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Abstract: Objective: To build vimentin (VIM) interference RNA eukaryotic expression vector and observe hepatoma
HepG2 cell’'s capacity of proliferation, apoptosis, changes of its capability of invasion and transfer after CyclinE
downstream VIM expression is suppressed. Methods: Firstly, CyclinE gene was knocked out by RNA inference; the
changes of HepG2 cell’s capacity of proliferation and level of VIM mRNA and protein were observed. Secondly, eu-
karyotic expression vector of CyclinE downstream VIM interference RNA was built. Thirdly, MTT and Transwell small
chamber were used to detect the change of cell’s capacity of proliferation and invasion after VIM was silent, and flow
cytometry in level of apoptosis. Results: Eukaryotic expression vectors of new biological target VIM interference RNA
were built, namely PVM1 pViM2 pVIM3 gnd PYM4_ CyclinE gene knock-out could prominently suppress HepG2 cell prolif-
eration. Level of VIM mRNA and protein expression was down-regulated after CyclinE-ImRNA was down-regulated.
After VIM expression was down-regulated, HepG2 cell’s capacity of proliferation and invasion were weakened and
apoptosis increased. Conclusion: VIM is involved in proliferation, invasion, leading to more severe cell apoptosis.
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Introduction

Hepatoma is a malignant tumor with a high
worldwide morbidity and high death rate, and
require complex treatment [1]. Hepatoma has
good capacity of invasion and transfer, and is
apt to recur after operation. It is not sensitive
to radiotherapy and chemotherapy, and often
accompanied by unfavorable prognosis [2, 3].
Pathogenesis is not clear yet and there is no
effective early diagnosis method and biological
target for treatment. Current study shows that
proto-oncogene activation and unbalanced cy-
clin regulation exist in hepatoma cell in com-
parison with normal liver cell [4]. As a key cyc-
lin, CyclinE can promote pRB phosphorylation
and combine with cyclin-dependent kinase in-
hibitor to turn cell cycle from phase G1 to S.
Over-expression of CyclinE can shorten phase
G1, advance the time for cell to enter phase S,
impact replication and division of DNA and
centrosome and interfere replication and divi-
sion of cell nucleic acid, giving rise to instable

gene expression and occurrence of tumor [5].
After making CyclinE silent by interfering RNA,
this research group found that protein knock-
out could significantly reduce invasion capaci-
ty of tumor cell and inhibit hepatoma cell prolif-
eration [6, 7]. This shows CyclinE has important
impacts on proliferation, invasion and transfer
of tumor and has the potential to become a new
biological target for tumor treatment. However,
mechanism of action for downstream signal
where CyclinE protein impacts hepatoma cell
proliferation is not clear yet.

Vimentin (VIM) belongs to intermediate filament
fibrin of type lll. It is an important component of
skelemin and plays a key role in maintaining
cell integrity. It is indicated in research of re-
cent years that VIM has certain regulation
effect for several tumor cells with high expres-
sion, such as breast cancer, gastroenteric
tumor, and etc. and tumor cell in processes of
migration, adhesion, epithelial-mesenchymal
transition, etc. [8, 9]. It is found in proteomics
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Figure 1. Effect of cycloneE gene knockdown on
HepG2 cell growth. "P<0.05, compared with HepG2
group; “"P<0.01, compared with HepG2 group;
#P<0.05, compared with PN-HepG2 group; ##P<0.01,
compared with P%°"E-HepG2 group. NC, negative
control.

analysis of hepatoma carcinoma cell with Cy-
clinkE protein being knocked down in the early
stage that silence of CyclinE has important
influences on expression level of VIM, thus VIM
protein is taken as entry point based on
research basis in the early stage so as to inv-
estigate influences of CyclinE protein on rele-
vant mechanisms of hepatoma carcinoma cell
proliferation, invasion, and apoptosis through
VIM protein.

Materials and methods
Materials

Hepatoma cell line HepG2 was purchased from
Shanghai Cell Bank of Chinese Academy of
Sciences with fetal calf serum from Sigma,
DNA incision enzyme and DNA ligase from
MBI, Lipofectamine 2000 transfection kit from
Shanghai Yingjun Company, DNA gel extraction
kit, and agarose. from Tiangen Biotech Co.,
Ltd., Transwell chamber from Corning, Annexin
V-FITC/PI staining kit from Sigma, and CyclinE
antibody (Art. No.10902-RP02-50), VIM anti-
body (Art. N0.100254-T40-50), and GAPDH
antibody (Art. No.100242-T40-50) from Beijing
Sino Biological Inc.

