
Research Article

Otorhinolaryngology-Head and Neck Surgery 

Otorhinolaryngol Head Neck Surg, 2018         doi: 10.15761/OHNS.1000176

ISSN: 2398-4937

 Volume 3(3): 1-5

Inhibition of livin gene combined with cisplatin affect the 
apoptosis of laryngeal carcinoma Hep-2 cells by RNA 
interference technique
Wang SL1*, Deng WT1, Wen GF1 and Zeng YJ2

1Department of Otorhinolaryngology Head and Neck Surgery, Shantou City Central Hospital, China
2Beijing University of Technology, Biomedical Engineering Center, China

Abstract
Objective: To explore cisplatin-induced apoptosis and proliferation inhibition effect of Hep-2 cells following the interference of livin expression in laryngeal 
carcinoma, and to explore the mechanism of livin in the drug resistance of laryngeal carcinoma cell line Hep-2. 

Methods: Different concentrations of cisplatin were acted on laryngeal carcinoma Hep-2 cells. The MTT assay was used to detect changes of laryngeal carcinoma 
cells on the proliferation inhibitory sensitivity of cisplatin following the exhibition of livin expression. The apoptosis rate was detected after laryngeal carcinoma cell 
line was treated by cisplatin for 48h, and the change of apoptotic factor capase-3 activity was detected. 

Results: 1.MTT assay results showed that by interfering livin gene expression, at the same cisplatin concentrations, the proliferation inhibition rate of cells in the 
group Hep2-pLivin was significantly higher than that of the Hep2-pHK (P<0.05) 2. After inhibiting the expression of livin gene in laryngeal carcinoma cells, the 
activity of caspase-3 in cells might be enhanced, and the activation effect was further enhanced after the addition of cisplatin. 

Conclusion: Targeting inhibition of the expression of livin gene can enhance the apoptosis of laryngeal carcinoma cells and improve the sensitivity to cisplatin.
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Introduction
Cisplatin(DDP)-based combined chemotherapy regimen is an 

important method for the treatment of laryngeal carcinoma. New 
treatment regimens, taking the preservation of laryngeal function as 
object, plus chemotherapy (predominant by cisplatin and 5-fluorouracil) 
on the basis of the application of radical radiotherapy, can significantly 
improve the survival rate of 5% to 10% than radiotherapy alone [1].

Overexpression of inhibitor of apoptosis protein is one of the 
important reasons for the failure of chemotherapy in tumor cells, and 
the apoptosis of the cells can be induced by decreasing the activity 
of the inhibitor of apoptosis protein [2]. Livin, as a newly discovered 
inhibitor of apoptosis protein, is selectively highly expressed in most 
common human cancer, which closely related to the occurrence 
and development of tumor and drug resistance [3]. The fact that 
laryngeal carcinoma cells is not sensitive to cisplatin treatment and 
high expression of livin has been found in the cell suggested that livin 
induced apoptosis inhibition may be strongly correlated with the drug 
resistance of laryngeal carcinoma. Besides, there was previous research 
livin gene silencing can inhibit the invasion of laryngeal cancer cell [4].

To explore the possibility and preliminary mechanism of the 
silencing of livin gene combined with cisplatin in increasing the 
curative effect of laryngeal carcinoma, in the preparatory experiment, 
Hep-2 cells has been successfully screened via silencing the expression 
of livin gene using valid sequences of shRNA in vitro (5), and taking 
it as the research object, in the present study, 5 μg/ml dose of cisplatin 
targeting Hep-2 cells in shRNA silencing of livin gene were observed to 

explore cisplatin-induced apoptosis and proliferation inhibition effect 
of Hep-2 cells following the interference of livin expression in laryngeal 
carcinoma (Figure 1).

Materials and methods
Materials 

Escherichia coli DH5α and plasmid pGenesil-1 were purchased 
from Wuhan Genesil Biotechnology Co. Ltd.; oligonucleotides, 
primers, liposome Lipofectamine 2000 and Opti-MEM1 serum-
free medium were purchased from Invitrogen company (America); 
restriction endonuclease, including SalI and BamHI, as well as HindIII 
T4 ligase, and small Plasmid Extraction Kit, real-time quantitative PCR 
kit were purchased from Dalian Takara company; mouse anti-human 
livin monoclonal antibody, Rabbit anti-human β-actin monoclonal 
antibody and Rabbit anti-rat livin labeled secondary antibody, as well 
as the Western blot were purchased from Wuhan boster company; 
cisplatin was purchased from Shandong Qilu pharmaceutical; MTT 
was purchased from Sigma Co. Ltd. (America); Apoptosis kit and 
Caspase-3 spectrophotometry assay kit were purchased from Nanjing 
KeyGen BioTech Co. Ltd..
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Methods

shRNA sequence design and construction of recombinant

According to the cDNA sequence of Livin gene reported in 
Genebank (No.NM022161, No.NM139317), and in accordance with the 
design principles of shRNA, the design of livin interference sequence 
in the application of RNA interference software was inserted into the 
pGenesi1 plasmid. The positive plasmid was named pGenesil-Livin, 
and the unrelated negative plasmid was named pGenesil-HK.

