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Objective: To build GPC3 gene short hairpin interference RNA (shRNA) slow virus vector,
observe expression of Huh—7 GPC3 gene in human liver cell line proliferation apoptosis and the
effect of GPC3 gene influencing on liver cancer cell growth, and provide theoretical basis for
gene therapy of liver cancer. Methods: Hepatocellular carcinoma cell line Huh—7 was transfected
by a RNA interference technique. GPC3 gene expression in a variety of liver cancer cell lines was
detected by fluorescence quantitative PCR. Targeted GPC3 gene sequences of small interfering
RNA (siRNA) PGC—shRNA—-GPC3 were restructured. Stable expression cell lines of siRNA were
screened and established with the help of liposomes (lipofectamine™*) as carrier transfection
of human liver cell lines. In order to validate siRNA interference efficiency, GPC3 siRNA mRNA
expression was detected after transfection by using RT-PCR and Western blot. The absorbance
value of the cells of blank group, untransfection group and transfection group, the cell cycle
and cell apoptosis were calculated, and effects of GPC3 gene on Huh—7 cell proliferation and
apoptosis were observed. Results: In the liver cancer cell lines Huh-7, GPC3 gene showed
high expression. PGC—shRNA—-GPC3 recombinant plasmid was constructed successfully via
sequencing validation. Stable recombinant plasmid transfected into liver cancer cell lines Huh—7
can obviously inhibit GPC3 mRNA expression level. Conclusions: The targeted GPC3 siRNA can
effectively inhibit the expression of GPC3.

1. Introduction

treatmentl1-3]. Therefore, it is critical to understand the

mechanism of HCC for targeted therapy. The formation of

Hepatocellular carcinoma (HCC) is one of the most
common malignant tumor. More than 500000 people are
diagnosed with liver cancer worldwide each year. The
pathogenesis of liver cancer is concealed, its progress
is rapid, its mortality rate is high, and its treatment
is difficult. Patients diagnosed with liver cancer are

confirmed in its advanced stage and lost the best time for
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tumor is a multi—step, multi-stage pathological process,
including the activation of oncogene and inactivation of
tumor suppressor gene, the formation of capillaries, and
immune escape of the monitor, efc. Studies confirm that
there is a link between the balance relationship of cell
proliferation and apoptosis and tumor occurrence and
developmentl4-6].

Phosphatidyl inositol proteoglycan— 3 (GPC-3), a
member of phosphatidyl inositol proteoglycan family,
is an carcinoma embryo protein. Connected to the cell
membrane through glycosyl phosphatidyl inositol, it has

the effect of promoting cell growth and differentiation in
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the process of the development of tumor. In recent years, the
biological characteristics of tumor related cytokines research
become a hot spot of clinical researchesl7-101. But whether
the expression of GPC-3 has inhibitory effect on liver cancer
cell proliferation is not yet clearly defined. This study aims
to build GPC-3 plasmid by RNA interference technique and
explore the transcription effects of silent GPC-3 gene on

human liver cancer proliferation and migration.

2. Materials and methods
2.1. Material

Liver cancer cell lines Huh-7 (Shanghai Cell Bank,
Chinese Academy of Sciences), TRIzol (Invitrogen
Corporation), PCR kit (TaKaRa, Japan), reverse transcription
kits (ABI Applied Biosystems, USA), Annexin V/PI double
staining streaming method apoptosis detection kit
(Bender Company), fetal bovine serum (Gibco BRL, USA),
high glucose DMEM medium (Gibco BRL, USA), RNA
electrophoresis liquid (Kang, China), trypsin (Invitrogen
Corporation), the slow virus carrier system (Shanghai Jikai
Gene Chemical Technology Co. Ltd.), restriction enzyme,
T4DNA ligase (New England Biolabs), flow cytometry
instrument, automatic enzyme standard instrument (BIO-
RAD550), plasmid extraction kit (Qiagen), lipofectamine™ "
and Opti—-MEM medium (Invitrogen Corporation) were used

in the present study.
2.2. Method

2.2.1. Cell culture

The mixture containing 15% fetal bovine serum, DMEM
medium and 1% PS nutrient solution was prepared. Huh-7
cryopreserved tubes were removed from liquid nitrogen
tank, quickly put into the 37 °C water bath for rewarming
and thawing. About 10 mL culture was drawn from super
clean bench and added to centrifuge tube. After the
thaw of Huh-7, defrost liquid was drawn and added to
the centrifugal tube, beated until blended, sealed, and
centrifugated at 800 r/min for 5 min. The supernatant was
abandoned, then it was added with nutrient solution for
dilution, moved into a culture flask and cultured at 37 °C
in 5% CO, incubator. The next day the liquid was changed.
When Huh-7 grew and fused into a single, it was washed
with phosphate buffer solution (PBS) for three times, digested
and subcultured by 0.25% trypsin and 0.02% ethylene
diamine tetraacetic acid.

