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Abstract. Omi/HtrA2 promotes cell apoptosis in human 
cancer cells. Early studies showed that primary hepatocellular 
carcinoma requires Omi/HtrA2 expression for cell apoptosis. 
Additionally, the Omi/HtrA2 pro-apoptotic marker demon-
strated a difference in some cell types. However, how the 
Omi/HtrA2 pro-apoptotic marker reacts during the process of 
hepatocellular carcinoma cell apoptosis remains to be deter-
mined. Thus, we investigated the role and possible mechanism 
of Omi/HtrA2 on hepatocellular carcinoma cell apoptosis 
using various hepatocellular carcinoma cell lines. The results 
were analyzed using RT‑qPCR and western blot analysis. 
In the present study, we found that Omi/HtrA2 was overex-
pressed in hepatocellular carcinoma cell lines and induced 
hepatocellular carcinoma cell apoptosis. Additiionally, 
the only manner in which Omi/HtrA2 participated in cell 
death in PLC cells may be dependent on IAP-binding. Omi/
HtrA2‑inducing HepG2 cell apoptosis may mainly depend 
on its serine protease activity while both IAP-binding and its 
serine protease activity participated in Hep3B cell apoptosis. 
This result suggested that Omi/HtrA2 pro-apoptotic marker 
differs in various hepatocellular carcinoma cell lines. PLC 
cells were also devoid of the expression of ped/pea-15 as the 
substrate of Omi/HtrA2 serine protease while ped/pea-15 
was overexpressed in HepG2 and Hep3B cells and ped/pea-15 
expression was higher in HepG2 cells than that in Hep3B 
cells. These results showed that Omi/HtrA2 overexpression 
promotes hepatocellular carcinoma cell apoptosis and the 
ped/pea-15 expression level causes this difference of the Omi/
HtrA2 pro-apoptotic marker in the various hepatocellular 
carcinoma cell lines.

Introduction

A correlation between regulation of apoptosis and a number 
of human pathologies, such as cancer, autoimmune diseases 
and neurodegenerative disorders has been identified  (1,2). 
Alterations of apoptosis are important in the development of 
hepatocellular carcinoma cells and many pro- or anti‑apop-
totic factors are involved in this process.

Omi/HtrA2 is a mitochondrial serine protease that is 
released into the cytoplasm by apoptotic stimuli and induces 
cell death through its own serine protease activity in addition 
to attenuating the activity of inhibitor of apoptosis proteins 
(IAPs). In the cytoplasm, the released mature Omi/HtrA2 
binds to and blocks the activity of IAPs, leading to the activa-
tion of caspases and execution of cell death. In addition to this 
caspase-dependent pathway, the cytosolic mature Omi/HtrA2 
can induce cell death in a caspase-independent manner that is 
exclusively dependent on its ability to function as a protease 
even when caspases are inactivated (3-11).

Previous studies have described Omi/HtrA2 mRNA expres-
sion in cancer cells (12-18). Results of previous studies showed 
that primary hepatocellular carcinoma requires Omi/HtrA2 
expression for cell apoptosis (19). It has been reported that 
the Omi/HtrA2 pro-apoptotic marker differs in some cell 
types (20,21). However, the manner in which the Omi/HtrA2 
pro-apoptotic marker reacts during the process of hepatocel-
lular carcinoma cell apoptosis remains to be determined. Thus, 
the aim of this study was to investigate the expression status 
of Omi/HtrA2 in hepatocellular carcinoma cells to predict cell 
apoptosis alteration and explore the possible mechanism of its 
effect on hepatocellular carcinoma cell apoptosis. The experi-
mental outcome may provide a theoretical and experimental 
basis for molecular therapy targeting Omi/HtrA2.

Materials and methods

Cell culture. Normal L02 hepatocellular and HepG2, Hep3B 
and PLC hepatocellular carcinoma cells (prepared from the 
Experimental Center of Hepatobiliary Surgery, Qilu Hospital, 
Shandong University, Jinan, China) were maintained as mono-
layers in standard medium comprising Dulbecco's modified 
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Eagle's medium (DMEM: 4.5 g/l of glucose) containing 10% 
heat-inactivated fetal calf serum and supplemented with 
20 mM HEPES, 100 µg/ml penicillin and 100 µg/ml strepto-
mycin (Merck, Darmstadt, Germany). The cells were incubated 
at 37˚C, 5% CO2 and saturated humidity.

