV and cDNA amplification was carried out using SYBR 
Green Master Mix kit according to the manufacturer's protocol. 
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Target genes were amplified using a specific oligonucleotide 
primer and human glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) gene was used as an endogenous control. The PCR 
primer sequences were as follows: Livin, 5'-CGCACGGCACA 
AAGACGA-3' and 5'-GTCAGTTCCTGCTCCGGTCAA-3'; 
p38  MAPK, 5'-AACCTGTCCCCGGTGGGCTCG-3' and 
5'-CGATGTCCCGTCTTTGTATGA-3'; VEGF, 5'-GGTGAG 
AGGTCTAGTTCCCGA-3' and 5'-CCATGAACTTTCTG  
CTCTTC-3'; MMP-2, 5'-GGCCCTGTCACTCCTGAGAT-3' 
and 5'-GGCATCCAGGTTATCGGGGA-3'; CAS-3, 5'-CAG 
ACAGTGGAACTGACGAT-3' and 5'-TTTCAGCATGGC 
GCAAAGTG-3'; β-actin, 5'-AGCCATGTACGTAGCCA 
TCC-3' and 5'-CTCTCAGCTGTGGTGGTGAA-3'. Data were 
analyzed using the comparative Ct method (2-∆∆Ct). Three 
separate experiments were performed for each clone.

Western blot assay. GC SGC-7901 cells were harvested and 
extracted using lysis buffer (Tris-HCl, SDS, mercaptoethanol, 
glycerol). Cell extracts were boiled for 5 min in loading buffer 
and then equal amount of cell extracts were separated on 
15% SDS-PAGE gels. Separated protein bands were trans-
ferred into polyvinylidene fluoride (PVDF) membranes and 
the membranes were blocked in 5% skim milk powder. The 
primary antibodies against Livin, MAPK, p-MAPK, VEGF, 
MMP-2 and CAS-3 were diluted according to the instructions 
of antibodies and incubated overnight at 4˚C. Then, horseradish 
peroxidase-linked secondary antibodies were added at a dilu-
tion ratio of 1:1,000, and incubated at room temperature for 
2 h. The membranes were washed with PBS three times and 
the immunoreactive bands were visualized using ECL-PLUS/
kit according to the kit instructions. The relative protein level 
in different cell lines was normalized to β-actin concentration. 
Three separate experiments were performed for each clone.

Fluorescence microscopy. Twenty-four hours after transfection, 
cells were plated on glass cover slips and 48 h post transfection 
the cover slips were washed extensively in phosphate-buffered 
saline (PBS) and fixed with 4% paraformaldehyde in PBS. 
After additional washing, the cells were permeabilized with 
1% Triton X-100 in PBS for 10 min. The cover slips were then 
washed and blocked with 1% BSA for 30 min. Cells were 
incubated in the appropriate primary antibodies (Livin, VEGF 
and CAS-3) overnight at 4˚C. Samples were then washed and 
incubated with species-specific secondary rhodamine-labeled 
antibodies (TRITC) in PBS (1:100 dilution) for 60 min. Nuclei 
were stained with DAPI at RT for 10 min and cover slips 
mounted with Antifade solution prior to imaging on a confocal 
microscope.

MTT assay. Cell growth in  vitro was evaluated using a 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 
(MTT; Sigma) assay. Briefly, 1x104 cells were plated in 96-well 
plates and grown overnight. Twenty microliters of MTT (5 g/l) 
was added into each well for 4 h. After the medium containing 
MTT was aspirated, the formazan crystals were dissolved in 
200 µl dimethyl sulfoxide. The absorbance was recorded using 
a Teacan 96-well spectrophotometer at wavelength of 570 nm, 
using a wavelength of 630  nm as the reference. Data are 
presented as the mean ± SD, derived from triplicate samples of 
at least three independent experiments.

