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Background and Aim: In our study, we aimed to investigate the effect of ultrasound-
targeted microbubble destruction (UTMD)mediated si-CyclinD1 (CCND1) on the growth of
hepatocellular carcinoma (HCC) cells.

Patients and Methods: Bioinformatics analysis was performed to detect the difference of
CCNDI1 expression of HCC and normal liver tissues. After treatment with UTMDmediated
si-CCND1, the growth and apoptosis of HepG2 cells were detected by flow cytometry, MTT,
EdU staining, colony formation assay, Hoechst 33,258 staining and Western blot analysis.
The growth of HepG2 cells in vivo was also studied via xenograft tumor in nude mice.
Results: CCND1 was highly expressed in HCC tissues and HCC cell lines. UTMDmediated
si-CCND1 could inhibit the growth of HepG2 cells and promote apoptosis via suppression of
the PI3K/AKT signaling pathway. UTMDmediated si-CCND1 could also suppress the
growth of HepG2 cells in vivo.

Conclusion: Our study provided evidence that UTMDmediated si-CCND1 could inhibit the
growth of HepG2 cells and promote apoptosis via suppression of the PI3K/AKT signaling
pathway.

Keywords: hepatocellular carcinoma, ultrasound-targeted microbubble destruction, CCND1,
PI3K/AKT signaling pathway

Introduction

Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer
in adults and is the leading cause of death."*> HCC ranks as the major histological
subtype among primary liver cancers and accounts for 70 to 85% of the total burden
of liver cancers all over the world.®> The incidence of HCC varies greatly among
geographical regions with the highest incidence in Eastern Asia and sub-Saharan
Africa.* The difference in HCC incidence between different geographical regions
and countries is mainly due to different potential risk factors including drinking,
occupational exposure, viral hepatitis as well as non-alcoholic fatty liver.’
Treatment and management of HCC varies according to the stage of the disease.
It is reported that surgery, tyrosine kinase inhibitor and image-guided tumor abla-
tion are the optional approaches for patients with HCC.®’ The prognosis of HCC
remains poor, with only onethird of patients eligible to curative treatments.® Thus, it
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is very urgent for us to find and develop new therapeutic
targets for more effective treatments for HCC patients.

CyclinD1 (CCND1) is a member of the G1 cyclins and
is a main positive mediator of the G1 restriction point, and
the abnormal expression of CCNDI may result in the
proliferation and invasion of tumor cells.” CCNDI is
often highly expressed in cancers and its overexpression
can be attributed to multiple factors such as increased
transcription, translation, and protein stability.'” A pre-
vious study has demonstrated that CCNDI1 plays an
important role in regenerating HCC and many types of
cancers.'' Gene therapy is a promising method to destroy
tumor cells in various cancers, but delivery technology
needs to be improved to achieve clinical application.'?
Ultrasound, known as a diagnostic tool, disturbs cell mem-
branes and enhances genes to enter into cells, while micro-
bubbles (MBs) play important roles in enhancing gene
delivery efficiency, without causing cell damage."
Ultrasound-targeted microbubble destruction (UTMD)
has been used to deliver genes to cells in vitro and
in vivo to treat diabetes and cardiovascular disease in
experimental animal models.'* Because this noninvasive
and site-specific approach to gene delivery could have
significant effect on treating tumors, we tested the general
hypothesis that UTMD-mediated gene delivery could be
used to treat solid tumors. Specifically, we investigated
whether UTMDmediated-si-CCND1
growth in HCC.

retarded tumor

Materials and Methods

Bioinformatics Analysis

The data of CCNDI1 expression from 367 HCC tissues
were downloaded from the Cancer Genome Atlas
(TCGA) database. The data of CCNDI expression from
110 normal liver tissues were downloaded from GTEX
database. Data analysis was performed using online ana-
lysis website http://xena.ucsc.edu/.

Synthesis of CCNDI Overexpression

Vector and Interfering Plasmid

CCND1 small interfering RNA plasmid (pGPU6) (si-
CCNDI-1 and si-CCNDI1-2) and the corresponding nega-
tive control plasmid (scramble siRNA) were synthesized
by Shanghai Genepharma Company (Shanghai, China). By
comparing the silencing efficiency of the two siRNAs, one
with better efficiency was selected for subsequent
experiment.