2.2.2. GPC short hairpin RNA (shRNA) expression vector
construction

According to the gene information of GPC in GenBank
(NM_001130145), from the backward position (75th—
100th base pair) of the initiation codon “ATG” of the
open reading frame in the target gene, 21 base sequences
after AA sequence was searched as as a potential small
interfering RNA (siRNA) targeted points. Target gene
sequence with the GC content between 40% and 55% was
selected as a potential optimization. BLAST retrieval was
used in expressed sequence tag database in Gen—Bank.
The selected sequence and the corresponding genome
database were compared to rule out homologous sequence

of other coding sequences and determine its specificity.

2.2.3. Construction of GPC3 gene expression vector

An ABI PRISM 7500 (ABI Applied Biosystems, USA)
was used to amplify ¢DNA, with length of 121 bp. Gene
sequence was designed based on the analysis software of
ABI company (ABI Prism based analyzer). PCR products
and overexpression plasmid vector of pEGFP-GPC-3 FLAG
were separately performed with Xho T and Kpn I double

enzyme digestion.

2.2.4. Screening of effective targets for GPC3 RNA
interference (RNAi)

GPC overexpression plasmid was mixed with RNAi virus
plasmid vector of different interference targeted sites of
GPC as experimental group, while mixed with pCMV—-Neo—
Bam as the blank plasmid group. Well growing Huh-7
cells with the fusion of 80% to 90% were taken to co—
transfect compounds of each group into Huh-7 cells. After
24 h, expression of GFP for virus RNAi plasmid report gene
(green fluorescence) was observed under the fluorescence
microscope. Visible infection efficiency should be higher

than 80%, otherwise the infection was done again.

2.2.5. Slow virus infection and screening stable expression

A day before virus infection of liver cancer cell lines
Huh-7 of PGC—shRNA-GPC3, Huh-7 cells in good growth
condition was put into 6 holes culture plate, with PGC—
shRNA-GPC3 as the experimental group, at the same time
empty carrier group and blank control group were set up.
A total of 50 1. OPTI DMEM + 2 L lipofectamine """
and 50 ¢ L OPTI DMEM + 1 (g PGC—shRNA-GPC3 were
mixed for 20 min at room temperature, the liquid was
dropped evenly on the cell surface, and placed in 5% CO,
incubator for 6 h. The transfection liquid was discarded

and the medium was changed. Then selective medium with
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blasticidin (1.25 ¢ g/mL) was added for selection. Visible
resistant clone grew after 2 weeks. Single cell clone was
taken into 24 orifice plate and continued to expand, and
stable transfection of cloned cells could be obtained about

1 month later.

2.3. Detection of GPC3 expression after steady interference

by fluorescence quantitative PCR

2.3.1. Total RNA extraction

Total RNA was extracted by Trizol reagent kit. Cracking
liquid was scraped and transfered to 1.5 mL sterilised
Eppendorf tube at room temperature for 5 min. About 0.2 mL
chloroform was added and shocked for 15 seconds, kept for
2 min after thoroughly incorporated, and centrifuged
for 15 min. Supernatant (0.4 to 0.6 mL/1 mL) was drawn
and 0.5 mL isopropyl alcohol was added, blended, then
kept for 10 min at room temperature, centrifuged and the
supernatant was abandoned. About 1 mL of 75% alcohol
was added to wash the sediment, and then dried at room
temperature. Suitable amount of DEPC H,0 was added for

dissolution, and quantified by UV spectrophotometer.

2.3.2. Retrovirus synthetic cDNA

PGC—shRNA-GPC3 lentivirus stable transfection cell,
RNA of transfected empty granulocyte and untransfected
cell were extracted respectively, and RNA concentration
was measured by spectrophotometry and recorded.
Operation was strictly followed the instructions of
High Capacity ¢cDNA RT Kit (ABI Applied Biosystems,
USA). The samples of 0.5 ¢t g RNA, 1 ¢ L 10x reverse
transcriptase buffer, 0.4 ¢ L deoxyribonucleotide
triphosphates, 0.5 ¢ L reverse transcriptautomotive
service engineers, and 1 ¢ L primers were added into
a 20 ¢ L centrifuge tube, and added double steaming
water up to 10 ¢ L for conventional reverse transcription
into cDNA.