Transwell invasion assay. Transwell filters were coated 
with Matrigel (3.9 µg/µl, 60-80 µl) on the upper surface of a 
polycarbonic membrane (diameter 6.5 mm, pore size 8 µm). 
After incubating at 37˚C for 30 min, the Matrigel solidified 
and served as the extracellular matrix for analysis of tumor 
cell invasion. Harvested cells (1x105) in 100 µl of serum‑free 
DMEM were added into the upper compartment of the 
chamber. A total of 200 µl conditioned medium derived from 
NIH3T3 cells was used as a source of chemoattractant and was 
placed in the bottom compartment of the chamber. After 24-h 
incubation at 37˚C with 5% CO2, the medium was removed 
from the upper chamber. The non-invaded cells on the upper 
side of the chamber were scraped off with a cotton swab. The 
cells that had migrated from the Matrigel into the pores of the 
inserted filter were fixed with 100% methanol, stained with 
hematoxylin, and mounted and dried at 80˚C for 30 min. The 
number of cells invading through the Matrigel was counted 
in three randomly selected visual fields from the central and 
peripheral portion of the filter using an inverted microscope 
(x200 magnification). Each assay was repeated three times.

Detection of cell apoptosis. Apoptosis was detected by the 
TdT-mediated dUTP nick-end labeling (TUNEL) method. 
Briefly, cells were dewaxed, incubated with blocking solu-
tion (0.3% H2O2 in double distilled water) for 30 min and 
permeabilized with 0.1% Triton X-100 in PBS for 2 min on ice. 
Apoptosis was detected using an in-situ cell death kit. Positive 
cells were visualized by fluorescence microscopy. As a control, 
the reaction mixture was incubated without enzyme to detect 
non-specific staining. The apoptotic index was calculated from 
the ratio of the number of positively stained tumor cells to the 
total number of tumor cells.

Subcutaneous tumor model and gene therapy. Six-week-old 
female immune-deficient nude mice (BALB/c-nu) were bred 
at the Laboratory Animal Facility (Haematology Institute of 
Chinese Academy of Sciences, Shanghai, China) and were 
housed individually in microisolator ventilated cages with free 
access to water and food. All experimental procedures were 
performed according to the regulations and internal biosafety 
and bioethics guidelines of Shanghai Jiaotong University and 
the Shanghai Municipal Science and Technology Commission. 
Two mice were injected subcutaneously with 1x108 GC cells 
in 50 µl of PBS pre-mixed with an equal volume of Matrigel 
matrix (Becton-Dickinson). Mice were monitored daily 
and developed a subcutaneous tumor. When the tumor size 
reached ~5 mm in length, they were surgically removed, cut 
into 1-2 mm3 pieces and re-seeded individually into other 
mice. When tumor size reached ~5 mm in length, the mice 
were randomly assigned as PBS group and Lv-shLivin-treated 
group. In Lv-shLivin group, 15 µl of lentivirus was injected 
into subcutaneous tumors using a multi-site injection format. 
Injections were repeated every other day after initial treat-
ment. The tumor volume every three days was measured with 
a caliper, using the formula volume = (length x width)2 / 2.

Statistical analysis. SPSS 20.0 was used for the statistical 
analysis. Kruskal-Wallis H test and χ2 test were used to analyze 
the expression rate in all groups. One-way analysis of variance 
(ANOVA) was used to analyze the differences between groups. 
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The LSD method of multiple comparisons was used when the 
probability for ANOVA was statistically significant. Statistical 
significance was set at P<0.05.

Results

The expression of Livin and CAS-3 proteins in human GC. 
The expression of Livin and CAS-3 proteins was examined 
by IHC staining. Positive staining of Livin was found in the 
cytoplasm and nucleus, whereas that of CAS-3 protein was 
mainly observed in the cytoplasm in GC tissues (Fig. 1). As 
shown in Table I, the positive expression of Livin was detected 
in 64.1% (50/78) of the GC tissues, and 30.8% (24/78) in a 
small fraction of ANCT (P<0.001). In contrast, CAS-3 was 
found in 66.7% (52/78) of ANCT tissues and 33.3% (26/78) of 
GC tissues (P=0.001). Spearman correlation analysis revealed 
the negative correlation between Livin and CAS-3 expression 
in GC.

The correlation of Livin and CAS-3 protein expression with 
clinicopathological characteristics. The association between 

Livin and CAS-3 expression and various clinical and histo-
pathological features was analyzed. As shown in Tables II 
and  III, no significant link was found between Livin and 
CAS-3 expression with the factors including age and gender of 
the patients, or the size and TNM staging of the tumors (each 
P>0.05). However, Livin expression was positively corre-
lated with tumor differentiation and lymph node metastases 
(P=0.009; P=0.007), but CAS-3 was negatively associated 
with them (P=0.036; P=0.002).