Omi/HtrA2 expression vector pEGFP-Omi and Omi/HtrA2 
small‑interference RNA expression vector psiRNA-Omi 
construction. After RNA extraction from hypoxic HepG2 cells, 
cDNA was synthesized with reverse transcriptase as described 
in the introduction of cDNA Synthesis kit (Gibco‑Life 
Technologies, Carlsbad, CA, USA). For amplification of human 
Omi/HtrA2, the primers used were: Omi/HtrA2 sense: 
5'-ATATTATAGATCTATGGCTGCGCCGAGGGC-3', anti-
sense: 5'‑AGTTAGTCGACTCTTCTGTGACCTCAGGG 
GTC-3'. The Omi/HtrA2 product was digested with SalI and 
BglⅡ (Fermentas, Shenzhen, China) and ligated into the SalI 
and BglⅡ linearized target vector pEGFP-N1 (Clontech, 
Shanghai, China) to obtain pEGFP-Omi containing the 
full‑length human Omi/HtrA2. Positive clones were confirmed 
by restriction analysis as well as sequencing of the insert. 
Expression of Omi/HtrA2 RNA and protein was detected to 
determine whether to successfully construct Omi/HtrA2 
expression vector pEGFP-Omi.

siRNAs were synthesized and purified by GenePharma, Inc. 
(Shanghai, China). One specific siRNA against the positions of 
Omi/HtrA2 open reading frame (795‑814) was designed. The 
sequence of Omi/HtrA2 siRNA was: sense: 5'-TCCCACTGCAG 
AACACGATCACATTCAAGAGATGTGATCGTGTTCTGC 
AGTTT-3' and antisense: 5'-CAAAAAACTGCAGAACACG 
ATCACATCTCTTGAATGTGATCGTGTTCTGCAGT-3'. A 
scrambled version of Omi/HtrA2 siRNA was synthesized and 
used as a control siRNA (sense: 5'-TCCCACTGCAGGACTT 
GCCATGCTTAGCTCGTACGTGAGCTAGGCATTT-3' and 
antisense: 5'-CAAAAAACTGGGAAATGTACACATCTCTC 
TTGGCTTAACGTTGTTCTGCAGT-3'). The Omi/HtrA2 
siRNA and control siRNA product were digested with BbsⅠ 
(Fermentas, Shenzhen, China) and ligated into BbsⅠ linearized 
target vector psiRNA-Hh1neo (Invitrogen Life Technologies, 
Carlsbad, CA, USA) to obtain Omi/HtrA2 small‑interference 
RNA expression vector psiRNA‑Omi and psiRNA. After expres-
sion vector psiRNA and psiRNA-Omi/HtrA2 were transfected 
into HepG2 cells by Lipofectamine 2000 (Invitrogen,  
Shanghai, China), the expression of Omi/HtrA2 mRNA and 
protein was analyzed by A quantitative RT-PCR (RT-qPCR) and 
western blotting to assess silencing efficiency of Omi/HtrA2 
small‑interference RNA expression vector psiRNA‑Omi/HtrA2.

Quantitative RT‑PCR analysis. Total RNA was isolated from 
normal L02 hepatocellular and HepG2, Hep3B and PLC hepa-
tocellular carcinoma cells using TRIzol reagent (Gibco‑Life 
Technologies). cDNA was synthesized with reverse transcrip-
tase as described in the introduction of the cDNA Synthesis kit 
(Fermentas).

RT-qPCR analysis was carried out using the SYBR-Green 
PCRMaster Mix (Applied Biosystems, Foster City, CA, USA) 
using the Applied Biosystems 7500 RT-PCR system according 
to the manufacturer's instructions. Omi/HtrA2 primers used 
were sense: 5'-GGGCAGTGCTGTTGTTGTT-3' and antisense: 
5'-GCAGGTGCTGTCTTCTCCA-3', GAPDH sense: 5'-GAC 

CCCTTCATTGACCTCAAC-3' and antisense: 5'-CTTCTC 
CATGGTGGTGAAGA-3'. PCR was carried out at a final 
volume of 25 ml with a SYBR-Green PCR Master Mix, using 
1 ml cDNA and 900 nmol of each primer for the respective 
genes. Cycling conditions were: 50˚C for 2 min and 95˚C for 
10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 
1 min.

Comparison of Omi/HtrA2 mRNA expression was based 
on the comparative CT method, where L02 cell Omi/HtrA2 
mRNA expression value was 1 and GAPDH expression was 
β-actin.

