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ABSTRACT
OBJECTIVE: The aim of this study was to construct a eukaryotic expression plasmid with a short hairpin RNA 
(shRNA) targeting Livin in order to obtain a stably transfected Hep-2 cell line with a reduced expression of Livin. 
METHODS: The shRNA targeting Livin mRNA was designed, and a shRNA plasmid and a negative control 
plasmid were constructed. After amplifi cation in E. coli, restriction endonuclease digestion and sequence con-
fi rmation, the plasmids were transfected into Hep-2 cells using Lipofectamine 2000. The stably transfected cell 
line was screened using G418, and inhibition of Livin mRNA and protein levels were detected using real-time 
PCR and western blotting, respectively. 
RESULTS: pGenesil-Livin-shRNA eukaryotic expression plasmid was successfully constructed and identifi ed by 
sequencing. Green fl uorescent protein (GFP) expression was observed in Hep-2 cells transfected with shRNA 
plasmids by fl uorescence microscopy. The expression levels of Livin mRNA and protein decreased signifi cantly 
in Hep-2 cells transfected with the shRNA recombinant plasmid. The mRNA level was reduced by 47.17 %, and 
the protein level was reduced by 34.25 %. 
CONCLUSION: The shRNA eukaryotic expression plasmid targeting Livin was successfully constructed, which could 
signifi cantly inhibit the expression of Livin in laryngeal cancer Hep-2 cells. This provides a basis for future research on 
the function of Livin in Hep-2 cells, and gene therapy for laryngeal cancer (Fig. 5, Ref. 10). Text in PDF www.elis.sk.
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Introduction

Livin is a member of the anti-apoptotic gene family, and plays 
an important role in the inhibition of apoptosis. Livin has been 
shown to be highly expressed in several malignant tumors, such as 
malignant melanoma, colorectal cancer, leukemia, bladder cancer, 
lung cancer, and nasopharyngeal cancer (1–6). Specifi c expres-
sion of Livin in tumor tissue suggests that livin may serve as a 
valuable tumor marker. In recent years, many studies shown that 
livin and malignant tumor development, invasion and metastasis, 
chemotherapy resistance have a close relationship.

Laryngeal carcinoma is the most common malignant tumor in 
Otolaryngology, advanced laryngeal cancer need comprehensive 
treatment, chemotherapy is one of the important ways of compre-
hensive treatment program. Patients with laryngeal cancer are unre-
sponsive to chemotherapy, probably due to Livin gene. Therefore, 
if the drug-resistance caused by Livin could be reversed, it will 
provide a new avenue for clinical treatment of cancer. According 
to literature review, there was almost no report about expression 
of Livin in laryngeal carcinoma, 

In this study, we constructed a shRNA eukaryotic expression 
vector targeting Livin, transfected it into Hep-2 cells, investigated 
its inhibitory effect on the expression of Livin mRNA and protein, 
and screened for an effective targeting site, which could provide a 
basis for future research on the function of Livin in Hep-2 cells.

Materials and methods

Reagents
E. coli strain DH5α and plasmid pGenesil-1 were purchased 

from Wuhan Genesil Biotechnology Co., Ltd., China. Oligonucle-
otides, primers, Lipofectamine 2000 and Opti-MEM I serum-free 
medium were purchased from Life Technologies, USA. Restriction 
endonucleases Sal I, BamH I and Hind III, T4 ligase, plasmid ex-
traction kit and quantitative real-time PCR reagents were purchased 
from Takara Biotechnology (Dalian) Co. Ltd., China. Mouse an-
ti-human Livin monoclonal antibody, rabbit anti-human β-actin 
monoclonal antibody, rabbit anti-mouse Livin labeled secondary 
antibody and western blotting reagents were purchased from Wu-
han Boster Biological Technology Ltd., China. Hep-2 cells were 
provided by the Department of Virology, Union Hospital, Tongji 
Medical College, Huazhong University of Science and Technology. 

Designing of shRNA sequences and construction of recombinants 
The shRNA targeting Livin was designed by RNA interfer-

ence software based on the Livin cDNA sequence in GenBank and 
shRNA design principles.
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The negative control sequence (HK) was designed by disrupt-
ing a portion of the base pairs. Restriction endonuclease sites Hind 
III and BamH I were incorporated at the 5’ and 3’ terminals, respec-
tively, to connect the oligonucleotide with pGenesil-1 vector, and 
the sequence TTCAAGACG was inserted in the middle to form a 
hairpin. The DNA template sequence is as follows:

Primer structure: BamH I +Sense+LoopLoop+Antisense+Stop sig-
nal+ SalI + Hind III

Livin positive sense strand:
5’-GGATCCGTCTGGCCTCCTTCTATGATTCAAGACGT-
CATAGAAGGAGGCCAGACTTTTTTGTCGACAAGCTT-3’, 
antisense strand: 
3’-CCTAGGCAGACCGGAGGAAGATACTAAGTTCTGCAG-
TATCTTCCTCCGGTCTGAAAAAACAGCTGTTCGAA-5’, 
HK positive sense strand: 
5’-GGATCCACTACCGTTGTTATAGGTGTTCAAGACG-
CACCTATAACAACGGTAGT TTTTTTGTCGACAAGCTT-3’, 
antisense strand: 
3’-CCTAGGTGATGGCAACAATATCCACAAGTTCTGCGTG-
GATATTGTTGCCATCAAAAAAACAGCTGTTCGAA-5’.