Preparation of MBs

Cationic lipid MBs were synthesized by ultrasonic dispersion
of polyethylene glycol-40 stearate (1 mg/mL), 1-bisstearoyl
phosphatidylcholine (2 mg/mL), 1.2-bisstearoyl-3-trifluoro-
methylpropane (0.4 mg/mL) and decafluorobutane (all from
Avanti Polar Lipids Inc., Alabaster, AL, USA) in a water
tank. Afterwards, the synthesized MBs were observed and
detected using an inverted microscopy (Eclipse Ti micro-
scope, Nikon, Japan) and Nanosight (Malvern, UK). The si-
CCNDI plasmid was then mixed with the synthesized MBs
at a ratio of 1:50 (w/w) and incubated at 37°C for 30 min.
Then 10 times the volume of Dulbecco’s modified Eagle’s
medium (DMEM) was added to dilute the MB-plasmid
mixture.

Cell Culture and Treatment

Human HCC cell lines HepG2, HHCC, PLC/PRF/5 and
HCCLM3 and human normal hepatocyte (LO2) cell pur-
chased from the Cell Resource Center of Shanghai
Institute of Biology, Chinese Academy of Sciences
(Shanghai, China) were seeded in cell culture dishes at 1
x 10° cells/cm? in RPMI-1640 medium containing 10%
fetal bovine serum (FBS), and DMEM culture medium (all
from Gibco, Grand Island, NY, USA) in a 5% CO, incu-
bator at 37°C for 48 h. When the cell confluence reached
about 80%-90%, the cells were detached using 0.25%
trypsin (Gibco) and subcultured.

The constructed CCND1 small interfering RNA plasmid
(pGPU6) (si-CCND1) and the corresponding negative con-
trol plasmid (scramble siRNA) were transfected into
HepG2 cells using Lipofectamine2000 kit. At the same
time, HepG2 cells with good growth condition were added
with si-CCND1/MB mixture and pretreated for 30 min. The
cells were then treated with ultrasonic therapy instrument
(Fysiomed, Doornstraat, Belgium) with the frequency of 1
MHz and the sound intensity of 0.75w/cm? for 45 s.

Reverse Transcription-Quantitative

Polymerase Chain Reaction (RT-qPCR)

TRIzol (ThermoFisher, Waltham, USA) method was used
to extract total RNA from cells with the ratio of optical
density (0D)260/280 between 1.8 and 2.2. Afterwards,
ABI High Capacity cDNA Reverse Transcription Kit
(ThermoFisher) was used to synthetize cDNA. The pre-
paration steps for quantitative PCR were carried out on
ice. Primers (Table 1) and templates were added to the
PCR tube. The reaction system was: Premix Taq (25 pL),
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Table | Primer Sequences

Genes Forward Reverse

CCNDI GACACCTAGTGCCA AAAGGATAACACG
CGGAAA GGGCAGG

GAPDH AACGACCCCTTCA TCCACGACATACT
TTGAC CAGCAC

cDNA template (2 pL), forward primer (1 pL; 20 uM),
reverse primer (1 pL; 20 uM), and ultrapure water (21 pL).
The PCR (CFX96 Touch™, Bio-Rad, CA) reaction con-
dition was: incubation at 94°C for 5 min, reaction at 94°C
for 30 s, reaction at 56°C for 30 s, extending at 72°C for 3
min with a total of 40 cycles. Data analysis was performed
using ABI SDS version 2.3 software. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as inter-
nal reference.

Western Blot Analysis

The total protein was extracted by a RIPA lysis buffer
containing phenylmethylsulfonyl fluoride (Beytime,
Bejing, China). Standard bicinchoninic acid method
was applied to determine the protein level. The protein
(50 mg) was loaded onto 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and then transferred
to the polyvinylidene fluoride membranes (Amersham
Pharmacia) after electrophoresis. After that, PVDF mem-
branes were incubated with sealing solution (Boster,
Wuhan, China) at room temperature to block nonspecific
binding. Subsequently, the membranes were incubated
with primary antibodies (Table 2) at 4°C overnight, and
then incubated with secondary antibody horseradish per-

oxidase-labeled goat-anti rabbit immunoglobulin G (IgG)