Effect of Livin knockdown on p38 MAPK and p-p38 MAPK 
expression. To confirm the effect of Livin knockdown on the 
expression of p38 MAPK and p-p38 MAPK in GC SGC-7901 
cells, the mRNA expression levels of Livin and p38 MAPK 
were measured by real-time PCR. An obvious inhibition 
of Livin and p38 MAPK mRNA expression was observed 
in shLivin group compared with the NC and CON groups 
(Fig. 2A, P<0.01). Western blot assay indicated that Livin, 
p38 MAPK and p-p38 MAPK were found downregulated in 
shLivin group compared with the NC and CON groups) in 
GC cells (Fig. 2B and C, P<0.01).

Figure 1. The expression of Livin and CAS-3 proteins in human GC (x200). The expression of Livin and CAS-3 proteins was examined in different grades of 
GC by IHC staining. 1, Adjacent non-cancer tissue; 2, well-differentiated gastric cancer tissue; 3, moderately-differentiated gastric cancer tissue; 4, poorly-
differentiated gastric cancer tissue. Livin expression was increased in gastric cancer tissues compared with adjacent non-cancer tissue, elevated with the 
ascending order of tumor malignancy, while GAS-3 expression was decreased in gastric cancer tissues compared with adjacent non-cancer tissue, lowered 
with the ascending order of tumor malignancy,

Table I. Expression of Livin and CAS-3 proteins in GC.

	 N
	 ---------------------------------------------------------------
Target	 Group	 Total	 -	 +	 ++	 +++	 Positive rate (%)	 χ2	 P-value

Livin	 GC	 78	 28	 20	 12	 18	 64.1	 13.562	 <0.001
	 ANCT	 78	 54	   8	   5	 11	 30.8

CAS-3	 GC	 78	 52	 14	 8	   4	 33.3	 11.478	   0.001
	 ANCT	 78	 26	 38	 11	   3	 66.7

GC, gastric cancer; ANCT, adjacent non-cancer tissues.
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Effect of Livin knockdown on VEGF, MMP-2 and CAS-3 
expression. To examine the effect of Livin knockdown on 
the expression of VEGF, MMP-2 and CAS-3 in GC cells, 

GC SGC-7901 cells were transfected with Lv-shLivin. The 
mRNA expression levels of VEGF, MMP-2 and CAS-3 were 
evaluated by quantitative real-time PCR (Fig. 3A) and their 

Table II. The correlation of Livin protein with clinicopatho-
logical features of patients with GC.

	 Livin
	 expression
	 -------------------
Variables	 Cases (n)	 -	 +	 P-value
Total	 78	 28	 50

No. of patients

Age (years)
	≤55	 25	   8	 17
	>55 	 53	 20	 33	 0.624

Sex
	Male 	  54	 19	 35
	Female 	 24	   9	 15	 0.845

Tumor size (cm)
	≤3.5 	 36	 16	 20
	>3.5 	 42	 12	 30	 0.148

Tumor differentiation
	Well + moderately	 32	 17	 15
	Poorly	 46	 11	 35	 0.009

TNM staging
	Ⅰ+Ⅱ	 40	 13	 27
	Ⅲ+Ⅳ	 38	 15	 23	 0.524

Metastatic lymph node
	Negative	 29	 16	 13
	Positive	 49	 12	 37	 0.007

Table III. The correlation of CAS-3 protein with clinicopatho-
logical features of patients with GC.

	 CAS-3
	 expression
	 -------------------
Variables	 Cases (n)	 -	 +	 P-value
Total	 78	 52	 26

