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pEGFP-N1-Mediated BTI Expression Inhibits Migration and Cell Cycle Pro-

gression in Hepatocellular Carcinoma HepG2 Cells
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Abstract  Buckwheat, a specialty grain in China, is a common component of food products and medicines.
BTI (Buckwheat trypsin inhibitor) reportedly inhibits tumor cells growth. Laser confocal microscopy, MTT as-
say, wound healing assay, flow cytometry, qRT-PCR, and Western blot were used to investigate the effect of cell
viability, adhesion, migration, apoptosis, and cell cycle after pEGFP-N1-BTI transfected in human hepatocellular
carcinoma HepG2 cells. The pEGFP-N1-mediated BTI expression significantly inhibited proliferation, adhesion,
and migration of HepG2 cells. Meanwhile, the cell apoptosis rates were increased and the cell cycle was arrested.
Moreover, pPEGFP-N1-mediated BTI enhanced the protein expression level of E-cadherin and decreased those of
MMP-2 and MMP-9. The potential mechanism involved the following: p53, p21, p63, and p73 up-regulation; Cy-
clinD1, CyclinE1, and cyclin-dependent kinases (CDK2, CDK4, and CDK7) down-regulation; and arrest of the
HepG2 cells cycle in G, phase.
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HCC (hepatocellular carcinoma) is a malignant
tumor with high incidence, difficult treatment, and
high mortality. Despite recent advances in diagnostic
modalities, the limited treatment remedies for HCC
and the poor prognosis emphasize the importance of
developing an effective treatment for this disease!. In
anticancer drug research, trypsin inhibitors in organ-
isms are found to combine with corresponding prote-
ases through various pathways to inhibit the prolifera-
tion, invasion, and migration of tumor cells, thereby
providing new ideas for the development of anticancer
drugs™.

TI (trypsin inhibitor) belongs to the serine prote-
ase inhibitor family that can inhibit various proteases,
such as trypsin, thrombin, and lysosomal enzymes.
TIs have good antibacterial and anti-insect properties.
It is effective for the treatment of HIV and diabetes.
Meanwhile, TIs help preventing and treating cerebral
ischemia®*. The antitumor activity of TI is interesting.
BBIs (Bowman-Birk inhibitors) derived from the soy-
bean are particularly effective in suppressing carcino-
genesis®. The BBI concentrate is a promising tumor-
preventive agent. In recent years, another inhibitor
identified from buckwheat and belonging to the potato
I-type family has become the focus of research atten-
tion. Buckwheat is an ancient and specialty grain in
China. Buckwheat has many uses in food and medicine
due to its unique chemical and bioactive components.
Several TlIs from buckwheat seeds have been reported,
including BWI-1, which can inhibit T-acute lympho-
blastic leukemia cells'®.

We find a recombinant BTI that can inhibit the
growth of IM-9 cells and MCEF-7 cells in vitro and
induce the apoptosis of tumor cells'™. Notably, it has
no effect on normal human peripheral blood mono-
nuclear cells. The mechanism and effect of BTI on cell
migration and cell cycle progression in tumor cells are
poorly understood.

GFP reporter gene, as a marker used for screening
living cells in tumor gene therapy, provides a simple
observation method. This approach is convenient and

time-saving, with no toxic side effects. It has been

widely used in research works on gene expression
regulation, transgenic animals, protein localization in
cells, and migration change.

In this study, we constructed the eukaryotic
expression plasmid pEGFP-N1-BTI and performed
the liposome-mediated transfection of HepG2 cells.
Laser confocal microscopy was used to observe fusion
gene expression in cells. Furthermore, we investigated
the underlying molecular mechanisms and effects
of pEGFP-N1-BTI on the migration and cell cycle
progression of HepG2 cells. This study aimed to assess
the antitumor efficacy of BTI gene therapy and to
develop a new therapeutic strategy for HCC.