Description for abbreviation of all transfection
plasmids

Plasmid group which was not subject to trans-
fection in the experiment was classified as
HepG2; negative control (NC) plasmid group
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which was subject to transfection-PN°-HepG2
[6]; P%¢inEL plasmid group which was subject
to transfection-P%i"ElHepG2; P plasmid
group which was subject to transfection-PY™-1-
HepG2; P2 plasmid group which was sub-
ject to transfection-PV™2-HepG2; PY™-3 plasmid
group which was subject to transfection-PV™-3-
HepG2; PY™-4 plasmid group which was subject
to transfection-PY™-4-HepG2.

Three experimental groups, respectively Hep-
G2, P'°-HepG2, and P%°"ElHepG2, were es-
tablished according to influences of cycline-E1
gene knock-down on cell proliferation and low-
er VIM expression. Six experimental groups,
respectively HepG2, PN°-HepG2, PYM1-HepG2,
PYM2.HepG2, PYM3-HepG2, and PY™“-HepG2,
were established according to VIM gene kno-
ck-down experiment. Three experimental gro-
ups, respectively HepG2, PN°-HepG2, and PVM--
HepG2 were established according to influenc-
es of VIM gene knock-down on cell prolifera-
tion, apoptosis, and migration.

Construction of interfering RNA of new target
point VIM

Negative controlwas set for Four pairs of VIM-
siRNA target sequences which are interfering
parts are respectively PV™1: 5-CTCTCTGAG-
GCTGCCAACCGGA-3’, P™2: 5'-CTGTGAAGTGG-
ATGCCCTTAAA-3’, P™3: 5'-GAACGCAAAGTGG-
AATCTTTG-3’, and PY™M4 5-CGTCAGCAATAT-
GAAAGTGTG-3’ at the same time for sequenc-
ing and identification.

Transfection of interfering plasmid to HepG2
cell

HepG2 cell were inoculated to six-well plates
one day before transfection so as to set cell
convergence degree at 70% on the very trans-
fection day. Lipofectamine 2000 transfection
cells were used; transfection operation process
were conducted according to instruction for
use of reagent. Cells were digested and collect-
ed 48 h later for follow-up experiment after
transfection.

mMRNA extraction and detection for relative
expression level

Cell was collected, and Trizol method was
adopted to extract the total RNA of cell. Ex-
traction procedure was conducted strictly ac-
cording to kit instruction. PRC primer was
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Figure 2. A. Effect of cyclinE gene knockdown on VIM mRNA expression in
HepG2 cells; B. Effect of cyclinE gene knockdown on VIM protein expression
in HepG2 cells. "P<0.05, compared with HepG2 group; “*P<0.01, compared
with HepG2 group; #*P<0.05, compared with PN-HepG2 group; ##P<0.01,
compared with P¥E-HepG2 group. VIM, vimentin; NC, negative control.

designed aiming at target gene, and RT-PCR
was adopted to detect expression level of tar-
get gene. Upstream and downstream primer
of CyclinE were respectively: 5-ACCAGTTT-
GCGTATGTGAC-3; 5-CTGCTCTGCTTCTTACCG-
3. Upstream and downstream primer of VIM
were respectively: 5-GCGGTGACCTTGAACGC-
AAAGTGGAA-3; B5-TGAGTTCTGTGCTCTCCTCG-
CCTTCC-3'. Upstream and downstream primer
of reference gene GAPDH were respectively
5-CGGGAAACTGTGGCGTGAT-3’; 5-GAGTGGGT-
GTCGCTGTTGA-3. PCR response procedure
was as follows: initial denaturation of 3 min
at 95°C, denaturation for 15 s at 95°C, anne-
aling for 15 s at 62°C and extension for 30 s
at 72°C, 35 circulations in total. After PCR
response, identification for running the gel was
conducted in 1.5% agarose gel and gel imag-
ing system was adopted to analyze relative
expression quantity of target gene. Relative
expression quantity would be the ratio of aver-
age optical density value (IDV) for target gene
and reference gene IDV. Jamming efficiency for
all groups was calculated. Taking CyclinE gene
as example, jamming efficiency for all groups =
(1-(CyclinE mRNA relative expression quantity
for per group)/(CyclinE mRNA relative expres-
sion quantity in HepG2 group)) * 100%.