No. of patients

Age (years)
	≤55	 25	 17	 8
	>55 	 53	 35	 18	 0.865

Sex
	Male 	  54	 34	 20
	Female 	 24	 18	 6	 0.301

Tumor size (cm)
	≤3.5 	 36	 26	 10
	>3.5 	 42	 26	 16	 0.338

Tumor differentiation
	Well + moderately	 32	 17	 15
	Poorly	 46	 35	 11	 0.036

TNM staging
	Ⅰ+Ⅱ	 40	 28	 12
	Ⅲ+Ⅳ	 38	 24	 14	 0.524

Metastatic lymph node
	Negative	 29	 13	 16
	Positive	 49	 39	 10	 0.002

Figure 2. Effect of Livin knockdown on p38 MAPK pathway. (A) After Lv-shLivin was transfected into GC SGC-7901 cells, the mRNA expression levels of 
Livin and p38 MAPK were measured by real-time PCR, indicating that an obvious inhibition of Livin and p38 MAPK mRNA expression was observed in 
shLivin group compared with the NC and CON groups (**P<0.01). (B and C) Western blot assay showed that knockdown of Livin downregulated the expression 
of p38 MAPK and p-p38 MAPK in shLivin group compared with the NC and CON groups) in GC cells (**P<0.01).
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protein expression was identified by fluorescence microscopy 
(Fig. 3B). The expression levels of VEGF and MMP-2 were 
decreased, while that of CAS-3 was increased in shLivin 
group compared with the NC and CON groups (each P<0.01).

Effect of Livin knockdown on cell proliferation and invasion. 
To gain knowledge on the effect of Livin knockdown on tumor 
growth and invasion in GC SGC-7901 cells, we assessed cell 
proliferative activities by MTT assay and cell invasive potential 
by Transwell assay. It was found that Livin knockdown mark-
edly suppressed cell proliferative activities in a time-dependent 
manner (Fig. 4A) and cell invasive potential (Fig. 5A and B) in 
GC cells compared with NC and CON groups (each P<0.01). 
In addition, we detected the protein expression of VEGF 
(Fig. 4B and C) and MMP-2 (Fig. 5C and D) by western blot 
assay to determine whether Livin knockdown affected their 
expression through translational repression. It was shown that 
the amount of VEGF and MMP-2 proteins was significantly 
decreased in shLivin group compared with NC and CON 
groups (P<0.01).

Effect of Livin knockdown on cell apoptosis. To evaluate 
whether Livin knockdown influenced cell in situ apoptosis, 
TUNEL method was performed. Cell apoptotic index in 
shLivin group was remarkably increased compared with the 
NC and CON groups (Fig. 6A and B, P<0.01). We detected the 
protein expression of CAS-3 (Fig. 6C and D) by western blot 
assay to determine the effect of Livin knockdown on CAS-3 
expression through translational repression. It was shown that 
the amount of CAS-3 protein was significantly increased in 
shLivin group compared with NC and CON groups (P<0.01).

Antitumor effect of Lv-shLivin on SGC-7901 xenograft model. 
Our in vitro experiments demonstrated that knockdown of 

Figure 3. Effect of Livin knockdown on VEGF, MMP-2 and CAS-3 expres-
sion. After Lv-shLivin was transfected into GC SGC-7901 cells, the mRNA 
expression levels of VEGF, MMP-2 and CAS-3 were assessed by quantitative 
real-time PCR (A) and their protein expression was identified by fluorescence 
microscopy (B). The expression levels of VEGF and MMP-2 were decreased, 
while that of CAS-3 was increased in shLivin group compared with the NC 
and CON groups (each **P<0.01).

Figure 4. Effect of Livin knockdown on cell proliferation. (A) MTT assay was to investigate the proliferative activities of GC SGC-7901 cells and indicated that 
knockdown of Livin significantly diminished proliferative activities of GC cells in a time-dependent manner (each **P<0.01). (B and C) The amount of VEGF 
protein, indicated by western blot assay, was significantly decreased in shLivin group compared with the NC and CON groups (**P<0.01).
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Livin could efficiently inhibit proliferation and invasion in GC 
SGC-7901 cells. Therefore, we further investigated antitumor 
effect of Lv-shLivin in vivo using the SGC-7901 xenograft 
model and letivirus-mediated gene therapy. The mean volume 
of tumors in all experimental mice before treatment was 
38.20±9.40 mm3. Each mouse was challenged by in situ injec-

tion of PBS (control; n=4), or Lv-shLivin (n=4). During the 
first two weeks recovery, the tumors in Lv-shLivin group grew 
slowly compared with NC group (Fig. 7A and C). There was 
a significant difference in tumor volumes and weight between 
Lv-shLivin group and PBS group over the observation period 
(P<0.01) (Fig. 7B and D).

Figure 5. Effect of Livin knockdown on cell invasion (x200). (A and B) Transwell assay was carried out to determine the invasive potential of GC cells, which 
was significantly decreased in shLivin group compared with NC and CON groups (**P<0.01). (C and D) The amount of MMP-2 protein, indicated by western 
blot assay, was significantly decreased in shLivin group compared with the NC and CON groups (**P<0.01).