Table 2 Primary Antibodies Used in Western Blot Analysis

Primary Antibodies No. and Company Dilution Ratio
CCNDI ab40754, Abcam 1:5000
Cleaved Cas-3 ab2302, Abcam 1:500
Caspase-3 ab208161, Abcam 1:500
PUMA ab33906, Abcam 1:1000
Cleaved PARP ab32064, Abcam 1:5000
PARP abl91217, Abcam 1:1000
PI3K ab32089, Abcam 1:1000
p-PI3K ab182651, Abcam 1:1000
AKT ab8805, Abcam 1:500
p-AKT ab8933, Abcam 1:500
B-actin ab179467, Abcam 1:5000

(1:2000; ab205718; Abcam Inc., Cambridge, MA, USA)
or goat-anti mouse IgG (1:2000; ab205719; Abcam) at
room temperature for 1 h. The sample was developed by
electrochemiluminescence, imaged using BioSpectrum
gel imaging system (Bio-Rad, Hercules, CA, USA),
and analyzed by Image]J v1.48u software (National
Institutes of Health, Bethesda, Maryland, USA).

Flow Cytometry

After the cells in good growth condition were made into
cell suspension, the cells were cultured with DMEM con-
taining 2 mmoL carboxyfluorescein diacetate succinimidyl
ester (CFSE) (Invitrogen Inc., Carlsbad, CA, USA) for
15-30 min, and then the proliferation ability of cells in
each group was detected; or the cells were added with 5
pL Annexin V-fluorescein isothiocyanate or 5 pL propi-
dium iodide (PI) for incubation in the dark for 10 min after
staining, cell apoptosis was detected.

3-(4, 5-Dimethylthiazol-2-Y1)-2,
5-Diphenyltetrazolium Bromide (MTT)
Assay

The cell activity was tested using the MTT kit (Sigma-
Aldrich, Shanghai, China) and all the operations were
strictly performed in accordance with the instructions.
Then microplate reader (Multiscan, Thermo, USA) was
used to detect the OD value at 490 nm.

Colony Formation Assay

HepG2 cells with good growth in each group were detached
with 0.25% trypsin and seeded in the six-well plates at the
density of 1000 cells/well. After cells were incubated in
a 5% CO, incubator at 37°C for 14 days, the cells were
treated with 75% methyl alcohol for 30 min, and stained
with 0.2% crystal violet. The number of clones was calcu-
lated. The experiment was repeated for three times.

5-Ethynyl-2'-Deoxyuridine (EdU) Assay

The DNA replication ability of HepG2 cells in good
growth condition was detected by Cell-light EQU luminous
detection kit (RiboBio Company, Guangzhou, China). The
cells were treated according to the instructions of EdU Kkit.

Hoechst 33,258 Staining

Chromatin dye Hoechst 33,258 was used to observe chromo-
some condensation and morphological changes in nucleus by
fluorescence microscope (BX50-FLA; Olympus, Tokyo,
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Japan). The cells were fixed in 4% paraformaldehyde and
stained with Hoechst 33,258 at the final concentration of 10
pg/mL for 10 min. Living cells showed normal nuclear size
and uniform fluorescence. Apoptotic cells showed condensed
nucleus or nuclear concentration.

Xenograft Tumor in Nude Mice

Twenty BALB/c mice (4—6 weeks of age, weight 18-25 g)
purchased from the Medical Laboratory Animal Center
(Guangdong Province, China) were stored without specific
pathogens. Then the HepG2 cells with stable silenced
CCND1, scramble siRNA and UTMD-mediated CCND1
were re-suspended in 50 pL phosphate buffer saline, and
then 50 pL matrix glue with the concentration of 5 x 10°
cells/mL was added and subcutaneously injected into each
mouse. The growth of human liver cancer xenografts in
mice was monitored every 5 days, and the tumor growth
was monitored every 3 days after 20 days. The mice were
euthanized by carbon dioxide asphyxiation 35 days after
injection. Animals were operated according to the guide-
lines for the care and use of experimental animals and the
experiment was approved by the institutional ethics guide-
lines for Changchun University of Traditional Chinese
Medicine Affiliated Hospital.