Western blot analysis. Adherent and floating cells were 
homogenized in radioimmunoprecipitation assay buffer 
(10 mmol/l Tris-HCl, pH 8.0, 10 mmol/l EDTA, 0.15 mol/l 
NaCl, 1% NP-40, 0.5% sodium dodecyl sulphate (SDS), 
1  mg/ml Aprotinin, 1  mmol/l phenyl methyl sulphonyl 
fluoride). The protein content was measured using the BCA 
protein assay reagent and 10 µg was electrophoresed on a 
12.5% SDS-PAGE gel under non-reducing conditions. Prior to 
loading the sample on the gel, the protein loads were equalized 
and the electrophoresed proteins were transferred to nitrocel-
lulose membranes. An equivalent protein loading for each 
lane was reconfirmed by staining the nitrocellulose membrane 
with Ponceau using the 36-kDa GAPDH band present in the 
supplement as a reference marker. The membranes were then 
probed with primary polyclonal antibody against Omi/HtrA2, 
XIAP, ped/pea-15, HAX-1 (Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), followed by peroxidase-labeled secondary 
antibodies. Western blot analyses were visualized using the 
enhanced chemiluminescence detection system according to 
the manufacturer's instructions.

RNA extraction and RT-PCR analysis. Total mRNA was 
isolated from hepatocellular carcinoma cells using TRIzol 
reagent following the manufacturer's instructions. cDNA was 
synthesized with reverse transcriptase as described in the 
introduction of the cDNA Synthesis kit. For the amplification 
of Omi/HtrA2 (978 bp), the primers used were: Omi/HtrA2 
sense: 5'-GCCATGATGGTGCATGACCGGTTAG-3' and 
antisense: 5'-AGTCCGTAAATTGGGGCCATGC-3'. β-actin 
(245 bp) sense: 5'-GCATGCTCTATAGGAACGCG-3' and 
antisense: 5'-CGATGGCAATCCTTACGTAAC-3'. The PCR 
regimen for Omi/HtrA2 and β-actin involved an initial dena-
turation step of 94˚C for 30 sec, followed by 30 cycles at 94˚C 
for 40 sec, 55˚C for 40 sec and 72˚C for 60 sec on a GeneAmp 
PCR system 9700 (Perkin-Elmer). The densitometric analysis 
of PCR products was performed using MAGIAS-1000 soft-
ware and normalized relative to the β-actin expression for each 
sample. The same experiments were performed three times.

Detecting the effect of Omi/HtrA2 gene silencing by RNA 
interference on hepatocellular carcinoma cell viability using 
MTT assay. Cell viability was determined by measuring 
cell metabolism using the 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assay. In brief, HepG2 
cells, HepG2 cells transfected into psiRNA and HepG2 cells 
transfected into psiRNA-Omi were plated at 5x103 cells/well 
in 96-well tissue culture plates. After treatment with doxoru-
bicin at concentrations of 0, 10-4, 10-3, 10-2 and 10-1 mol/l for 
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36 h, MTT was added to each well at a final concentration 
of 5 mg/ml and the cells were incubated for 4 h at 37˚C. The 
medium was then removed and the cells were dissolved with 
dimethyl sulfoxide (DMSO; Sigma-Aldrich, St. Louis, MO, 
USA). Absorbance was measured at 570 nm (referenced to 
650 nm) in a microplate reader (Bio-Tech Instruments Inc., 
Winooski, VT, USA).

As described earlier, the effect of Omi/HtrA2 gene silencing 
by RNA interference on Hep3B and PLC cell viability was 
determined using an MTT assay.

Detection of the effect of Omi/HtrA2 gene silencing by RNA 
interference on hepatocellular carcinoma cell apoptosis 
by flow cytometric analysis. HepG2 cells transfected into 
psiRNA and HepG2 cells transfected into psiRNA-Omi were 
incubated with doxorubicin at a concentration of 10-5 mol/l for 
12 h, at which point the control group without doxorubicin 
was established. Each group of cells was detached by 0.25% 
trypsin and washed twice with cold phosphate-buffered 
saline. The cells were stained with Annexin V-FITC (Sigma) 
according to the manufacturer's instructions. The cells were 
analyzed on a FACS Calibur flow cytometer and data analysis 
was performed with CellQuest software (Becton Dickinson, 
Franklin Lakes, NJ, USA). Since necrotic cells also exhibited 
phosphatidylserine due to the loss of membrane integrity, 
DNA staining with propidium iodide, added to the Annexin 
V-FITC solution, was used to distinguish necrotic cells from 
the Annexin V‑positive stained cell clusters.

The effect of Omi/HtrA2 serine protease activity on Hep3B 
and PLC cell apoptosis was detected using an MTT assay.