Hep-2 cell culture and stable transfection of interfering 
plasmid in laryngeal carcinoma

Hep-2 cells were cultured with DMEM medium containing 10% 
fetal bovine serum at 37℃ and 5% CO2. The transfection process was 
carried out according to the specification of Lipofectamine 2000. With 
a concentration of 500 μg/ml G418 for resistance screening to obtain a 
stable expression of cell lines, the positive plasmid was named as Hep2-
pLivin, and the negative control plasmid of the monoclonal cells was 
named as Hep2-pHK.

The effect of cisplatin following siRNA interfered livin gene 
on the proliferation inhibitory sensitivity of laryngeal cancer 
cells after interference gene detected by the MTT colorimetric 
method

Hep2-pLivin and Hep2-pHK cells were cultured on 96-well plates 
with approximately 4500 cells per hole. The culture medium was replaced 
24 hours later, cisplatin was further added to the final concentration of 
1 μg/ml, 2.5 μg/ml, 5 μg/ml, and 10 μg/ml, respectively. To 48h, 20μl 
MTT (5mg/ml) were added to each hole, and then incubated at 37℃ 
for 4h without lighting. Subsequently, medium and MTT were carefully 
absorbed, and 100ul DMSO were added per hole, shook at the shelter for 
10 min without the light. Negative control did not add cisplatin; equal 
amounts of medium were added in the blank control group without 
cells. The absorbance value (OD) of each hole was measured by the 
570nm wavelength of the enzyme marker. The calculation was repeated 
for 3 times, 5 replicates were made for each time. Cell inhibition rate 
= 1 - (OD value of the drug treatment group - OD value of the blank 
control group)/(OD value of the cell control group - OD value of the 
blank control group]×100%.

The effect of cisplatin following siRNA interfered livin gene 
on the apoptosis sensitivity of laryngeal cancer cells after 
interference gene detected by flow cytometry

Hep2-pHK and Hep2-pLivin cells were cultured with DMEM 
medium containing 5 μg/ml cisplatin, and 48 hours later, the culture 
medium was discarded, digestion was further conducted with trypsin 

not containing ETDA, followed by suspension cell centrifugation at 
2000rpm for 5min. And then, washing cells with PBS for two times 
(2000 rpm, 5 min) to collect cells at a density of 1-5 ×105. A 500 μL 
buffer binding suspension was added to suspend cells. Subsequently, 
5 μL Annexin V-APC was added and well mixed, following an adding 
of 5 μL PI dyeing solution and mixed, reacted at room temperature for 
5~15min avoiding lighting. Flow cytometry was further performed 
within 1 h (Figure 2).

Detection of siRNA interference livin gene after cisplatin 
induced changes in the activity of Caspase-3 in laryngeal 
cancer cells

(1) Hep2-pLivin and pHK Hep2- cells were cultured by DMEM 
culture medium containing 5 μg/ml for 48h, and then the culture 
medium was discarded, the cells were collected, and the total protein 
was extracted. Determination of protein concentration was conducted 
by BCA. A 50 μL cell lysis supernatant containing 100 μg protein 
was absorbed, and a 50 μL reaction buffer was added. And then, 
5 μL caspase-3 substrates was added and incubated at 37℃ for 4h to 
avoid light, enzyme labeled instrument at 405 nm was selected for the 
determination of the light absorption value, caspase-3 activation in 
apoptosis induced group was determined by calculating the ratio of OD 
value of the inducer/the OD value of the negative control group, HK 
shRNA without cisplatin was considered as the negative control group.

Statistical analysis

Average values were taken from the result of multiple tests. Statistical 
analysis was performed with SPSS 16 software. Single factor analysis of 
variance was used to compare the differences of average data among 
multiple groups. P<0.05 is considered to have statistical significance.

Results
Effect of siRNA interfered livin gene on the proliferation 
inhibitory sensitivity of laryngeal cancer cells induced by 
cisplatin

MTT colorimetric detection obtained cell proliferation curves as 
below. At the same cisplatin concentrations, the proliferation inhibition 
rate of cells in the group Hep2-pLivin was significantly higher than 
that of the Hep2-pHK (P<0.05) and inhibit effect gradually increased 
following increased concentration of cisplatin. This result indicated that 
by interfering with the expression of livin gene, the antitumor activity 
of cisplatin might be enhanced and showed a concentration dependent, 
under the action of 10 μg/ml cisplatin for 48h, the proliferation 
inhibitory rate of cells in the Hep2-pLivin group and the Hep2-pHK 
was 87.26% and 71.38%, respectively.

