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Summary: The effects of PEG10 on hydrogen peroxide (H2O2)-induced apoptosis in human normal 
liver cell line L02 were investigated. The PEG10 gene was transfected into L02 cells by lipofectamine, 
the positive clone was screened by G418 and defined as L02/PEG10, while the cell transfected with 
empty expression vector (pEGFP-N1) was defined as L02/vector. L02/vector and parental L02 cells 
served as control. RT-PCR and Western blotting were employed to detect the expression of target 
genes. H2O2 (50–400 mmol/L) was administered to induce the apoptosis of L02 cells. Cells viability 
was measured by MTT and the morphological changes of apoptotic cells were determined by fluo-
rescence microscopy using hoechst33342 nuclei staining. DNA fragmentation was observed by aga-
rose gel electrophoresis. PEG10 mRNA and protein levels in L02/PEG10 cells were significantly in-
creased as compared with those in the control cells. After treatment with 400 mmol/L H2O2 for 24 h, 
the cellular growth inhibition rate of L02/PEG10 cells was significantly lower (58.2%) than that of 
L02 (92.5%) and L02/vector (88%). Distinct morphological changes characteristic of cell apoptosis 
such as karyopyknosis and conglomeration were not observed in L02/PEG10. Ladder-like DNA 
fragmentation in a dose-dependent manner was observed in both L02 and L02/vector cell lines, but not 
in L02/PEG10. PEG10 over-expression significantly inhibited cytotoxicity induced by H2O2 on hu-
man normal liver cell line L02 by antagonizing H2O2-induced apoptosis. 
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 Paternally expressed gene 10 (PEG10) was identi-
fied on the basis of its location in an imprinted domain 
on human chromosome 7q21 and characterized as pa-
ternally expressed/maternally silenced[1–3]. Data from 
manipulating the expression of this gene in cancer cell 
lines indicated that PEG10 was over-expressed in 
hepatocellular carcinoma (HCC), including those with 
normal serum AFP and of small size[4–10]. These results 
suggested that PEG10 has growth-promoting activity 
and may play an important role in the carcinogenesis of 
human hepatocytes. Understanding the molecular basis 
of the abnormal imprinting of PEG10 will shed new 
light on the processes leading to liver disease. 

The objective of this study was to investigate 
whether PEG10 is involved in H2O2-mediated cellular 
apoptosis. The L02 cells stably expressing PEG10 was 
established and designated as the L02/PEG10 cell strain, 
while the cells transfected with the empty expression 
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vector was dubbed the L02/vector cell strain. We dem-
onstrated that PEG10 promotes the proliferation rate of 
L02/PEG10 and inhibits H2O2-induced cytotoxicity and 
DNA fragmentation. 