Detection of the effect of ucf-101 (Omi/HtrA2 protease inhib-
itor) on hepatocellular carcinoma cell viability using MTT 
assay. Cell viability was determined by measuring cell metab-
olism using an MTT assay. Briefly, HepG2 cells were plated 
at 5x103 cells/well in 96-well tissue culture plates. Following 
exposure to ucf-101 at concentrations of 0, 10-4, 10-3, 10-2 and 
10-1 mol/l) (Merck) for 36 h, the cells were exposed to doxoru-
bicin at a concentration of 10-3 mol/l, followed by the addition 
of MTT to each well at a final concentration of 5 mg/ml. The 
cells were subsequently incubated for 4 h at 37˚C. The medium 
was then removed and the cells were dissolved with DMSO. 
Absorbance was measured at 570 nm (referenced to 650 nm) 
in a microplate reader (Bio-Tech Instruments).

As described earlier, the effect of ucf-101 on Hep3B and 
PLC cell viability was determined using an MTT assay.

Detecting the effect of ucf-101 (Omi/HtrA2 protease inhibitor)
on cell apoptosis through flow cytometric analysis. HepG2 
cells were incubated with doxorubicin and ucf-101 at concen-
trations of 10-3 and 10-1 mol/l, respectively, for 12 h, at which 
point the control group without ucf-101 was established. Each 
group of cells was detached by 0.25% trypsin and washed 
twice with cold phosphate-buffered saline. The cells were 
stained with Annexin V-FITC (Sigma-Aldrich) according to 
the manufacturer's instructions. The cells were analyzed on a 
FACS Calibur flow cytometer and data analysis was performed 
with CellQuest software (Becton Dickinson). Since necrotic 
cells also exhibited phosphatidylserine due to the loss of 
membrane integrity, DNA staining with propidium iodide, 

added to the Annexin V-FITC solution, was used to distinguish 
necrotic cells from the Annexin V‑positive stained cell clusters.

The effect of ucf-101 on Hep3B and PLC cell apoptosis 
were detected using an MTT assay.

Detecting the effect of HepG2 and Hep3B cell viability 
when cells transfected with Omi/HtrA2 expression vector 
pEGFP‑Omi were exposed to ucf-101. Cell viability was 
determined by measuring cell metabolism MTT assay. 
Briefly, HepG2 cells, HepG2 cells transfected into pEGFP 
and HepG2 cells transfected into pEGFP-Omi were plated 
at 5x103 cells/well in 96-well tissue culture plates. Following 
treatment with doxorubicin at a concentration of 0, 10-4, 10-3, 
10-2 and 10-1 mol/l for 36 h, MTT was added to each well at a 
final concentration of 5 mg/ml and the cells were incubated for 
4 h at 37˚C. The medium was then removed and the cells were 
dissolved with (DMSO; Sigma-Aldrich). Absorbance was 
measured at 570 nm (referenced to 650 nm) in a microplate 
reader (Bio-Tech Instruments).

After HepG2 cells, HepG2 cells transfected into pEGFP 
and HepG2 cells transfected into pEGFP-Omi were exposed 
to doxorubicin at concentrations of 0, 10-4, 10-3, 10-2 and 
10-1 mol/l) for 36 h and the cells were exposed to ucf-101 at a 
concentration of 10-1 mol/l, the above experiment was repeated.

The effect of Hep3B cell viability when cells transfected 
with Omi/HtrA2 expression vector pEGFP-Omi were exposed 
to ucf-101 was determined using an MTT assay.

Detecting the protein expression of XIAP, ped/pea-15 and 
HAX-1 in HepG2 and Hep3B. HepG2, Hep3B and PLC 
cells were divided into the control group, the group treated 
with ucf-101, and the group transfected into pEGFP-Omi. 
The control groups were incubated with doxorubicin at a 
concentration of 10-3 mol/l for 24 h, the groups treated with 
ucf-101 were cultured at a concentration of 10-3 mol/l and 
ucf-101  at 10-1 mol/l for 24 h, and the groups transfected into 
pEGFP‑Omi were incubated with docxorubicin at a concentra-
tion of 10-3 mol/l for 24 h. The protein expression of XIAP, 
ped/pea-15 and HAX-1 was detected by western blotting.

Statistical analysis. Values of each target gene were presented 
as the mean  ±  SD. Silencing efficiency of psiRNA-Omi/
HtrA2 in HepG2 cells and the effect of Omi/HtrA2 RNA 
interference on HepG2 cell apoptosis were evaluated using 
the paired‑samples t-test and subsequent statistical analysis 
was carried out using one-way ANOVA. Statistical analyses 
were carried out using SSPS 13.0 for Windows. P<0.05 was 
considered significant.