Immunohistochemistry Staining

The tumor sections of liver cancer xenografts from nude
mice (5 pm thick) were stained with anti-PI3K antibody
(1:1000; ab182651; Abcam), anti-p-AKT (1:500; ab8933;
Abcam), Cleaved Cas-3 (1:20; ab2302, Abcam) and anti-
Ki67 antibody (1:500; ab15580; Abcam) at 4°C overnight,
and then reacted with anti-IgG secondary antibody
(1:1000; ab6721; Abcam) for 30 min. 3,3-diaminodiphe-
nylamine (DAB, DA1010, Solarbio, Beijing, China) was
used for visualization. Five fields of 200x magnification
were randomly captured at each repeat using an inverted
microscope (Nikon, Tokyo, Japan).

Statistical Analysis

SPSS 21.0 (IBM Corp., Armonk, NY, USA) was applied
for data analysis. Kolmogorov—Smirnov test showed
whether the data were in normal distribution. The results
were expressed as mean + standard deviation. Comparison
between the two groups was analyzed by unpaired ¢ test,
and comparison among multiple groups was analyzed by
one-way or two-way analysis of variance (ANOVA), and
pairwise comparison after ANOVA was conducted by

Tukey’s multiple comparisons test. p was obtained by two-
tailed test and p < 0.05 indicated significant difference.

Results
CCND1 Was Highly Expressed in HCC

Tissues and Cells

Firstly, the data of 367 HCC tissues from TCGA and 110
normal liver tissues from GTEX database were analyzed by
online tumor data analysis website (http://xena.ucsc.edu/),"”
we found that CCND1 was highly expressed in HCC tissues
(» <0.01) (Figure 1A). Then, the expression of CCNDI in
HepG2, HHCC, PLC/PRF/5 and HCCLMS3 cell lines and
human normal hepatocytes LO2 was detected by RT-qPCR

and Western blot analysis. The results showed that the
expression of CCND1 in HCC cells was significantly higher
than that in LO2 cells (Figure 1B and C). Because the
relative expression of CCND1 in HepG2 cells was the high-
est, HepG2 was selected for the following experiments.

UTMD-Mediated si-CCND| Was

Successfully Transfected

The particle size of the MBs (1.35 ~ 4.62 microns) was
observed by transmission electron microscope and
detected by Nasosight (Figure 2A and B). Firstly, two
synthetic CCND1-siRNAs were transfected into HepG2
cells by Lipofectamine2000, and then the mRNA level of
CCNDI1 was detected by RT-qPCR. The results showed
that si-CCNDI1-1 had higher
(Figure 2C), so si-CCND1-1 was selected for subsequent
experiments. CCND1-siRNA, Scramble siRNA, and MBs
containing si-CCND1 were then added to the well-grown

silencing efficiency

HepG2 cells at a dose of 10 ug/mL, followed by an
ultrasonic treatment of 10 MHz frequency for 45 s. After
48 h, the cells were observed with green fluorescence
under a fluorescence microscope (Figure 2D). The expres-
sion of CCNDI1 in the cells detected by RT-qPCR and
Western blot analysis was significantly lower than that in
the si-NC group, indicating that the transfection was suc-
cessful (Figure 2E and F).

UTMD-Mediated si-CCNDI Inhibited
Proliferation of HepG2 Cells

Previous study demonstrated that abnormal expression of
CCNDI could lead to abnormal cell proliferation.'®
Therefore, the activity of HepG2 cells was detected by MTT
kit. The results showed that UTMD-mediated si-CCND1
inhibited proliferation of HepG2 cells (Figure 3A and B).
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Figure | CCNDI is abnormally upregulated in HCC tissues and cell lines. (A) The CCND| expression level from 367 HCC patients and | 10 healthy normal hepatic tissues
were analyzed by online database. The datasets were obtained from TCGA and GTEX database respectively. (B) The CCND | mRNA level from HCC cell lines and normal
hepatocytes LO2 was detected by RT-qPCR, normalized to GAPDH expression. (C) The CCNDI protein level from HCC cell lines and normal hepatocytes LO2 was
detected by Western blot analysis, normalized to GAPDH expression. Data are expressed as mean * standard deviation, representative of three independent experiments.

One-way ANOVA was used to determine statistical significance. **p < 0.01.