1 Materials and Methods

1.1 Reagents, antibodies and cells

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide] was purchased from Sigma.
pEGFP-N1 was obtained from Clontech. Lipofectami-
ne™ 2000 was purchased from Invitrogen. ECL (en-
hanced chemiluminescence) kit was purchased from
Engreen Biosystem in China. pGEM-T easy vector
was purchased from Promega. Annexin V-FITC apop-
tosis detection kit was obtained from Pharmingen—
Becton Dickinson in USA. BCA Protein Assay Kit was
purchased from Beyotime Institute of Biotechnology
in China. Total RNA isolation kit was purchased from
TaKaRa Biotechnology. SYBR Premix Ex Taq™ was
purchased from QIAGEN. Antibodies against p53, p63,
p73, p21, cyclinD1, CDK2, CDK4, CDK?7, E-cadherin,
MMP-2, and MMP-9 were purchased from Santa Cruz.

The human hepatocellular carcinoma cell line
HepG2, human normal liver cell line HL-7702 were
obtained from the Institute of Cell Research (Shanghai,
China). Cells were cultured in DMEM medium (Gibco,
USA) containing 10% (v/Av) fetal calf serum (Hangzhou
Sijiging, China), 100 U/mL penicillin, and 100 pg/mL
streptomycin at 37 °C and in a humidified 5% CO; at-
mosphere.
1.2 Construction of plasmids and transfection

The sequence of BTI gene was cloned from buck-
wheat by PCR amplification, ligated into the pGEM-T
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easy vector, and then subcloned between the Hind 111/
Bam HI sites of eukaryotic expression vector pEGFP-
N1 (EGFP) to construct the recombinant plasmid pEG-
FP-N1-BTI (BTI-EGFP). HepG2 cells (2x10* cells/
well) in a 24-well plate were transiently transfected
with Lipofectamine™ 2000.

Cells were incubated with 1.0 ug plasmid DNA
(pEGFP-N1 and pEGFP-N1-BTI) and 2.5 pL of Lipo-
fectamine 2000 at room temperature for 5 min. After
48 h, the cell culture medium was aspirated. Cells were
washed with PBS (phosphate-buffered saline) twice
and then fixed with a fixative (70% ethanol formula-
tion, 4% formaldehyde, and 5% acetic acid) for 5 min.
Cells were washed thrice with PBS to remove the fixa-
tive. Then, the transfection efficiency was monitored
by using green fluorescent protein with a FV1000
laser scanning confocal microscope (Olympus, Tokyo,
Japan). The expression of BTI in cells was further
confirmed by Western blot analysis using BTI anti-
body.

1.3 Cell viability assay

To evaluate the cytotoxic effect of BTI, cell viability
was determined by MTT assay. Cells were transfected
with plasmid DNA (pEGFP-N1-BTI) or control plasmid
pEGFP-N1 for 48 h. After treatment, MTT (5 mg/mL)
was added and incubated for 4 h. Following this reac-
tion, the medium was removed, and 150 pL. of DMSO
was added to dissolve the purple dye. The absorbance
at 570 nm was measured using a microtiter plate
reader (Bio-Rad model 550). Cell viability was as-
sessed based on Ds; Experiment group/Ds;y Control
groupx100%.

1.4 Morphological observation

HepG2 cells were planted into 6-well plates and
allowed to attach for 24 h before treatment. Then,
the cells were transfected with plasmid DNA. After
treatment, cells were re-suspended in the fixation
solution (4% paraformaldehyde) for about 10 min and
then stained with DAPI (2 pg/mL) for 5 min. The cell
nuclear morphology was observed by a laser confocal
microscope. Apoptotic cells were evaluated by their

nuclear fragmentation and condensation.

1.5 Flow cytometric analysis

Flow cytometric analysis of apoptosis cells was
performed using an apoptosis detection kit. The cells
were re-suspended in 500 puL of binding buffer, con-
taining 5 pL of fluorescence-conjugated Annexin V-
FITC and PI. The suspension was then incubated for
30 min in the dark. Afterward, the cells were detected
using flow cytometry (FACSCalibur, BD, USA). Data
analysis was performed using Cell Quest software
(Becton Dickinson, San Jose, USA)®.