Results

Successful construction of Omi/HtrA2 expression vector 
pEGFP-Omi and Omi/HtrA2 small‑interference RNA expres-
sion vector psiRNA-Omi. After HepG2 cells were transfected 
into pEGFP-Omi, Omi/HtrA2 mRNA and protein expression 
in HepG2 cells was effectively increased (Fig. 1A, P<0.05), 
whereas no change was observed for Omi/HtrA2 mRNA and 
protein expression in HepG2 cells transfected into pEGFP.

After HepG2 cells were transfected into psiRNA-Omi, 
Omi/HtrA2 mRNA and protein expression in HepG2 cells was 
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effectively suppressed (Fig. 1B, P<0.05), whereas no change 
was observed for Omi/HtrA2 mRNA and protein expression 
in HepG2 cells transfected into psiRNA.

Omi/HtrA2 mRNA and protein overexpress in hepatocellular 
carcinoma cells. The RT‑qPCR assay showed that Omi/HtrA2 
mRNA expression level in the HepG2, Hep3B and PLC hepa-
tocellular carcinoma cells was ~8 times that of the normal L02 
hepatocellular cells (Fig. 2, P<0.01). However, no significant 
difference was identified for the Omi/HtrA2 mRNA expres-
sion level for the HepG2, Hep3B and PLC hepatocellular 
carcinoma cells (P>0.05). Western blot analysis revealed that 
the Omi/HtrA2 protein expression was significantly higher in 
hepatocellular carcinoma cells than that in normal L02 hepa-
tocellular cells (Fig. 2, P<0.05), which was consistent with the 
result obtained from RT-qPCR.

Effect of silencing of Omi/HtrA2 expression on hepatocel-
lular carcinoma cell viability. MTT assay showed that, 

after HepG2 cells, HepG2 cells transfected into psiRNA 
and HepG2 cells transfected into psiRNA-Omi/HtrA2 were 
incubated with doxorubicin at varying concentrations for 
36  h, the cell survival rate of three experimental groups 
was decreased as the doxorubicin concentration increased. 
However, the reduced amplitude of HepG2 cells transfected 
into psiRNA-Omi (RNA interference) was significantly less 
than that of the other experimental groups (Fig. 3A, P<0.05). 
Similarly, the reduced amplitude of Hep3B (Fig. 3B, P<0.05) 
and PLC (Fig. 3C, P<0.05) cell viability after Omi/HtrA2 gene 
silencing by RNA interference was significantly less than that 
of the relative experimental groups.

Effect of silencing of Omi/HtrA2 expression on hepatocellular 
carcinoma cell apoptosis. After HepG2 cells transfected into 
psiRNA and HepG2 cells transfected into psiRNA-Omi were 
incubated with doxorubicin at a concentration of 10-5 mol/l 
for 12 h, the apoptotic rate of HepG2 cells transfected into 
psiRNA and HepG2 cells transfected into psiRNA-Omi was 
57.8 and 36.9%, respectively (Fig. 4A, P<0.05). The result 
showed that HepG2 cell apoptosis was downregulated after 
Omi/HtrA2 gene silencing by RNA interference. Similarly, 
we observed the same effect on Hep3B (Fig. 4B, P<0.05) and 
PLC (Fig. 4C, P<0.05) cell apoptosis after Omi/HtrA2 gene 
silencing by RNA interference.

Different effect of ucf-101 (Omi/HtrA2 protease inhibitor)on 
hepatocellular carcinoma cell viability. MTT assay showed 
that, after HepG2, Hep3B and PLC cells were incubated with 
ucf-101 at different concentrations for 36 h, the cell survival 
rate of HepG2 and Hep3B was increased with the increase in 
ucf-101 concentration (Fig. 5, P<0.05). The increased ampli-
tude of HepG2 cells was significantly more than that of Hep3B 
cells, although no change was evident in the cell survival rate 
of PLC cells.

Different effect of ucf-101 (Omi/HtrA2 protease inhibitor)
on hepatocellular carcinoma cell apoptosis. After HepG2 
cells were incubated with doxorubicin at a concentration of 
10-3 mol/l and ucf-101 at 10-1 mol/l for 12 h, the apoptotic 
rate of HepG2 cells exposed to doxorubicin and ucf-101 and 
HepG2 cells only exposed to doxorubicin was 35.7 and 58.3%, 

Figure 1. Omi/HtrA2 mRNA and protein expression in HepG2 transfected with Omi/HtrA2 expression vector pEGFP-Omi or Omi/HtrA2 small interference 
RNA expression vector psiRNA-Omi

Figure 2. Omi/HtrA2 mRNA and protein expression in normal hepatocel-
lular cell L02 and hepatocellular carcinoma cell lines. 
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respectively (Fig. 6, P<0.05) and that of Hep3B cells exposed 
to doxorubicin and ucf-101 and Hep3B cells only exposed to 
doxorubicin was 42.8 and 57.7%, respectively (Fig. 6, P<0.05). 
The result showed that HepG2 and Hep3B cell apoptosis was 
downregulated following exposure to ucf-101. We also found 
that PLC cell apoptosis did not change following the exposure 
of cells to ucf-101.