2.3.3. Real-time PCR

With Primer 5.0 software design, internal gene primer was
sent to Shanghai Yingjun Synthetic Biological Technology
Co., Ltd. GPC upstream primer: 5'=CGA GAT AAG CAC
CTT TCA CAA CC-3’, GPC-3 downstream primers: 5" —
AGA AGA AGC ACA CCA CCG AGA-3’". The PCR reaction
conditions were 95 °C for 30 seconds, 95 °C for 5 seconds,
45 °C for 60 seconds for a total of 40 cycles. Mapping ACT
value based on ¢DNA log of the concentration gradient,
the linear slope absolute value close to zero showed that

amplification of internal standard and target genes were at
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AT method was used to analyze

the same efficiency. The 2~
the expression of GPC3 relative strength (CT value defined
as the cycle number when fluorescent signal of each
reaction tube reached its set threshold). The experiment was

repeated for three times to obtain the average value.
2.4. Detection of cell invasive ability by Transwell

A layer of fibronectin was coated on the surface of
Transwell PVPF film (10 ¢ g/mL, 50 1) at 37 °C for 2 h,
washed with PBS again, moved into 24 orifice plate with
serum of 600 ¢ L containing 10% culture medium, added
cells 100 ¢ 1, diluted with culture medium containing 0.1%
serum by 1:3), moved into the incubator, then took out after
12 to 18 h, and wiped cells close to the inner chamber PVPF
membrane; the other sides of cells were with fixed with
formaldehyde for 30 min at room temperature, stained with
crystal violet staining for 20 min, washed three times, and

then observed under microscope to record the cell counts.
2.5. Scratch test for cell migration

The day before transfection, the cells were spreaded with a
density of 70%—80% in 6 cm Petri dish. After 16 h, cells were
transfected according to the transfection reagent instruction
(8 g plasmid, 20 ¢ L). After 24 h of transfection, the
plate was respreaded with density of 30%—40%. After cells
completely adherent to the wall, the line was scratched
gently with 200 ¢ L tip in 90 degree vertically, which was
forced evenly to make sure there was no cells left. Fresh
medium was refreshed every 3 d. Inverted microscope was
used for a few days (100x) to record the cell migration until
the cells scratches were full. Both sides of the lines were
the average gaps. Image—Pro Plus was used in analysis AGs

of each cell.
2.6. Detection of cell apoptosts by flow cytometry

Cells were vaccinated in 6 orifice plate for incubation
and scavenged the original medium 48, 72 and 96 h after
transfection, respectively. Then they were washed with PBS
twice, the orginal cells were digested with the pancreatin
which did not contain ethylene diamine tetraacetic
acid. They were collected in 1.5 mL Eppendorf tube for
centrifugation for 5 min at 2000 r/min. The supernatant
was then removed. According to the operating instructions
of double dye apoptosis kit of Annexin V-FITC/Propidium
Todide (PT), 500 1. binding buffer was added respectively
to suspend cells. About 2 £ 1, Annexin V-FITC was added,
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and then 5 T PT was mixed at room temperature, and the
reaction time was 5 min away from light for flow cytometry
instrument detection.
2.7. Statistical analysis
SPSS11.5 software was used for statistical data analysis.
Measurement data were calculated with mean+SD.
3. Results
3.1. Expressions of GPC3 mRNA in HCC cell lines
Fluorescence quantitative PCR results showed that GPC3

mRNA was highly expressed in liver cancer cells. Huh-7

cells with highest expression was screened for subsequent

experiments (Figure 1).
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Figure 1. Expressions of GPC3 mRNA in HCC cell lines by RT-PCR.
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into shRNA fragments was 343 bp, and the empty carrier
cloning PCR fragment had size of 306 bp, consistenting
with the theoretical value. The recombinant positive
clone fragment was undergone sequencing and the
results showed that the four groups of restructured RNAi
lentiviral vector fragments were all consistent with the
synthesized targeted chain, confirmed that synthesized
DNAoligo has been successfully inserted into the carrier

for the construction of RANi lentiviral vector (Figure 2).