EdU staining can be used for the specific detection of prolif-
erative cells. The cells in the proliferation stage are stained in
red (EdU), and the other cells are stained in blue (DAPI). The
results revealed that EQU positive cells decreased significantly
after si-CCND1 transfection (Figure 3C). Colony formation
assay results presented that the number of cell clones decreased
significantly after treatment of si-CCND1 (Figure 3D).

UTMD-Mediated si-CCND| Promoted

Apoptosis of HepG2 Cells

In order to further detect the effect of UTMD-mediated si-
CCND1 on the growth of HepG?2 cells, we detected the apop-
tosis of HepG2 cells using flow cytometry and Hoechst 33,258
staining. The results showed that UTMD-mediated si-CCND1
enhanced the apoptosis of HepG2 cells (Figure 4A and B).
Besides, apoptosis-related proteins were detected using
Western blot analysis. The results showed that the expression
of apoptosis-related proteins PUMA, Cleaved Caspase-3 and
Cleaved PARP was significantly increased after the treatment
of UTMD-mediated si-CCND1 (Figure 4C).

UTMD-Mediated si-CCND Inhibited
Proliferation of HepG2 Cells by Suppression

of the PI3K/AKT Signaling Pathway

According to the literature, CCND1 upregulated the PI3K/
AKT signaling pathway in non-small cell lung cancer to
promote the malignant degree of the tumor.'” The PI3K/
AKT signaling pathway has been involved, and is related
to the proliferation and apoptosis of HCC cells.'®2°
Therefore, we speculated that there may have the same
results in HCC cell HepG2. The content and phosphoryla-
tion level of AKT/PI3K were detected by Western blot
analysis. The results showed that silencing CCND1 inhib-
ited the activation of the AKT/PI3K signaling pathway

(Figure 5).

UTMD-Mediated si-CCNDI Inhibited

Proliferation in vivo
In order to further evaluate the effect of UTMD-mediated si-
CCNDI1 on the growth of HepG2 cells in vivo, we constructed
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Figure 3 UTMD-mediated si-CCND inhibited HepG2 cell proliferation. HepG2 cells in the si-NC and Lipo-si group were transfected with scramble siRNA and
CCNDI siRNA by Lipofectamine 2000, while HepG2 cells in the UTMD-si group were treated with 10 MHz ultrasound for 45 s after co-culture with synthetic MBs
containing CCND -siRNA. HepG2 cells in the blank group were treated with equal saline as control. (A) HepG2 cell was labeled with CFSE for |5 min, and then
determined by flow cytometry. (B) HepG2 cell viability was measured by MTT analysis. (C) EdU staining and (D) colony formation assays were performed to
determine HepG2 cell proliferation. For EdU staining, positive cell was stained with red. Data are expressed as mean * standard deviation, representative of three
independent experiments. In panels A, C and D, one-way ANOVA was used to determine statistical significance. In panel B, two-way ANOVA was used to determine
statistical significance. *p < 0.05, **p < 0.01.
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Figure 4 UTMD-mediated si-CCND| enhanced HepG2 cell apoptosis. HepG2 cells in the si-NC and Lipo-si group were transfected with scramble siRNA and CCNDI
siRNA by Lipofectamine 2000, while HepG2 cells in the UTMD-si group were treated with 10 MHz ultrasound for 45 s after co-culture with synthetic MBs containing
CCND-siRNA. HepG2 cells in the blank group were treated with equal saline as control. (A) HepG2 cells were labeled with Pl and Annexin-V, and then determined by
flow cytometry for apoptosis index. (B) Representative views of apoptotic cells. (C) Apoptosis-related factors measured by Western blot analysis and protein level
normalized to B-actin expression. Data are expressed as mean * standard deviation, representative of three independent experiments. In panel A, one-way ANOVA was
used to determine statistical significance. In panel C, two-way ANOVA was used was used to determine statistical significance. *p < 0.05, **p < 0.01.
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Figure 5 UTMD-mediated si-CCNDI inhibited HepG2 cell growth by suppression of PI3K/AKT signaling pathway. HepG2 cells in the si-NC and Lipo-si group were
transfected with scramble siRNA and CCND | siRNA by Lipofectamine 2000, while HepG2 cells in the UTMD-si group were treated with |0 MHz ultrasound for 45 s after
co-culture with synthetic MBs containing CCND |-siRNA. HepG2 cells in the blank group were treated with equal saline as control. Western blot analysis was utilizing for
determining PI3K/AKT signaling pathway-related content. For AKT activation, the phosphorylation site was T308, whereas PI3K phosphorylation site was Y607. Data are
expressed as mean * standard deviation, representative of three independent experiments. Two-way ANOVA was used to determine statistical significance. **p < 0.01.