1 MATERIALS AND METHODS 

1.1 Materials 
1.1.1 Genes, Cells and Main Reagents  Eukaryotic 
vector pPEG10/neo containing a full-length human 
PEG10 cDNA (1027 bp) and human normal liver cell 
line L02 were stocked in our laboratory. The plasmid 
pEGFP-N1 was kindly provided by Dr. Shen Wenzhuang 
from the Department of General Surgery of Tongji hos-
pital, Wuhan, China. The solution of H2O2 was diluted 
immediately prior to the start of the experiments and 
stored at 4°C during the experiments. RPMI 1640 and 
fetal bovine serum (FBS) were procured from Gibco, 
USA. Lipofectamine™ was the product of Invitrogen Co. 
Ltd., USA. Hoechst33342 was bought from Beyotime 
Biotechnology, China. MTT and dimethylsulfoxide 
(DMSO) were purchased from Sigma, USA. PCR primer 
was synthesized by Shanghai Shengong Co. Ltd., China. 
1.1.2  Cell Culture  Cells were cultured in RPMI 1640 
medium supplemented with penicillin/streptomycin (100 
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U/mL and 100 µg/mL respectively) and 10% FBS at 
37°C in a humidified atmosphere containing 5% (v/v) 
CO2 and passaged every three days. 
1.2 Methods  
1.2.1 Gene Transfection and Establishment of Stable 
Cell Lines  L02 cells were seeded into a 24-well culture 
plate at a cell density of about 1×104 cells. At the same 
time, non-transfected (normal L02), pEGFP-N1 and 
pPEG10/neo transfected groups were designated. Gene 
transfection was conducted in accordance with the pro-
tocol of lipofectamine2000TM recommended by the 
manufacturer. After incubation at 37°C for 24 h, the cells 
were digested by 0.25% trypsinase and seeded into a 
6-well plate at 1×108 cell density, and then selected 
with 400 mg/L G418 for 3 weeks. When most of the 
non-transfected cells were dead, the concentration of 
G418 was decreased to 200 mg/L and maintained for 
another 3 weeks. After formation of cellular clones, sub-
clones were chosen at random and amplified. The sub-
clone cells were named L02/vector and L02/PEG10, re-
spectively. 
1.2.2  Detection of Cellular PEG10 mRNA Expression 
The fragment of PEG10 was amplified from RNA of 
L02/PEG10 by RT-PCR, and the primers were as follows: 
5'-GTC GAC ACC ATG ACC GAA CGA AGA AG-3' 
(sense), 5'- GGA TCC TTA TAT AGG GCC GGG GAG 
TTT-3' (antisense). The PCR conditions were as follows: 
95°C for 5 min, 95°C for 45 s, 58.5°C for 30 s, 72°C for 
1 min, 35 cycles and 72°C for 10 min. β-actin served as 
an internal standard and the primers were as follows: 
5'-GGC ATC GTG ATG GAC TCC G -3' (sense), 
5'-GCT GGA AGG TGG ACA GCG A -3' (antisense). 
The PCR reactions were performed for 30 cycles at 94°C 
for 1 min, 58.5°C for 30 s, 72°C for 50 s. PCR fragments 
were separated electrophoretically on 1.5 % agarose gel. 
1.2.3 Detection of Cellular PEG10 Protein Expression 
Protein (50 μg) from each sample was eletrophoresed on 
10% SDS-polyacrylamide gel and transferred to PVDF 
membranes. Membranes were blocked with 5% (w/v) 
non-fat milk in Tween-TBS (TBST) overnight at 4°C 
and incubated with the anti-PEG10 antibody diluted at 
1:1000 in TBST for 1 h at room temperature. Membranes 
were washed three times with TBST and incubated with 
a secondary antibody at a dilution of 1:5000 at room 
temperature for 1 h. Immunodection was carried out by 
using an ECL kit. 
1.2.4 Cellular Proliferation Assay  L02, L02/vector 
and L02/PEG10 cells were seeded onto 96-well plates at 
3–5×105 cells/mL. For each cell line, 50 mmol/L H2O2 
group, 100 mmol/L H2O2 group, 200 mmol/L and 400 
mmol/L H2O2 group were designed, with each group 
having 5 wells. After treatment with H2O2 for 24 h, 
10-μL MTT solution (5 mg/mL) was added to each well 
and the samples were cultured for another 4 h. The for-
mazan crystals were dissolved in 100-μL DMSO and the 
absorbance was measured at 570 nm using an ELISA 
plate reader. The growth inhibitory rate was calculated 
by the following formula: Growth inhibition rate 
(%)=(1–Average A values of the experimental group/ 
Average A values of the control group)×100%. All the 
experiments were repeated at least three times separately 
to confirm their reproducibility, and data from one rep-
resentative experiment were used. 