Extraction of the total protein and western blot

The total protein was extracted from all
groups of cells after transfection and BCA
method was used to detect protein con-
centration. Sample of 50 g protein was taken
to conduct SDS-PAGE electrophoresis, then
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wet-turning method was ad-
opted to transfer protein to
PVDF film. TBST including 5%
skim milk powder was sealed
for 2 h, and target protein
(CyclinE, VIM) and primary
antibodies for b-actin GAPDH
was placed at room tempera-
ture for incubation for 2 h.
Dilution ratio was set at 1:
1,000, and dilution ratio of b-
actin protein GAPDH 1:10,000.
Secondary antibodies marked
with horseradish peroxidase
was incubated for 2 h at room
temperature after TBST rinsing
for 5 times, and it will develop
after TBST rinsing for 5 times.
Gray imaging software (UVP,
UK) was adopted to measure
optical of density value of main
band to calculate expression level of the above
protein in brain tissue.

Detecting multiplication capacity of cell
through MTT method

Five ventral orifices were set per group, and
one group was set as of blank control orifice.
Cells were taken in all groups, and were inocu-
lated in orifice plate with 4 * 10° cell concen-
tration. Then, 20 pL 5 mg/mL MTT liquid was
added into per orifice at 1-5 days. After culti-
vating for 4 hours, old liquid was removed,
200 yL DMSO was added, vibrating for 10 min.
After that, microplate reader was used to de-
tect 490 nm optical density, then it was calcu-
lated and conducted statistical analysis.

Detect cell invasion capability through Tran-
swell test

Cells in exponential phase was digested, and
cell density was re-suspended and adjusted
to be 5 * 10%/mL. Then, 500 yL cell suspen-
sion was added to upper chamber of Trans-
well chamber, and 500 mL DMEM complete
medium was added to lower chamber. Three
ventral orifices were set in per group of cell.
Culture solution in the upper chamber was dis-
carded and cotton swab was used to wipe off
cell on filter membrane after placing cell on
incubator for 12 h. Microscopic counting was
conducted after migrated cell crystallizes into
violet staining, and 5 different visions were
selected for per orifice.
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File: D08.C3081111740_7826 P439-8R  Sequence Name: C5081111740_7826.P439-SR90-1-3.  Run ended: Nov 12, 2008
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AGGCTTGCTGAAGGCTGTATGCTGTCCGGT TGGCAGCCTCAGAGAGTTTTGGCCAC TG ACTGACTCTCTGAG TGCCAACCGGACAGG ACACAAGGCCTG
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Figure 4. VIM mRNA RT-PCR detection of all groups. GAPDH PCR products of the normal HepG2, PN®-HepG2, PVM1-
HepG2, P"™2-HepG2, P'™3-HepG2, P'™4-HepG2 cells were added to the Lanes 1, 2, 3, 4, 5, 6 and 7 respectively;
VIM PCR products of the normal HepG2, PSRN -HepG2, P™1-HepG2, P'™2-HepG2, P"™3-HepG2 and P"™4-HepG2
cells were added to Lanes 8, 9, 10, 11, 12, 13 and 14 respectively; VIM, vimentin; NC, negative control.

Detect cell apoptosis through flow cytometer sd); the mRNA and protein expression levels

of the target genes, and the between-group
Cells in exponential phase was digested into differences of the apoptotic experiment, the
cell suspension, and then was inoculated into Transwell chamber invasion experiment were
6 orifice plates for continuous culturing in adopted two-sample t-test. P<0.05 was was
1.0 * 10%/mL density. After culturing for 24 h, regarded as the test standard, and all data
pancreatin was digested and manufactured from statistical analysis shall be realized by
into cell suspension. Then cell density was using SPSS 19.0 software.

adjusted to 5 * 10%/mL, and 4°C pre-cooling
PBS (pH 7.4) was added for rinsing for 3 times
after respectively taking 2 mL cell suspension
for centrifugation, centrifuge at 1,000 rpm