Cell cycle analysis: the cells were fixed in 70%
cold ethanol, washed with PBS, and then stained with PI
(1 mmol/L) and RNase A (1 mmol/L) in PBS for 30 min
in the dark. Cell distribution in the different phases of
the cell cycle was detected by flow cytometry using
the ModFit LT V3.0 software (Verity Software House,
Topsham, USA)™.

1.6 Cell adhesion assay

HepG2 cells (2x10* cells/well) were seeded into 96-
well plates coated with gelatin and incubated at 37 °C in
5% CO,for 1, 2, 3, and 4 h, respectively. The unat-
tached cells were removed by washing with PBS, and
the adherent cells were fixed in 4% paraformaldehyde
solution. Fixed cells were stained with crystal violet
and then solubilized with 1% SDS. Ds; was measured
using a microplate reader. Results were expressed as
the percentage of total cells, assuming that the adhe-
sion of cells in the control was 100%. All experiments
were carried out in triplicate, and three independent as-
says were conducted.

1.7 Wound healing assay

The effects of EGFP and EGFP-BTI on HepG2
cells migration were tested using in vitro wound healing
assay. HepG2 cells were seeded into 24-well plates and
grown to form a confluent monolayer. After transfec-
tion with recombinant plasmids for 48 h, straight-line
scratch wounds were made on the monolayer with a
sterile pipette tip. Cells were washed twice with PBS
and then incubated in DMEM with 1% serum for 1 day
to exclude the effect of the serum on cell growth. Pho-
tographs were taken at the indicated time points. The

percentage of migration rate was evaluated by compar-
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Table 1 Primers used for qRT-PCR

B 1ER5I(5'—>3" SR 545" 3")

Gene Forward primer (5'—3") Reverse primer (5'—3")

GADPH CCC ATG TTT GTT GTT GGT GTC TCG TAC CAT GAC TCAAGC TTG

p21 TTG ATTA GCA GCG GAA CA TAC AGT CTA GGT GGA GAAACG

p53 GCG CAC AGA GGAAGA GAATC GGC CAACTT GTT CAG TGG AG
CyclinD1 CTG GAT GCT GGA GGT CTG CGA GGA CTG GCATTT TGG AGA GGAAGT GTT
CyclinEl CGT TGC TTC ACT TCT CCT GAA GGG CTT CAACTGTTCC

CDK2 ATC CGC CTG GAC ACT GAG TCC GCT TGT TAG GGT CGT

CDK7 CAC CAT CAC ACATCA AAG CC GCCACT GTT CCT CAG TTG GT

ing the scratch gap among the indicated time points.
1.8 RNA isolation and qRT-PCR

Total RNA was extracted from the cells using
RNA isolation kit. Reverse transcription reaction was
performed using oligo (dT) and AMV-RT reverse tran-
scription enzyme (5 U/uL). qRT-PCR amplification and
detection were performed using the SYBR Premix Ex
Taq™. The primer sequences are shown in the Table 1.

qRT-PCR reaction was performed at 95 °C for
4 min (denaturation), followed by 40 cycles at 94 °C for
10's, 55 °C for 30 s, 72 °C for 60 s, and finally, 72 °C for
5 min. GADPH was used as the reference gene, and the
relative expression levels of the target genes were mea-
sured by the 24/“’ method.
1.9 Western blot analysis

The whole-cell extract was lysed in cold RIPA ex-
traction buffer (1 mmol/L PMSF, 0.5% deoxycholic acid
sodium salt, 0.1% SDS, 1% Triton X-100, 1% aprotinin,
and 1% leupeptin) for 30 min on ice. The lysates were
centrifuged at 12 000 r/min for 15 min at 4 °C, and the
supernatants were collected. Protein concentrations were
measured by the BCA protein assay kit. Proteins were
separated by 10% SDS polyacrylamide gel electropho-
resis and transferred onto a PVDF membrane. After
blocking with 5% non-fat milk in Tween-20 (TBST,
0.1%) at room temperature for 2 h, the membranes
were incubated overnight with the primary antibody at
4 °C and washed five times with Tris-buffered saline
containing 0.05% TBST. Then, the membranes were
incubated with the horseradish peroxidase-conjugated
secondary antibodies for 1 h at room temperature. The

membranes were washed thrice in TBST, after which

they were incubated in an enhanced chemilumines-
cence detection system and exposed to an X-ray film.
1.10 Statistical analysis