1.2.5  Hoechst33342 Staining L02, L02/vector and 
L02/PEG10 cells (1×105/mL) were plated onto 25 mL 
culture flasks. The next day the cells were treated with 
50, 100, 200 and 400 mmol/L H2O2. At 24 h following 
initiation of the culture, apoptosis was assessed by 
Hoechst33342 staining. The changes in nuclei were ob-
served with a fluorescent microscope (Olympus, USA) 
through a UV-filter.  
1.2.6 Agarose Gel Electrophoresis for Analysis of 
DNA Fragmentation  Cells (1×106/ mL) after treat-
ment were washed and suspended in 400 μL cell lysis 
buffer (5 mmol/L Tris–HCl, 10 mmol/L NaCl, 100 
mmol/L EDTA, 1 % (w/v) SDS, 50 mg/mL proteinase K, 
pH 7.4). After incubation overnight at 50°C for complete 
digestion, DNA was extracted twice with equal volume 
of phenol, which was followed by two extractions with 
chloroform. The DNA was then precipitated by adding 
two volumes of absolute ethanol, which was followed by 
centrifugation at 14 000 r/min for 20 min. Extracted 
DNA was dissolved in 20 μL TE buffer. Samples were 
then loaded onto a 1.5 % agarose gel and electrophoresis 
was carried out at 60 V in TBE buffer. 
1.3 Statistical Analysis 

Data were expressed as ±s and analyzed by using 
SPSS12.0 software package. 
 
2 RESULTS 
 
2.1 RT-PCR Analysis   

Fig. 1 shows that, after electrophoresis of RT-PCR 
products, a PEG10 (996 bp) amplification band was ob-
served in L02/PEG10. L02 and L02/vector cells had no 
bands. β-actin (613 bp) served as internal controls. 
 

 
Fig. 1 Cellular PEG10 expression detected by RT-PCR 

M: DNA marker DL2000 
 
2.2 PEG10 Protein Detection by Western Blotting 

The expression of PEG10 in cells was confirmed by 
Western blotting. The PEG10 protein was detected in 
L02/PEG10 cells, suggesting a stable transfection. In 
contrast, the wild L02 cells and the L02/vector cells did 
not express PEG10 (fig. 2). GAPDH served as internal 
controls. 

 
Fig. 2 Cellular PEG10 expression detected by Western blot-

ting 
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2.3 Assessment of Cell Viability by MTT 
MTT assay showed that, after exposure of exponen-

tially growing cells to 50, 100, 200, 400 mmol/L H2O2 for 
24 h, the growth of L02, L02/vector and L02/PEG10 cells 
was reduced in a dose-dependent manner. After treatment 
with 400 mmol/L H2O2 for 24 h, the inhibitionn rate of 
L02/PEG10 cells was 58.2%, while that of L02 cells 
reached 92.5%, and the difference between these two 
groups was significant (t=6.42, P<0.01). The difference in 
growth inhibitory rate between L02 and L02/vector cells 
(88 %) was not significant (P>0.05) (fig. 3). 
2.4 Detection of Apoptosis by Fluorescence Micros-
copy 

Apoptotic cell death in L02, L02/vector and 
L02/PEG10 cells were examined by fluorescent micro-
scopic examination of hoechst33342-stained cells. After 
L02/PEG10 cells were treated with H2O2 (400 mmol/L) 
for 24 h, a significant decrease in the percentage of 
apoptotic cells was observed (fig. 4). 

 
Fig. 3 Cell growth inhibition rate of stably transfected L02 

(L02/PEG10) cells and control cells (L02, L02/vector) 
after the treatment of H2O2 

Data are expressed as ±s of 3 independent experi-
ments. #P<0.01 vs L02 and L02/vector groups 

2.5 Formation of ‘DNA Ladder’ during Apoptosis in 
L02/Vector Cells  

To test whether H2O2 induced cytotoxic effects in 
L02, L02/vector and L02/PEG10 cells via apoptosis, we 
detected intranucleosomal DNA fragmentation, a hall-

mark of apoptosis, by agarose gel electrophoresis. As 
shown in fig. 5, ladder-like DNA fragmentation was 
noted in a dose-dependent manner in L02, L02/vector cell 
lines 24 h after H2O2 treatment. In the L02/PEG10 cells, 
DNA fragmentation was significantly reduced. 

 

 
Fig. 4  Morphological changes of cell apoptosis detected by Hoechst33342 staining before (A, B, C) and after (D, E, F) treatment 

of H2O2 (400 mmol/L) 
Arrows denote condensed, fragmented nuclei. Magnification in (A) to (F) was 200 times. Scale bar in (F) equals 40 μm and 
applies to all panels. 
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Fig. 5 Formation of DNA ladder during apoptosis 

Cells were treated with H2O2 at the concentration as indicated at 37°C, 5% CO2 for 24 h. After treatment, DNA was extracted 
and analyzed by agarose gel electrophoresis. 