Results

Effect of CyclinE interfering RNA on HepG2 cell

for 5 min. Cell was re-suspended into 100 uL growth
blinding buffer, successively 5 yL annexin V- Cells in P9"E1.HepG2 group grew slowly from
fluorescein isothiocyanate (Pl) and 5 pL propid- the third day, which was significantly lower than
ium lodide (FITC) were added, slightly shocking that of PN-HepG2 cells and HepG2 cells.
and blending. A total of 400 uL blinding buf- However, the growth rates of PN-HepG2 cells
fer was added after placing at room tempera- and HepG2 cells were not significantly differ-
ture for 15 min keeping out of the sun, immedi- ent, as shown in Figure 1.
ately it was conducted detection on machine,
and cell apoptosis rate was calculated in Effect of CyclinE gene knockdown on VIM
CellQuest analysis software. MRNA and protein expression in HepG2 cells
Statistical analysis The previously-constructed P%¢"&1 plasmid and
transfected HepG2 were adopted-GAPDH as
The quantitative data in this study were all internal reference-to test the expression level
expressed as mean + standard deviation (X * of VIM mRNA and its protein. The results
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Figure 5. Effect of VIM silencing on VIM mRNA expression. A. Comparative analysis of VIM mRNA relative expression
levels of different VIM interference plasmids; B. Comparative analysis of interference efficiency of different VIM
interference plasmids.”P<0.05; "*P<0.001; VIM, vimentin; NC, negative control.
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Figure 6. Effect of VIM gene knockdown on HepG2
cell proliferation. “P<0.01, compared with HepG2
group; *P<0.01, compared with P-HepG2 group;
VIM, vimentin; NC, negative control.

showed that the expression level of VIM mRNA
and protein in P%°"ElHepG2 group were
0.783+£0.057 and 1.272+0.068 respectively,
that of PNC-HepG2 group were 1.407+0.101,
1.664+0.053 respectively and of HepG2 gr-
oup were 1.422+0.087 and 1.694+0.071 res-
pectively, if regarding GAPDH as the referen-
ce. The expression level of VIM mRNA and pro-
tein in P&¢inElHepG2 group was significantly
lower than that in PNC-HepG2 group and
HepG2 group, as shown in Figure 2.

VIM eukaryotic expression vector construction

Double enzyme digestion detection and base
sequence determination showed that all the
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VIM eukaryotic expression vectors and nega-
tive control vectors were identical to the de-
signed sequence, and no abnormality was
found, as shown in Figure 3.

Effect of VIM silencing on VIM mRNA levels

The results show that the calculation method
was using the same VIM, and the interference
efficiency of each group was calculated, as
shown in Figures 4 and 5. It was concluded
that the interference efficiency of PYM1-HepG2
group was the highest, up to 56%; therefore, all
the subsequent experiments adopted this gr-
oup as the experimental group.

Effect of VIM interfering RNA on HepG2 cell
growth

Compared with the control cells, the cells in
PYMLHepG2 group grew slowly from the third
day, and were significantly lower than the PN°-
HepG2 and HepG2 cells. However, the growth
rates of PN°-HepG2 and HepG2 cells were not
significantly different, as shown in Figure 6.

Effect of VIM interfering RNA on HepG2 cell
apoptosis

The apoptosis level of all groups of cells were
detected by flow cytometry and the results
shoed that the apoptosis rate of P™1-HepG2
cells was 26.14+3.82, and that of HepG2 cells
was 8.52+2.13, and of PN®-HepG2 cells was
13.03+2.66. The apoptosis rate of PYM1-HepG2
cells was significantly higher than that of Hep-

Int J Clin Exp Med 2018;11(6):5564-5571
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Figure 7. Effect of VIM interfering RNA on HepG2 cell apoptosis. A. HepG2 group; B. PN-HepG2 group; C. POeinE-L

HepG2 group; VIM, vimentin; NC, negative control.

Table 1. Apoptosis rate of each group

Group Apoptosis rate (mean + sd, %)
HepG2 group 8.52+2.13
PN¢-HepG2 group 13.03+2.66

PYM1.HepG2 group 26.14+3.82"#

Note: “P<0.05, compared with HepG2 group; *P<0.05,
compared with PNC-HepG2 group; VIM, vimentin; NC,
negative control.

Table 2. Numbers of transmembrane cells of
all groups

Number of invasive cells

Group (mean + sd, n)
HepG2 group 78.3£3.2
PN¢-HepG2 group 75.0+£6.0
PYMi.HepG2 group 39.3+1.5"#

Note: “P<0.05, compared with HepG2 group; *P<0.05,
compared with PN-HepG2 group; VIM, vimentin; NC,
negative control.

G2 group and P"°-HepG2 group (P, = 0.0110,
P,=0.0240), as shown in Figure 7 and Table 1.