The linearized pGenesil-1 vector was digested by two restric-
tion endonucleases; the target gene was ligated by T4 ligase and 
transformed into DH5α competent cells. Kanamycin-resistant 
colonies were selected and amplifi ed. Plasmid DNA was extract-
ed with the plasmid extraction kit according to instructions. The 
recombinant plasmids were identifi ed using restriction enzyme 
Sal I and detected by electrophoresis with 1.5 % agarose gel. 
The selected plasmids were amplifi ed and sequenced at Shanghai 
BioAsia Biotechnology Co., Ltd., China. The positive plasmid 
was named pGenesil-Livin, and the negative plasmid was named 
pGenesil-HK.

Hep-2 cell culture and stable transfection of shRNA plasmids 
Hep-2 cells were cultured in Minimum Essential Eagle’s Me-

dium, supplemented with 10% fetal bovine serum (FBS) at 37 °C 
in a 5% carbon dioxide (CO2) atmosphere. Transfections were per-
formed according to instructions for use of Lipofectamine 2000. 
Stable expression cell lines were obtained by resistance screening 
with G418 at a concentration of 500 μg/mL. The monoclonal cells 
transfected with positive plasmid were named Hep2-pLivin, and 
the monoclonal cells transfected with negative control plasmid 
were named Hep2-pHK.

Detection of mRNA expression in Hep2-pLivin and Hep2-pHK 
cells by real-time PCR

The two groups of cells were digested and collected. Cells were 
lysed, total RNA was extracted using Trizol reagent, and cDNA 
was synthesized by reverse transcription. Real-time quantitative 
PCR primers for Livin and β-actin were designed using Primer 5.0 
software. Livin primers: upstream: 5’-GGCATCTTCAGACTG-
GACCT-3’, downstream: 5’-TCCACAGTGTGCAGGAGACT-3’; 
β-actin primers: upstream: 5’-GCAAGAGAGGCATCCTCAC-3’, 
downstream: 5’-CCACACGCAGCTCATTGTAG-3’. Each reac-
tion (20 μL) included 10 μL reaction mix, 0.4 μL upstream primer, 
0.4 μL downstream primer, 0.4 μL Rox, 1.0 μL cDNA, and 7.8 μL 

ddH2O. Reactions were carried out at 95 °C for 5 min followed 
by 40 cycles of 95 °C for 30 s, and 60 °C for 30 s. The value of 
∆CT was plotted as log of the cDNA gradient concentration, 
and relative quantifi cation was performed by 2-∆∆CT method. Re-
sults were analyzed using the following formula: mRNA=2-∆∆CT, 
∆∆CT=CTLivin-CT/β-actin, with β-actin as a reference. The experi-
ment was repeated three times and averaged.

Detection of Livin protein expression by western blotting 
The two groups of cells were digested and collected. The total 

protein was isolated. Proteins were separated by electrophoresis 
with sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) 
and then electrically transferred onto polyvinylidene difl uoride 
(PVDF) membranes. The membranes were incubated with mouse 
anti-human Livin monoclonal antibody overnight at 4 °C followed 
by incubation with enzyme-conjugated rabbit anti-mouse second-
ary antibodies for 1 h at room temperature. Protein levels were 
normalized to β-actin as a reference. The experiment was repeated 
three times to observe the changes in expression of the protein.

Statistical analysis 
The data were expressed as the mean ± standard deviation. 

Results were analyzed with SPSS 16.0 software. Paired t-test was 
used for statistical analysis between the two groups. p < 0.05 was 
considered to be statistically signifi cant.

Results

Sequencing of Livin shRNA eukaryotic expression vector
Empty vector was digested with the restriction enzymes and 

electrophoresed to confi rm that the circular plasmid was cut into 
a large fragment of 4.3 kb (Fig. 1). Sequencing results confi rmed 
that the shRNA recombinant plasmid was consistent with the target 
sequence, indicating that the oligonucleotides had annealed with 
pGenesil-1 vector and the shRNA recombinant plasmid targeting 
Livin was successfully constructed (Fig. 2).

Fig. 1. Electrophoresis map of vectors after restriction enzyme diges-
tion. Lane 1, pGenesil-1 plasmid; lane 2, linearized pGenesil-1 plasmid 
(digested with BamH I and Hind III); lane 3, marker.
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Visualization of transfected cells by fl uorescence microscopy
Green fl uorescence was detected in the cells, which were success-

fully transfected with pGenesil-Livin-shRNA or negative control 

pGenesil-HK-shRNA due to the presence of enhanced green fl uores-
cent protein (EGFP) reporter gene in pGenesil-1 vector, indicating 
the expression of exogenous genes in transfected cells (Figs 3 and 4).