Data were presented as the x+s. Statistical analy-
sis was carried out by ANOVA followed by a Dunnett
t-test. The P-values of less than 0.05 (P<0.05) and 0.01
(P<0.01) indicated that the difference was significant
and extremely significant, respectively, compared with
the control. All the figures shown in this article were

obtained from at least three independent experiments.

2 Results
2.1 HepG2 cells by pEGFP-N1-BTI transfected

inhibits cell viability

When HepG2 cells were transfected with pEGFP-
N1 and pEGFP-N1-BTI, the BTI-EGFP protein ex-
pression was directly examined under the laser confo-
cal microscope and further confirmed by Western blot.
Anti-BTI antibody was used to detect the BTI protein.
As shown in Fig.1A, the EGFP protein was highly
expressed in the HepG2 cells. It showed strong green
fluorescence and was evenly distributed throughout
the cells when transfected with the EGFP control. The
green fluorescence was mostly located in the nucleus,
and only a small amount was distributed in the cyto-
plasm of cells transfected with pEGFP-N1-BTI. The
expression of BTI-GFP protein was detected as expect-
ed, whereas no signal was detected in the EGFP con-
trol when the anti-BTI antibody was used for detection
(Fig.1B). These results indicated that the BTI-EGFP
protein was expressed in HepG2 cells.

Meanwhile, morphological changes of HepG2
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cells were observed by using an inverted microscope.
As shown in Fig.1C, the cell body had an irregular
shape and large size when transfected with EGFP con-
trol. Meanwhile, the HepG2 cells showed significant
changes in morphology, as follows: sparse growth,
disordered arrangement, uneven size, condensed cyto-
plasm, and the morphological characteristics of apop-
totic cells when transfected with pEGFP-N1-BTI.
Furthermore, the MTT assay was used to detect
the cell viability when the HepG2 cells were trans-
fected with pEGFP-N1-BTI. The results presented in
Fig.1D indicated that BTI-EGFP could inhibit HepG2

cells proliferation in a time-dependent manner. When

(A) pEGFP-N1

pEGFP-N1-BTI

the cells were transfected with BTI-EGFP for 12 h, the
inhibition rate showed almost no change. At 48 h after
transfection, the inhibition rate reached approximately
35%. In addition, the MTT assay was also used to detect
the effects of BTI on the viability of HepG2 cells and
normal human liver HL7702 cells. After cells were in-
cubated with BTI for 48 h at 37 °C, the absorbance was
measured using a microtiter plate reader at 570 nm. As
shown in Fig.1E, BTI inhibited the survival of HepG2
cells in a dose-dependent manner, and the inhibitory
effects showed statistical significance in the range of
1.25-10 pmol/L (P<0.01), but minimal effects were

observed on the normal human liver 7702 cells’ rate of
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A: the laser confocal microscope was used to observe the expression of green fluorescent protein in cells, the white box in the figure represents the cell

morphology at a field magnification of 60%; B: BTI expression was detected in HepG2 cells using Western blot. B-actin was used as the internal control; C:

cell morphology was observed by the inverted microscope; D: cell viability was measured by MTT assays. *P<0.05, **P<0.01 vs control group; E: cell
viability was measured by MTT assays. *P<0.05, **P<0.01 vs HL7702 cells group.