Effect of VIM interfering RNA on invasion abil-
ity of HepG2 cells

Count the number of transmembrane cells in
12 hours under 200 maghnified visual field, and
the results showed that there were (39.3+1.5)
in PYML.HepG2 group, (78.3+3.2) in HepG2
group and (75.0+6.0) in PN°-HepG2 group. The
number of invasive cells in PVIM1-HepG2 gr-
oup was significantly less than that in HepG2
group and PNC-HepG2 group (P, = 0.0021,
P, =0.0027), as shown in Table 2.
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Discussion

Because cyclin can influence important role of
cell proliferation through regulating cell cycle, it
is used as an important target spot for tumor
therapy at present. It can be researched and
shown through method of RNA interference
and inhibitor block in many researches that
restraining expression of cyclin can restrain
proliferation, migration, and transfer of cancer
cell [10, 11]. CyclinE consists of 395 amino
acids and it will take effect on G1 later period,
however, the exertion of its function can depend
on CyclinE-Cyclindependent kinase2 (CDK2)
compound formed with combination of CDK2
to regulate phosphorylation process of G1
phase and S phase of cell. Our research result
reveals that proliferation of HepG2 hepatoma
cell can be reduced significantly through silenc-
ing CyclinE with RNA interference and it indi-
cates there is important regulatory role of
CyclinE to proliferation of hepatoma cell. Re-
search of Liu et al. also shows doen-regula-
tion of CyclinE can restrain proliferation and
immigration of lymphoma cell [12].

VIM is an important biomarker of Epithelial-
mesenchymal transition (EMT) for tumour and
it can influence biological function of many
tumor cells. Especially, it plays an important
role in invasion and transfer of tumor cancel
[13, 14]. Earlier research shows that cyclin par-
ticipating in generation and development of
EMT has certain influence on expression of
VIM, at the same time, phosphorylation of VIM
protein can influence regulation of cyclin pro-
tein to cancel cycle [15, 16]. We have detected
in the research that VIM mRNA and expression

Int J Clin Exp Med 2018;11(6):5564-5571
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situation of protein after knock CyclinE out. The
result shows that CyclinE knockout can res-
train Vimentin mRNA and expression of pro-
tein, while silence of VIM can reduce invasion
and migration capability of HepG2 cancer, in-
crease apoptosis level of HepG2 cell, and hint
that CyclinE can mediate proliferation, inva-
sion, and immigration of HepG2 cell through
VIM.

In VIM cell, 14-3-3 regulatory protein can be
combined and activity of 14-3-3 protein that
can regulate signal molecule can boost relea-
se of apoptosis factor. Upon silence of VIM,
restrain of 14-3-3 protein has been lost and it
leads to increase of apoptosis [17]. However,
reduction of expression of vimentin can active
caspase3 and then it will be further hydrolyzed
so as to lead agglutination of cell nucleus and
generate nucleus fragment easily. No matter
VIM is hydrolyzed by protease or there is auto-
logous depolymerization so that it forms small
fragments and granulate polymer due to bre-
akage, connection with cell nucleus vanishes
totally or partly, and it leads to apoptosis [18].
Research also shows that caspase4 after be-
ing activated by some factors can degrade
vimentin and destroy compound formed by
vimentin and p53 protein so as to induce cell
apoptosis [19]. Besides, reduction of VIM will
change cell structure without reaching force-
bearing requirement of normal cell skeleton,
and some biological function cannot be com-
pleted with damaging of skeleton and it may
oppress and even destroy some organelles so
as to induce cell apoptosis [20].

Although it explores that there is close rela-
tionship between HepG2 hepatoma cell Cy-
clinE and VIM preliminarily in the Research.
CyclinE can restrain proliferation of HepG2 hep-
atoma cell and VIM plays an important role in
the process with certain limitation. First of all,
related signal pathway and specific function
mechanism of CyclinE for VIM is not explicit and
it can be researched further. Besides, only
related experiments for HepG2 hepatoma cell
is verified in the Research and whether the
atmosphere exists in other hepatoma cells ne-
eds to be further verified. Eventually, it is not
explicit that if there is another regulatory pro-
tein participating in influence of CyclinE for pro-
liferation of HepG2 hepatoma cell.
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In conclusion, with RNA interference technolo-
gy, RNA eukaryotic expression vector of new
CyclinE interference is designed and constru-
cted and it is transfected to HepG2 cell so that
obvious reducing of proliferation capability is
found after reducing of CyclinE expression to
analyze regulatory of CyclinE for VIM expres-
sion. And new RNA eukaryotic expression vec-
tor of VIM interference has been continued to
constructing with increased apoptosis and
decreased invasion capability. It will provide
more deep and detailed materials for function
mechanism of VIM and CyclinE and hepatoma
pathogenesis and experimental basis for early
diagnosis and therapy of hepatoma.
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