Effect of Livin-shRNA recombinant plasmid on Livin mRNA ex-
pression 

Quantitative real-time PCR showed that the relative expression 
of Livin mRNA in positive plasmid transfected cells was 0.53 ± 
0.02, and the Livin mRNA expression in negative plasmid trans-
fected cells was 100 %. Additionally, Livin mRNA expression in la-
ryngeal cancer cells transfected with Livin shRNA was signifi cant-
ly reduced (t = –65.24, p < 0.05). The inhibition rate was 47.17 %.

Effect of Livin-shRNA recombinant plasmid on Livin protein ex-
pression

Western blotting results showed that relative expression levels 
of Livin protein in Hep-2 cells after stable transfection of positive 

Fig. 2. Sequencing results of pGenesil-1-Livin eukaryotic expression plasmid.

Fig. 3. Hep-2 cell colonies stably transfected with pGenesil-1-Livin-
shRNA. A: shows that all cells emit bright green fl uorescence by fl uo-
rescent excitation, B: shows the cell morphology in the same fi eld under 
a bright light. Cell colonies grew by central outward expansion (200x).

A B

A B

Fig. 4. Hep-2 cell colonies stably transfected with pGenesil-HK-shRNA. 
A: shows that all cells emit bright green fl uorescence by fl uorescent 
excitation, B: shows the cell morphology in the same fi eld under a 
bright light. Cell colonies grew by central outward expansion (200x).

Fig. 5. Relative expression levels of Livin protein in Hep-2 cells stably 
transfected with Livin shRNA or HK shRNA.
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plasmid was 0.48 ± 0.03, which was signifi cantly lower as com-
pared to cells transfected with the negative plasmid (0.73 ± 0.03, 
t = –17.57, P < 0.05). This was consistent with the real-time PCR 
results, indicating that the expression of Livin in Hep-2 cells after 
shRNA transfection was signifi cantly reduced, and the inhibition 
rate was 34.25 % (Fig. 5).

Discussion

RNA interference technology involves construction of short 
double-stranded RNAs, which bind to target transcripts and trig-
ger their destruction to specifi cally inhibit the expression of target 
proteins (7). The benefi ts of this technology include high specifi c-
ity, target selectivity, low side-effects and high effi ciency, which 
are suitable for the treatment of abnormal expression of genes in 
various diseases (8). Importantly, this technology can be used to 
prevent changes in tumor-control genes at the nucleic acid level. 

Livin is specifi cally over-expressed in tumor cells, but not in 
normal tissues in adults, suggesting that it could be a novel target 
that induces tumor cell apoptosis. RNA interference technology 
has been extensively used to silence gene expression in vitro and 
in vivo. Using RNAi strategy, Crnkovic et al (9) silenced endog-
enous Livin expression in HeLa cells and found that the apoptosis 
rate had increased signifi cantly after treatment with doxorubicin, 
UV irradiation, and tumor necrosis factor α, indicating that Livin 
could become a molecular target for gene therapy of cancer. Livin 
expression was dramatically decreased in HCT116 colon cancer 
cells after siRNA transfection, and xenografted tumor size in nude 
mice had signifi cantly decreased after Livin siRNA injection at a 
concentration of 20 μmol/L (10). These studies suggested that in-
hibiting Livin expression could serve as a potential tumor-specifi c 
therapeutic strategy.

In this study, we designed the shRNA targeting the coding 
sequence of Livin-α, a splice variant of Livin, and inserted the 
single-stranded Livin fragments after annealing into a vector car-
rying EGFP and U6 promoter. The Livin shRNA expression vector 
was successfully constructed and transfected into laryngeal carci-
noma Hep-2 cells. After screening, the stably transfected Hep-2 
cells could transcribe a large number of shRNAs that inhibited 
Livin expression. Quantitative real-time PCR showed that the 
relative expression of Livin mRNA in cells transfected with the 
positive plasmid was 0.53 ± 0.02, which was signifi cantly lower 
as compared to the cells transfected with the negative control plas-

mid (100 %), and the inhibition rate was 47.17 %. Western blot-
ting results showed that the relative expression of Livin protein in 
cells transfected with the positive plasmid was 0.48 ± 0.03, which 
was signifi cantly lower as compared to the cells transfected with 
the negative control plasmid (0.73 ± 0.03), and the inhibition rate 
was 34.25 %, which was consistent with the results of quantitative 
real-time PCR. Our fi ndings confi rmed that the pGenesil-Livin-
shRNA recombinant plasmid could reduce the expression of Livin 
at the mRNA as well as protein levels. Therefore, our study has 
laid a strong foundation for future biological research of laryngeal 
carcinoma cells using Livin gene as a target, and provided an ex-
perimental system for gene therapy of cancer.
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