 
3 DISCUSSION 
 

HCC is a leading cause of death worldwide and is 
especially prevalent among Asian populations. Similar to 
other human cancers, HCC is caused by multiple mecha-
nisms among which chronic infection with hepatitis B 
virus (HBV) or hepatitis C virus (HCV), intake of food 
contaminated with chemical carcinogens and excessive 
consumption of alcoholic beverages are considered to be 
the major risk factors for HCC development[1, 5, 8, 9]. 

Compelling evidence suggests that most known 
environmental risk factors for HCC development lead to 
generation of reactive oxygen species (ROS) and are 
associated with oxidative stress[11–13]. Moreover, ROS 
production is part of the inflammatory processes. As we 
all known it, inflammation is a common response in the 
human liver and is involved in chronic hepatitis, cirrhosis, 
steatosis, ischemia-reperfusion damage, hepatocarcino-
mas and metastasis[12]. Liver infiltration by activated 
phagocytic cells provides an additional source of ROS 
production that promotes oxidative stress via interleukin 
or NO production that can damage proteins, lipids, DNA 
and mitochondrial transmembrane potential (∆Ψm)[14]. 
Increasing evidence indicates that mitochondrial dys-
function often participates in the induction of apoptosis 
and in many system, decreased ∆Ψm is an early re-
quirement for apoptosis[15–18]. 

Expression of PEG10 was found in the brain, kid-
ney, lung, testis and placenta, but not in the liver and a 
number of other tissues[1–3]. Transfer of PEG10 into 
hepatoma cells that expressed non-detectable endoge-
nous PEG10 protein elicited significant growth promo-
tion activity [6]. Okabe H et al found the imbalance be-
tween the expression of PEG10 and SIAHⅠ, a mediator 
of apoptosis, may be involved in hepatocarcinogenesis 
through inhibition of apoptosis[19]. Huang et al demon-
strated that SiRNA eukaryotic expression vectors target-
ing PEG10 gene can induce HepG2 cell growth inhibi-
tion and apoptosis through down-regulating PEG10 and 
Cyclin D1[20– 22]. 

Our study demonstrated that PEG10, a cell apop-
tosis inhibitor, could inhibit the apoptosis-inducing ef-
fects of H2O2. The MTT assay showed that cell survival 
was markedly decreased in L02 and L02/vector, while in 

L02/PEG10 cells, no such remarkable changes took place 
after treatment with H2O2. When L02 and L02/vector 
cells were exposed to 400 mmol/L H2O2 for 24 h, typical 
apoptotic morphological changes of the L02 nuclei was 
observed by Hoechst33342 staining. Agarose gel elec-
trophoresis of DNA extracted from H2O2-treated L02 and 
L02/vector cells showed ladder-like DNA fragmentation 
in a dose-dependent manner in L02, L02/vector cell lines 
and PEG10 reduced H2O2-induced DNA fragmentation. 

It seems that an increase in the cellular H2O2 may 
be an important event of cell apoptosis. On the other 
hand, evidence suggests that the prolonged production of 
cellular oxidants has been linked to modification of gene 
expression[13]. In particular, signal transduction pathways 
are known to be activated by ROS, and they lead to the 
transcription of genes involved in cell growth regulating 
pathways[23, 24]. A recent study suggested that common 
genomic gains of PEG10 in HCC were derived from 
HBV carriers[25]. It is speculated that PEG10 gene may 
be directly activated by ROS or HBx which could inhib-
its cell apoptosis. 

Although a substantial body of data from clinical 
and laboratory studies indicates that over-expression of 
PEG10 in cancer is associated with inhibited apoptosis, 
the roles of PEG10 are complicated and not fully under-
stood. Our findings may help to gain insight into the 
hepatocarcinogenesis. 
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