Effect of siRNA interfered livin gene on apoptosis sensitivity 
of laryngeal cancer cells induced by cisplatin

Flow cytometry detection results showed that plus the treatment 
regimen of 5 μg/ml cisplatin to HEp-2 cells for 48 h, cell apoptosis rate 
in the livin shRNA transfection + cisplatin group (24.93 ± 0.27), livin 
shRNA transfection group (12.27 ± 0.47), HK shRNA transfection + 
cisplatin group (12.00 ± 0.61) were significantly higher than that of 
HK shRNA transfection group (4.22 ± 0.23) (P<0.05). Besides, rate 
of apoptosis in the livin shRNA transfection + cisplatin group was 
significantly higher than that of livin shRNA transfection group and 
HK shRNA transfection + cisplatin group; whereas the apoptosis rate 
in the HK shRNA transfection+ cisplatin group and livin shRNA 
transfection group showed no significant difference (P=0.288>0.05). In 

Figure 1. Silencing the livin gene inhibits the sensitivity of Hep-2 cells to cisplatin
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addition, cells apoptosis rate in the livin shRNA transfection group was 
significantly higher than that of negative HK shRNA transfection group 
(P<0.05).

SiRNA interference of livin gene after cisplatin induced 
changes in the activity of Caspase-3 in laryngeal cancer cells

Spectrophotometric detection results showed as below: compared 
with negative control shRNA HK transfection group, caspase-3 
activities were significantly increased in the livin shRNA transfection+ 
cisplatin group (2.88 ± 0.07), livin shRNA transfection group (1.91 
± 0.05), and HK shRNA transfection + cisplatin group (1.90 ± 0.03) 
(P<0.05), among which caspase-3 activities were obviously higher 
in the livin shRNA transfection+ cisplatin group than that of livin 
shRNA transfection group, and HK shRNA transfection + cisplatin 
group (P<0.05), while there was no apparent statistical significance 
regarding caspase-3 activity between livin shRNA transfection group 
and HK shRNA transfection+ cisplatin group (P=0.677>0.05). Above 
results suggested that following the in vitro inhibition of the livin gene, 
the activity of caspase-3 in laryngeal cancer cells increased after the 
addition of cisplatin, and the degree of activation was further improved.

Discussion
Chemotherapy is one of the important ways to treat cancer. 

Activation of caspase family protease is the key mechanism to promote 
apoptosis of tumor cells induced by chemotherapeutic drugs. Therefore, 
the main reason of drug resistance is the deficiency or inhibition of 
caspase activity in tumor cells [6].

Caspases protein is an important family protein that mediates cells 
apoptosis. Most of the apoptotic stimulus are caused by the cascade 
reaction of caspase protein, which cause cells apoptosis [7,8].

Laryngeal carcinoma is a common malignant tumor of the head 
and neck, induction chemotherapy, cycle chemotherapy and palliative 

chemotherapy treatment can obtain certain curative effect on the basis 
of cisplatin scheme in laryngeal cancer, how to improve the cisplatin 
sensitivity of tumor cells is one of the research hotspots [9]. Studies 
have shown that cisplatin can induce the apoptosis of renal cells by 
the increased intracellular P53 mediated caspase-3 activity [10]. 
P-glycoprotein can reduce the sensitivity of L1210 cells to cisplatin 
by inhibiting the activity of caspase-3 [11], which indicates that cell 
apoptosis induced by cisplatin has a close relationship with caspase-3.

Livin is a new member of the inhibitor of apoptosis protein (IAP), 
which is low or no expressed in most normal adult tissues but is highly 
expressed in many malignant tumors. Livin contains IAP protein specific 
BIR and RING domain, BIR mediated livin binds with Caspase-3 and 
leads to inactivation and degradation of Caspases-3 protein. Some 
studies suggested that livin has the function that ubiquitin ligase (U 
biquitin ligase, E3) possessed [12], leading to ubiquitination of the target 
protein, caspases, and then degraded by hydrolyzed protein complexes, 
resulting in the inhibition of cells apoptosis. Livin can also inhibit the 
function of IAPs by combining and neutralizing with SMAC, to inhibit 
caspase-3, thereby playing a role in inhibiting apoptosis [13]. SiRNA 
interference of livin gene expression can lead to increased activity of 
caspase-3, caspase-3 is the main protein to induce cells apoptosis [14], 
suggesting that livin is an inhibitor of caspase-3.