Effect of HepG2 and Hep3B cell viability when cells trans-
fected with Omi/HtrA2 expression vector pEGFP-Omi were 
exposed to ucf-101. MTT assay showed that after HepG2, 
HepG2 transfected into pEGFP-N1 and HepG2 transfected 

into pEGFP-Omi were incubated under different concentra-
tions of doxorubicin for 36 h, the cell survival rate of the 
three experimental groups was decreased with an increase 
in the concentration of doxorubicin. However, the reduced 
amplitude of HepG2 cells transfected into pEGFP-Omi was 
significantly more than that of other experimental groups 
(Fig. 7A, P<0.05). When simultaneous treatment with ucf-101 
at 10-1 mol/l was administered to the three cell groups for 36 h, 
almost no difference was identified in the survival rate of the 
three groups (Fig. 7B). Compared with the above observation, 
when Hep3B, Hep3B transfected into pEGFP-N1 and Hep3B 
transfected into pEGFP-Omi were exposed to doxorubicin 
under different concentrations, similar results for the change 
of the survival rate of the three groups were obtained (Fig. 7C, 
P<0.05). However, when simultaneous treatment with ucf-101 

Figure 3. The survival rate of hepatocellular carcinoma cells after Omi/HtrA2 gene silencing by RNA interference.

Figure 4. The apoptotic rate of hepatocellular carcinoma cells after Omi/HtrA2 gene silencing by RNA interference.

Figure 5. The survival rate of hepatocellular carcinoma cells after exposure 
to the Omi/HtrA2 serine protease inhibitor ucf-101.

Figure 6. The apoptotic rate of hepatocellular carcinoma cells after exposure 
to the Omi/HtrA2 serine protease inhibitor ucf-101.
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at 10-1 mol/l was administered to the three cell groups for 
36 h, the survival rates of the groups increased to a certain 
degree, but maintained the original difference when cells were 
not treated with ucf-101 (Fig. 7D). These results suggested 
that ucf-101 almost offset the effect of Omi/HtrA2 expression 
vector pEGFP-Omi on HepG2 cell viability. By contrast, for 
Hep3B cells, the experiment outcome showed that ucf-101 
partly counteracted the effect of Omi/HtrA2 expression vector 
pEGFP-Omi on cell viability.

Protein expression of XIAP, ped/pea-15 and HAX-1 in HepG2, 
Hep3B and PLC cells. To clarify the possible mechanism of 
the difference of Omi/HtrA2 pro-apoptotic marker in various 
hepatocellular carcinoma cell lines, we detected the protein 
expression of XIAP, ped/pea-15 and HAX-1 in HepG2, Hep3B 
and PLC cells. Western blot analysis found that XIAP was 
overexpressed in HepG2, Hep3B and PLC cells but its expres-
sion had no difference among the cell lines, while HAX-1 was 
not expressed in HepG2, Hep3B and PLC cells. PLC cells were 
devoid of ped/pea-15 expression while ped/pea-15 was overex-
pressed in HepG2 and Hep3B cells and ped/pea-15 expression 
was higher in HepG2 cells than that in Hep3B cells (P<0.05) 
(Fig. 8A). To identify the above detection, we examined the 
protein expression of XIAP, ped/pea-15 and HAX-1 in HepG2, 
Hep3B and PLC cells treated with ucf-101 or transfected into 
pEGFP-Omi for 24 h. The results showed no change in the 
protein expression of XIAP and HAX-1 in HepG2, Hep3B 
and PLC cells. However, the ped/pea-15 protein expression 
increased when HepG2 and Hep3B cells were exposed to 
ucf-101 (P<0.05) (Fig. 8B) but decreased when HepG2 and 

Hep3B cells were transfected into pEGFP‑Omi (P<0.05) 
(Fig. 8C). At the same time, the change of ped/pea-15 protein 
expression in HepG2 cells was more obvious than that in 
Hep3B cells (Fig. 8D).