[El1 pEGFP-N1-BTI4% 3 Hep G240 f5 4RAESE HRIZE (L
Fig.1 The change of viability of HepG2 cells after transfected with pEGFP-N1-BTI
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inhibition.
2.2 pEGFP-N1-mediated BTI expression induces
cell apoptosis

To define whether pEGFP-N1-mediated BTI
expression induced apoptosis of HepG2 cells, we used
DAPI to investigate the changes in the cells’ nuclei.
As clearly shown in Fig.2A, cells transfected with
pEGFP-N1 showed homogeneous staining of their

nuclei. In contrast, when cells were transfected with
pEGFP-N1-BTI for 48 h, apoptotic cells displayed
irregular staining of their nuclei because of nuclear
fragmentation and chromatin condensation.
Simultaneous staining with Annexin V-FITC and
PI distinguished the healthy, early apoptotic, late apop-
totic, and dead cells. After transfection with pEGFP-N1
and pEGFP-N1-BTI for 24 and 48 h, apoptosis in hu-

(A) BT1-EGFP
50 pm 50 pm
Control-24 h EGFP-24 h BTI-EGFP-24 h
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A: the morphological features of nuclei were evaluated by using a laser confocal microscope; B: apoptosis rates of the cells were analyzed using flow

cytometry.

E2 pEGFP-N1-BTIE% %t HepG2 40 R0 R T-HIF2
Fig.2 The change of cell apoptosis on HepG2 cells after transfected with pEGFP-N1-BTI
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man HepG2 cells was detected by flow cytometry. As
shown in Fig.2B, the early and late apoptosis percent-
ages were 0.9 (0.4+0.5)% and 3.8 (1.7+2.1)% when
cells were transfected with pEGFP-N1 for 24 and 48 h,
respectively. However, the apoptosis percentages were
15.8 (9.6+6.2)% and 29.5 (20.9+8.6)% when the cells
were transfected with pEGFP-N1-BTI for 24 and 48 h,
respectively. The results indicated that pEGFP-N1-me-
diated BTI expression induced HepG2 cells apoptosis.
2.3 pEGFP-N1-mediated BTI suppresses the
adhesion and migration of HepG2 cells

Before invasion, malignant tumor cells adhere to
the ECM (extracellular matrix), and such interaction
possibly degrades the ECM. We evaluated the effect of
transfected-BTI on HepG2 cells adhesion. As shown in
Fig.3A, the Dsy values were 0.15, 0.34, 0.56, and 0.73

= EGFP

z

100 A 5 =

80

60 1 *

40 1

Cell adhesion rate /%
*

20 1

©) o >

E-cadherin

MMP-2
MMP-9

B-actin

= BTI-EGFP

BTI-EGFP

when the cells were transfected with pEGFP-N1 for 1,
2, 3, and 4 h, respectively. The Dsy values were 0.14,
0.18, 0.23, and 0.28, and the relative cell adhesion rates
were 93.3%, 52.9%, 41.1%, and 38.1% when the cells
were transfected with pEGFP-N1-BTI for 1, 2, 3, and
4 h, respectively. The data suggested that pEGFP-N1-
mediated BTI significantly reduced the cell adhesion
rate. We detected the migration ability of pEGFP-N1-
BTI transfection via the wound-healing assay. The data
displayed that pEGFP-N1-mediated BTI exhibited de-
creased migration activity at all time points compared
with the pEGFP-NI1 control (Fig.3B). The widths of
the wound were 33.9 and 21.0 um and migration rate
was 38% in the pEGFP-N1 control group. In contrast,
the widths of the wound were 35.5 and 32.5 um and
migration rate was 8.45% in the pEGFP-N1-BTI treat-

(B) 0h 24h

EGFP

D) 30-
' £ EGFP-48 h

B BTI-EGFP-24 h

h

2.5 B BTI-EGFP-48
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Relative density

E-cadherin MMP-2 MMP-9

A: HepG24HJif 55 41 i 7155 i 2 18] 3 B 32 A0 . #P<0.05, S EGFPALAH LU B: 473 MR A 48475 SR 50 AG M 240 3 A2 175 I, C: Western blotAs il 21
M E-F5 5 H, MMP-2FIMMP-9[1) 2R I 34 50, LAB-actiny X} 8; D: E-cadherin, MMP-2FIMMP-9 A% 8 53 7K (1) 5347

A: the adhesion ratio between HepG2 cells and extracellular matrix. *P<0.05 vs EGFP group; B: Wound healing assay was used to evaluate cell migra-

tion; C: the protein expression of E-cadherin, MMP-2, and MMP-9 were measured by Western blot. B-actin was used as internal control; D: the relative

protein levels of E-cadherin, MMP-2, and MMP-9 were analyzed.