Studies have shown that the high expression of livin plays a key 
role in the tolerance of tumor cells to chemotherapy and radiotherapy 
induced apoptosis. Zhang et al. [15], found that in the use of anticancer 
drugs in the treatment of leukemia, livin protein expression affected 
cancer cell resistance to chemotherapeutic drugs, the higher livin 
protein expression, the higher drug resistance of cancer cells. Liu et al. 
[3], also showed that inhibiting the expression of livin can improve the 
sensitivity of HepG2 cells to chemotherapeutic drugs.

RNA interference is a kind of independent RNA producing process 
of silence. A number of studies have shown that livin gene expression 
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Figure 2.  Annexin V-APC/PI double staining method detected the effect of livin gene silencing on the apoptotic sensitivity of HEp-2 cells induced by cisplatin. A: livin shRNA transfection 
+ cisplatin group; B: HK shRNA + cisplatin group; C: livin shRNA transfection group; D: HK shRNA transfection group
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can increase the sensitivity of tumor cells to chemotherapeutic drugs by 
RNAi technology. Yu et al. [16], observed that pshRNA-Livin inhibited 
the expression of livin gene in cervical cancer by shRAN technology, 
promoting apoptosis of tumor cells, inhibiting the growth of tumor, and 
hence enhancing the role of apoptosis induced by cisplatin; apoptosis 
related gene bcl-2 expression level was shown to be decreased in the 
apoptotic process, whereas expression levels of survivin, Bax, caspase-3 
were increased. We designed to provide experimental evidence for the 
clinical application of RNAi and livin as the target for chemotherapy 
sensitivity therapy for tumors. siRNA mediated expression of livin can 
significantly inhibit the proliferation ability of bladder cancer T24 cells, 
reduced the expression of livin can increase the rate of T24 cell to the 
apoptosis rates of mitomycin C and TNF-a, and correlated with the 
increased activities of caspase-3 and caspase-9 [17]. And the correlation 
between the effect of chemotherapy and livin expression is not yet 
reported in laryngeal cancer.

In this experiment, we chose cisplatin as apoptosis stimulating 
factor to observe the effect of livin gene silencing on chemotherapeutic 
sensitivity of laryngeal carcinoma cell line. Plasmids were transfected 
into positive plasmid of livin shRNA and negative plasmid of HK shRNA 
cells for 48 h under the action of the same concentration of cisplatin 
and found that the inhibition rate of livin shRNA transfected cells 
was significantly higher than that of HK shRNA transfected cells, and 
inhibition rate increased following the elevated cisplatin concentration. 
By interfering with the expression of livin gene, the inhibition effect 
of cisplatin on laryngeal carcinoma cells was enhanced, and the anti-
tumor activity was greatly increased (Figure 3).

The apoptosis rate of cells apoptosis was detected by flow cytometry 
in Hep-2 cells adding 5 μg/ml of cisplatin for 48h. The analysis 
results showed that the SiRNA silencing livin gene expression could 
significantly increase the sensitivity of HEp-2 cells to cisplatin induced 
apoptosis.

Relationship between tumor cells apoptosis inhibition and 
resistance to chemotherapy has been hotspot in gene research [18,19]. 
In this study, to further explore the molecular mechanism of livin 
gene silencing increased HEp-2 cells to cisplatin induced apoptosis 
sensitivity, spectrophotometric detection was applied and showed 
that following the inhibition of livin gene in cells, enhanced activity of 
caspase-3 was found in human laryngeal carcinoma cells, and the level 
of activation was further strengthened after the addition of cisplatin. 
Present analysis showed that after siRNA silencing of livin gene, down-
regulation of the expression of livin was detected, lifting the inhibition 
of caspase-3, thereby caspase-3 was activated which in turn sequentially 
activated the other members of the caspase family, formed the caspase 

cascade, eventually lifting the apoptosis inhibition of Hep-2 cell to 
increase the sensitivity of HEp-2 cells to cisplatin induced apoptosis. 
This study further confirmed that apoptosis inhibition is an important 
cause of tumor resistance to chemotherapy.

Conclusion
Targeting inhibition of the expression of livin gene by RNAi 

technology can inhibit the proliferation of laryngeal squamous cell 
carcinoma and improve the sensitivity of cisplatin induced apoptosis 
in HEp-2 cell. This may provide new ideas for the clinical treatment 
of laryngeal carcinoma, and livin may is a new target for gene 
therapy of laryngeal carcinoma, downregulation of livin expression 
can improve the sensitivity of chemotherapy and contribute greatly 
to the preservation of laryngeal function in laryngeal carcinoma 
patients.
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