Discussion

In the present study, we analyzed Omi/HtrA2 expression 
in normal L02 hepatocellular and HepG2, Hep3B and PCL 
hepatocellular carcinoma cells through RT‑qPCR and western 
blot analysis. The results showed that Omi/HtrA2 was overex-
pressed in the hepatocellular carcinoma cells. Our study also 
demonstrated that hepatocellular carcinoma cell apoptosis 
was downregulated after Omi/HtrA2 gene silencing by RNA 
interference and induced when cells were transfected with 
Omi/HtrA2 expression vector pEGFP-Omi. Thus, we suggest 
that Omi/HtrA2 overexpression promotes hepatocellular carci-
noma cell apoptosis. We previously reported that Omi/HtrA2 
was overexpressed in hepatocellular carcinoma tissues and 
Omi/HtrA2 expression was closely correlated with tumor 
size, tumor differentiation, clinical stage and lymph‑node 
metastasis (19). The present finding that Omi/HtrA2 induces 
hepatocellular carcinoma cell apoptosis confirmed and 
extended the observations made in our previous study.

The serine protease Omi/HtrA2 is released from mitochon-
dria into the cytosol in response to apoptotic stimuli, inducing 
cell death in a caspase-dependent manner by interacting with 
the IAP as well as in a caspase-independent manner that relies 
on its protease activity. Omi/HtrA2 proapoptotic function 
presents a ‘dual’ nature of Omi/HtrA2 proapoptotic activity, 

Figure 7. The survival rate of HepG2 and Hep3B cells after cells transfected with Omi/HtrA2 expression vector pEGFP-Omi were exposed to the Omi/HtrA2 
serine protease inhibitor ucf-101. The reduced amplitude of HepG2 cells transfected into pEGFP-Omi was significantly more than that of other experimental 
groups (Fig. 7A, P<0.05). The survival rate of the three groups had almost no difference when cells were simultaneously exposed to ucf‑101 at 10-1 mol/l for 
36 h (Fig. 7B). The reduced amplitude of Hep3B cells transfected into pEGFP-Omi was significantly more than that of other experimental groups(Fig. 7C, 
P<0.05). Compared with treatment of cells without ucf-101, the survival rates of the three groups were reduced to a certain degree, but maintained the original 
difference after simultaneous treatment with ucf-101 at 10-1mol/l for 36 h (Fig. 7D).
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which may be dependent on IAP binding or on the serine 
protease properties.

Previous studies have demonstrated that the manner 
in which (for IAP-binding or serine protease activity) 
Omi/HtrA2 participates in cell death may differ in some 
cell types. Blink et al (20) found that, for the usual apoptotic 
process in neutrophil inactivation of IAPs was sufficient for 
Omi/HtrA2 to realize its proapoptotic potential and the serine 
protease component was not essential, although under certain 
conditions Omi/HtrA2 may mediate cell death through its 
serine protease properties from within the mitochondria. 
Srinivasula et al (20,21) found that in 293 cells transfected 
with the active site mutant Omi/HtrA2, which had no protease 
activity, caspase activation and cell death were markedly 
reduced, whereas transfection of the wild-type protein induced 
both events and resulted in a significant reduction in the 
amount of XIAP in the transfected cells, which appeared to be 
a substrate of Omi/HtrA2.

The abovementioned studies provided important findings. 
However, whether the Omi/HtrA2 dual pro-apoptotic marker 
(the way of IAP-binding or serine protease activity) demon-
strates a difference in the various hepatocellular carcinoma cell 
lines remained to be elucidated. In our experiments, the effect 
of Omi/HtrA2 on hepatocellular carcinoma cell viability and 
apoptosis through using ucf-101 (Omi/HtrA2 protease inhibitor) 
was examined. We found that HepG2 and Hep3B cell viability 
and apoptosis were suppressed by Omi/HtrA2 serine protease 
inhibitor ucf-101 while PLC cell viability and apoptosis was not 
affected by ucf-101. Omi/HtrA2 serine protease activity was 
involved in the process of HepG2 and Hep3B cell apoptosis, 
whereas Omi/HtrA2 serine protease activity did not participate 
in PLC cell apoptosis. Therefore, we suggest that in PLC cells 

the only manner in which Omi/HtrA2 induces cell death may 
be dependent on IAP-binding under some conditions.