[El3 pEGFP-N1-BTI4:5HepG2 4B xS 4B RE M AT 2 A0 S200
Fig.3 The change of cell adhesion and migration of HepG2 cells after transfected with pEGFP-N1-BTI
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ment group. Therefore, pEGFP-NI1-mediated BTI ex- using flow cytometry at 24 and 48 h after transfection.
pression showed high activity in suppressing cell adhe- The percentages of cells in the Gy, S, and G,/M phases
sion and migration. are shown in Fig.4A and Fig.4B. The proportion of
Adherens junctions are mediated by E-cadherin, cells in G, phase increased but significantly decreased
and MMPs (matrix metalloproteinases) play a major in Go/M phase when the cells were transfected with
role in cells migration. To determine whether the E- pEGFP-N1-BTI. Thus, pEGFP-N1-mediated BTI ex-
cadherin and MMPs were involved in the cell adhesion pression could arrest HepG2 cell cycle at G, period.
and migration, Western blot analysis was performed. To further clarify the mechanism of pEGFP-N1-

As shown in Fig.3C and Fig.3D, pEGFP-N1-mediated mediated BTI on HepG2 cell cycle arrest, the expres-

BTI induced E-cadherin protein expression and down- sions of cell cycle key factors were analyzed through
regulated MMP-2 and MMP-9 expressions in HepG2 Western blot and qRT-PCR. Fig.4C-Fig.4E showed
cells. that the pEGFP-N1-mediated BTI up-regulated the ex-
2.4 pEGFP-N1-mediated BTI arrests cell cycle pressions of the pro-apoptotic and cycle arrest factors

To determine whether pEGFP-N1-mediated BTI’s p53, p63, p73, and p21. It down-regulated the cycle-
inhibition of cell growth was due to the blockage of dependent factors CyclinD1, CyclinE1, CDK2, CDK4,
cell cycle progression, cell cycle profiles were detected and CDK7 by blocking the cell cycle, inhibiting cell
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A,B: the change of the cell cycle was detected by flow cytometry; C: the average fold changes on mRNA level of CyclinD1, CyclinEl, CDK2, CDK7,
p21, and p53 were analyzed by qRT-PCR; D: the protein expression of p53, p63, p73, p21, CyclinD1, CDK2, CDK4, and CDK7 were measured by
Western blot; GADPH was used as internal control; E: the relative levels of p53, p63, p73, p21, CyclinD1, CDK2, CDK4, and CDK7 were analyzed.

[El4 pEGFP-N1-BTI14%%HepG24H i 35 20 A B HA K &) #A S 3 F #9521
Fig.4 The change of cell cycle and key factors of HepG2 cells after transfected with pEGFP-N1-BTI
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proliferation, and inducing cell apoptosis.

3 Discussion
HCC is a problem and a challenge to clinical

treatment. More effective treatment methods and strate-
gies are badly needed in the clinic. Tumor gene therapy
is restricted by vectors and gene transfecting methods.
Clinically, liposome-mediated gene transfer is suitable.
Therefore, in the present study, the potential therapeu-
tic effect of pEGFP-N1-mediated BTI against HCC
was evaluated in vitro and its potential mechanism was
explained.