3.3. mRNA expression changes of GPC3 gene

The 2—AACt
the relative expressive abundance of RT-PCR results

after interfered with GPC3 gene. 24 h after transfection,

method was used to analyse and compare

there was no significant difference of GPC3 expression
between control and transfection group; 48 h and 72 h
after transfection, GPC3 protein level in interference
group was significantly lower than that of control
group (P<0.05); 96 h after instantaneous interference,

GPC3 protein levels were up—regulated in interference
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group and there was no statistically significant difference
compared with control group (P>0.05). According to the
analysis of qPCR, GPC3 mRNA expression level at 48 h after
interference was significantly reduced by 66% compared
to that at 24 h after interference with GPC3/ B —actin
value of 0.18+0.04 (P<0.05). And GPC3 mRNA expression
level after 72 h was reduced by 48% compared with that of
24 h, with GPC3/ B value of 0.3620.07 (P<0.05). While GPC3
mRNA level after 96 h showed no significant differences

compared with that of 24 h (Figure 3).

3.4. Effect of targeted GPC3siRNA on biology behavior of
Huh-7 cell

After transfected Huh-7 cells with the siRNA of GPC3
gene by liposome and silenced the expression of GPC3.
The proliferation (Figure 4), invasion (Figure 5) and
transfer (Figure 6) of Huh-7 cells could be obviously
inhibited and its apoptosis was promoted (Figure 7)
without influencing blank carrier transfection and blank

control groups.
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Figure 6. Migration of cells.
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Figure 7. Apoptosis of cells.

4. Dicussion

At present, the incidence of liver cancer has exceeded
gastric cancer and taken the first place among digestive
tract malignant tumors, accounting for 55% of the total
population around the world, with mortality rates as high
as 45%. Liver cancer seriously harms to human health.
Each year about 110000 people die of liver cancer in
China, accounting for 45% of liver cancer deaths in the
world. Given the features of high malignant degree,
rapid development, poor prognosis, and high mortality of
HCCI1L12], developing the molecular targets becomes an
urgent need for new treatments.

Tumor is caused by abnormal monoclonal hyperplasia
of cells out of control at the gene level due to various
factors. The occurrence and development of tumor
involves a variety of complex processes, including the
abnormal activation of oncogenes and inactivation of
tumor suppressor genesl13l. The occurrence of liver cancer
is related to abnormal biological behavior of cellular
proliferation and apoptosis. Among them, abnormal gene
expression is related to the regulation of cell proliferation
and apoptosis is one of the crucial factors in the process
of tumor formation.

Gene therapy is termed as using DNA transfer to treat
and prevent human disease, of which the viral vector
mediated gene transfer has become the most common
method in tumor gene therapy, with its high transfection
rate and good targeting capacity. On the one hand, it

overcomes disadvantages in traditional tumor gene

Annexin V FITC

therapy such as low transfection efficiency of traditional
tumor gene therapy, weak targetting capacity and low
expressing amount of the antioncogenes. On the other
hand it increases the permeability of the tumor cells, thus
boosting the effects of chemotherapy drugs on tumor cell
damagel14-16],

RNAi is a widely existing process in animals and
plants induced by double-stranded RNA molecules
gene to silence specific sequence at the mRNA level
with high specificity and efficiency. RNAi is a new
technology developed in recent years, it can specifically
and effectively block the expression of target genes,
causing a decomposition of its sequence homology mRNA
molecules in cells, thus interfering with the expression
of corresponding genes(!7l. High efficiency of RNAi
depends on the improvement of transfection efficiency
and optimization of the carrier system. Plasmid mediated
RNAi has certain limitations such as low transfection
rate and short duration, etc. Adenovirus vector is unable
to achieve the long—term stability of gene expression.
Although retrovirus vector has the characteristics of
long—term expression, it is mainly used for transfecting
cells in division phasell8l. In recent years, the lentiviral
vector is widely used as a kind of effective and versatile
gene transfer tool. Tt is an ideal carrier for interference
with high transfection efficiency by integrating into
the host cell genome to realize the stability of the gene
expressionl19.201. In this study, GPC3 siRNA can obviously
inhibit GPC3 gene expression in liver cancer cells,

suggesting that by importing synthetic siRNA specifically
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targeting the cancer gene into the tumor cells can
specifically inhibit the expression of gene.

The occurrence and development process of
the malignant tumor is often accompanied by a
disequilibrium between cell proliferation and apoptosis.
At the same time it also involves abnormal expression and
anomaly inactivation of a variety of apoptosis—regulating
genes. Cell apoptosis is a programmed cell death
process induced by the changes of internal and external
environment, the trigger of cell death signals or gene
regulation. Therefore, further study of the relationship
between proliferation and apoptosis related genes and
their expression products with tumors can help to reveal
the pathogenesis of tumors, which plays an important role

in early diagnosis, prevention and treatment of diseases.
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