In addition, our study showed that the increased amplitude 
of HepG2 cell viability was higher than that of Hep3B cells 
following cell exposure to ucf-101. Thus, Omi/HtrA2 induction 
of cell apoptosis in HepG2 and Hep3B cells is also different 
and Omi/HtrA2 induction of HepG2 cell apoptosis may mainly 
be dependent on its serine protease activity while IAP-binding 
and its serine protease activity participate in Hep3B cell 
apoptosis. To identify how Omi/HtrA2 induces HepG2 and 
Hep3B cell apoptosis, we detected the change of HepG2 and 
Hep3B cell viability when cells transfected with Omi/HtrA2 
expression vector pEGFP-Omi were exposed to ucf-101 
(Omi/HtrA2 protease inhibitor). Our study results demonstrate 
that ucf-101 almost offset the effect of Omi/HtrA2 expression 
vector pEGFP-Omi on HepG2 cell viability. By contrast, for 
Hep3B cells, the experiment outcome showed that ucf-101 
partly counteracted the effect of Omi/HtrA2 expression vector 
pEGFP-Omi on cell viability. This result confirms the above 
supposition that the way that Omi/HtrA2 induces HepG2 cell 
apoptosis may be mainly dependent on Omi/HtrA2 serine 
protease activity while IAP-binding and its serine protease 
activity participate in Hep3B cell apoptosis. Based on the 
above data, we consider that the Omi/HtrA2 marker induces 
cell apoptosis differently in various hepatocellular carcinoma 
cell lines under varying conditions.

Of note, which factors cause Omi/HtrA2 pro-apoptotic 
marker to differ in various hepatocellular carcinoma cell 
lines remains to be elucidated. Yang et al (22) reported that 
the overexpression of Omi/HtrA2 causes caspase‑independent 
cell death, depending on the protease activity of Omi/
HtrA2 alone, independent of IAP inhibition, although 

Figure 8. Protein expression of XIAP, ped/pea-15 (PEA-15) and HAX-1 in HepG2, Hep3B and PLC cells. XIAP overexpressed in HepG2, Hep3B and PLC 
cells and its expression had no difference among them and HepG2, Hep3B and PLC cells had no HAX-1 expression. (A) PLC cells were devoid of ped/pea-15 
expression although ped/pea-15 was overexpressed in HepG2 and Hep3B cells. However, ped/pea-15 expression was higher in HepG2 cells than that in Hep3B 
cells. (B) The protein expression of XIAP and HAX-1 in HepG2, Hep3B and PLC cells showed no change, whereas ped/pea-15 protein expression increased in 
HepG2 and Hep3B cells following cell exposure to ucf-101. (C) The protein expression of XIAP and HAX-1 in HepG2, Hep3B and PLC cells did not change, 
whereas the ped/pea-15 protein expression decreased in HepG2 and Hep3B cells when cells were transfected into pEGFP-Omi. (D) The change of ped/pea-15 
protein expression in HepG2 cells was more evident than that in Hep3B cells when transfected into pEGFP-Omi or exposed to ucf-101.
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no functional substrates were identified. Subsequently, 
ped/pea-15 and HAX-1 (the mitochondrial anti-apoptotic 
protein HS1-associated protein X-1) were identified as Omi/
HtrA2 substrates by Trencia et al (23) and Cilenti et al (24), 
respectively, and the two substrates were involved in the 
apoptotic process. Therefore, we postulate that ped/pea-15 and 
HAX-1 as the substrates of Omi/HtrA2 serine protease may 
be important in the Omi/HtrA2 pro‑apoptotic marker differ-
ence. Thus, we detected ped/pea-15, HAX-1 and XIAP protein 
expression in HepG2, Hep3B and PLC cells. The results show 
that ped/pea-15 protein expression in HepG2, Hep3B and PLC 
cells has a significant difference. Moreover, PLC cells have 
no ped/pea-15 protein expression while ped/pea-15 was over-
expressed in HepG2 and Hep3B cells and ped/pea-15 protein 
expression in HepG2 cells was higher than that in Hep3B cells. 
This outcome provides a reasonable explanation for the above 
experiment that cell viability and apoptosis of HepG2, Hep3B 
and PLC cells treated with ucf-101 had an obvious difference. 
Thus, ped/pea-15 expression level causes the difference of 
Omi/HtrA2 pro-apoptotic marker in various hepatocellular 
carcinoma cell lines. Nevertheless, additional experiments are 
required to validate the findings.

Taken together, our study results show that Omi/HtrA2 
overexpression facilitates hepatocellular carcinoma cell apop-
tosis and that, for IAP-binding (caspase-dependent pathway) 
or serine protease activity (caspase-independent pathway) of 
Omi/HtrA2, the manner in which Omi/HtrA2 induces cell 
apoptosis differs in the various hepatocellular carcinoma cell 
lines and ped/pea-15 expression level results in this difference 
of Omi/HtrA2 pro-apoptotic marker. However, the role and 
possible mechanisms of Omi/HtrA2 expression on hepatocel-
lular carcinoma cell apoptosis may provide a novel option for 
deploying Omi/HtrA2 to carry out targeting therapy in hepa-
tocellular carcinoma.
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