Cell migration and adhesion play a key role in
tumor development, wound healing, and immune re-
sponses. Extracellular Ca** promotes cell differentia-
tion in epidermal keratinocytes by raising intracellular
free Ca*" levels and initiating intercellular adhesion'.
E-cadherin has played a signaling role complementary
to its adhesion capacity and is involved in multiple pro-
cesses, including the establishment of tissue limits and
proliferation, as well as cell migration. The occurrence,
development, invasion, and metastasis of malignant tu-
mors are often accompanied by changes in the expres-
sion of ECM and its cell surface receptors. The deg-
radation of ECM by MMPs is one of the key links of
tumor cell invasion and metastasis. Various malignant
tumors are accompanied by increased secretion levels
and activities of MMPs!"”. MMPs are a family of struc-
turally and functionally related endopeptidases that can
degrade the collagenous and non-collagenous ECM
components. Among MMPs, MMP-2 and MMP-9 play
important roles in malignant tumors development!''l, In
the present study, the data indicated that pEGFP-N1-
mediated BTI expression in HepG2 cells showed high
activity in inhibiting cell proliferation, adhesion, and
migration by inducing E-cadherin expression and de-
creasing MMP-2 and MMP-9 expressions.

An out-of-control cell cycle is an important
cause of carcinogenesis. In cell cycle regulation, the
most important regulation point is between the G, and
S phases. If this regulatory point is abnormal, then

abnormal cell proliferation will lead to tumor forma-

tion. Cell cycle regulation is controlled by a regulatory
subunit (the Cyclin family) and a catalytic component
designated as CDK (Cyclin-dependent kinase)!'?. Cy-
clinD1 is a proto-oncogene involved in the occurrence
and development of tumors and is the most closely
related to tumor proliferation among the cyclins. Over-
expression of CyclinD1 can lead to the dysregulation
of the control points of tumor cells from G, to S phase,
thereby shortening the G, phase. Inhibiting the Cy-
clinD1 expression can inhibit the progression of cells
to the S phase!™. CyclinE1 is an oncogene often being
regarded as an S phase marker, and its overexpres-
sion is associated with tumor invasion. CyclinEl is a
molecular-biological marker for cancer diagnosis and
prognosis monitoring!"¥,

p21 is a very common cyclin-dependent kinase
inhibitor CDKI that can combine with a variety of
Cyclin-CDKs to inhibit cell proliferation. p21 can
enhance DNA repair and can be used to eliminate tu-
mor occurrence caused by the accumulation of DNA
damage. p21 overexpression can significantly inhibit
the rapid proliferation of tumor cells, and it is a key
participant in tumor gene therapy!'?). CDK4 is a cell
cycle-dependent kinase that serves as a key regulator
of cell cycle G;-S phase. CDK4 activation leads to the
increased degradation of p21, which in turn facilitates
CDK2 activation!®,

p33 is a tumor suppressor gene that can inhibit
tumor cell proliferation and induce apoptosis. p53 is
reportedly closely related to HCC occurrence and de-
velopment!'”). p63 and p73, the same as p53, can trans-
activate PUMA and Bax genes, thereby inducing tumor
cell apoptosis. Kim et al"®! find that p53 is important
for HCC cells growth and that p53-regulated PUMA
reduces mitochondrial pyruvate uptake and increases
glycolysis in HCC. Thus, researchers possibly need
to be careful when designing cancer treatment strate-
gies that activate p53. p63 and p73 can control cell
cycle and cell death with mechanisms often similar to
those initially ascribed only to pS3. We confirmed that
pEGFP-N1-mediated BTI arrested HepG2 cells cycle
in the G, phase by involving p53 and p53 family up-
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regulation, CyclinD1, CyclinEl, and cyclin-dependent
kinases down-regulation.

The present study demonstrated that pEGFP-N1-
mediated BTI induced HepG2 cells apoptosis and
G, phase arrest through the activation of p53, p63,
p73, and p21 and by decreasing CyclinD1, CyclinEl,
CDK2, CDK4, and CDK7 expressions. pEGFP-N1-
mediated BTI could promote E-cadherin protein
expression and decrease MMP-2 and MMP-9 expres-
sions. Moreover, cell adhesion was reduced, and cell
proliferation and migration were significantly inhib-
ited. The findings presented in this study are essential
for the further exploration of the BTI gene therapy of
HCC.
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