Figure 6. Effect of Livin knockdown on cell apoptosis (x200). (A and B) TUNEL assay was performed to analyze the apoptotic indexes of GC cells, which 
were significantly reduced in shLivin group compared with NC and CON groups (**P<0.01). (C and D) The amount of CAS-3 protein, indicated by western blot 
assay, was significantly increased in shLivin group compared with the NC and CON groups (**P<0.01).
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Discussion

Livin, a member of the IAP family, plays crucial roles in apop-
tosis, cell proliferation and cell cycle control. Abnormal Livin 
expression is detected during the process of cancer formation 
and progression (18). Livin is highly expressed in CRC tissues, 
and may influence the prognosis of CRC as a biomarker or 
potential therapeutic target (19). Livin is also expressed in 75% 
of bladder cancer, and its detection in bronchial aspirates shows 
63% sensitivity and 92% specificity, suggesting that Livin may 
be valuable diagnostic marker for the early diagnosis of lung 
cancer (20) and predict early recurrence in invasive bladder 
cancer (21). Thus, Livin research may provide an opportunity 
for the development of potential therapy for Livin-relevant 
cancers.

Interestingly, Livin is a member of CAS inhibitors that 
selectively binds the endogenous CAS-3 (22). It is negatively 
associated with CAS-3 expression and contributes to the 
tumor progression (23). To further clarify the clinical signifi-
cance of Livin and CAS-3 in GC, in the present study, our 
findings showed that, Livin expression was increased, while 
CAS-3 was decreased in human GC tissues compared to the 
ANCT. Moreover, Livin expression was positively correlated 
with tumor differentiation and lymph node metastases, but 
CAS-3 was negatively associated with them, which has been 
confirmed by Wang et al (24) and Liang et al (25). In addition, 
as for the cellular localization, the positive expression of Livin 
and CAS-3 was mainly localized in the cytoplasm, suggesting 
that cytoplasmic accumulation of Livin may contribute to the 
development of GC.

In regard to the function of Livin in cancer, some studies 
have demonstrated that Livin promotes tumor cell proliferation 
by regulating G1-S cell cycle transition (26) and mediates cell 
invasion via nuclear NF-κB signaling (27). Inversely, silencing 
Livin gene leads to apoptosis induction, cell cycle arrest and 
proliferation inhibition in malignant tumor cells  (28-30). 
However, few reports have shown the function of Livin in GC. 

To confirm the effect of Livin knockdown on GC cells, the 
present study showed that knockdown of Livin inhibited cell 
proliferation and the invasive potential, and induced cell apop-
tosis in GC cells in vitro and in vivo, suggesting that Livin 
might serve as a novel therapeutic target for the treatment of 
GC.

Accumulating data indicate that VEGF participates in 
the pathogenesis of many neoplastic diseases, and correlates 
with aggressiveness and prognosis as a tumor biomarker for 
tumor invasion (31). However, there is little evidence demon-
strating the direct regulation of Livin on VEGF expression 
in GC cells. Knockdown of Livin inhibits cell invasion via 
decrease of MMP-2/-9 expression in osteosarcoma cells (32). 
Regarding the effect of Livin on CAS-3 expression, antisense 
oligonucleotide targeting Livin induces apoptosis of human 
bladder cancer cell with increased expression of CAS-3 (33). 
In the present study, our findings showed that knockdown of 
Livin downregulated the expression of VEGF and MMP-2, but 
upregulated the expression of CAS-3 in GC cells. Moreover, 
our finding indicated that knockdown of Livin decreased the 
activity of MAPK signaling in GC cells, while MAPK upregu-
lates MMP-2 and VEGF expression and downregulates CAS-3 
expression in cancer cells (34-36), suggesting that Livin may 
be implicated in the development and progression of GC cells 
possibly via regulation of MAPK signaling-mediated VEGF, 
MMP-2 and CAS-3 expression.

Overall, our findings indicate that the expression of Livin 
is increased in human GC and correlates with tumor differen-
tiation and lymph node metastases, while knockdown of Livin 
inhibits cell growth and invasion through blockade of the MAPK 
pathway in GC cells in vitro and in vivo, suggesting that Livin 
may be a potential therapeutic target for the treatment of GC.
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