xenograft tumor in nude mice. The growth trend and weight of
HepG?2 cells were evaluated by detecting and recording tumor
growth trend. The results showed that UTMD-mediated si-
CCNDI could inhibit the growth of HepG2 cells in vivo

(Figure 6A and B). The expression of Ki67, p-PI3K and
p-AKT was reduced, while cleaved Cas-3 expression was
elevated after treatment of UTMD-mediated si-CCNDI1

(Figure 6C).
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Figure 6 UTMD-mediated si-CCNDI inhibited HepG2 cell proliferation in vivo. HepG2 cells with stable CCNDI-siRNA and scramble siRNA were inoculated
subcutaneously into BALB/c nude mice at a dose of 5 x 10° per mouse (n = 3 in each group). Tumor growth was measured continuously every 5 days, and 20 days
later, tumor growth was monitored every 3 days. At 35 days post-implantation, the mice were euthanized by carbon dioxide asphyxiation. (A), tumor size; (B), tumor
weight. (C) Tumor sections were obtained and stained with anti-p-PI3K, anti-p-AKT, anti-cleaved Cas-3 and anti-Ki67 antibodies; representative views of p-PI3K, p-AKT,
cleaved Cas-3 and Ki6é7-positive tumor cells and quantification of immunohistochemistry staining. N=3, Data are expressed as meanz standard deviation. In panel A, two-way
ANOVA was used to determine statistical significance, whereas in panels B and C, one-way ANOVA was used to determine statistical significance. *p < 0.05, **p < 0.01.
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Discussion

As one of the most common and fatal cancers in human
beings, the 5-year survival rate of patients with HCC is
very low due to the lack of diagnostic indicators at an early
stage.”! Importantly, it had been highlighted that CCND1
was involved in the progression of HCC, and its overexpres-
sion may be an early event in hepatocarcinogenesis.* It is
reported that UTMD-mediated Foxp3-miRNA/shRNA could
suppress tumor growth of HCC.* In the present study, we
assumed that there might be roles of UTMD-mediated si-
CCNDI in the growth of HepG2 cells in vitro and in vivo.
Collectively, our findings demonstrated that UTMD-
mediated si-CCND1 could inhibit the growth and promote
apoptosis of HepG2 cells via suppression of the PI3K/AKT
signaling pathway.

Deregulation of cell cycle progression is a well-known
and common feature of cancer.”* CCNDI protein acts as
a regulator of cell cycle progression through G1 and
S phases.*® Previous evidences noted that overexpression
or disordered regulation of CCND1 was a driving force in
some human cancers, such as non-small-cell lung cancer
and breast cancer.”*?’ In our study, we pointed out that
HCC tissues and cells showed high CCND1 expression. In
line with our study, Deane et al also revealed that the
increased levels of CCND1 have been associated with
aggressive forms of human HCC.?®

Besides, we also provided evidence that UTMD-
mediated si-CCND1 inhibited proliferation and promoted
apoptosis of HepG2 cells. CCNDI allows cells to accelerate
through promoting the G1/S cell cycle transition and can
thus promote cell proliferation.”’ Additionally, CCND1 can
also indirectly inhibit cell migration by suppression of
epithelial-mesenchymal transition.’® Moreover, CCNDI
overexpression is a common event in many cancers.
Therefore, we could assume that CCND1 downregulation
might be an effective way to slow down cancer progression.
On previous report clarified that CCND1 downregulation
could lead to the inhibited cell proliferation and enhanced
cell apoptosis in glioblastoma cells.*' Further, Xia et al also
noted that overexpression of CCNDI1 could promote pro-
liferation and self-renewal of liver cancer stem cells through
activation of the TGF-beta/Smad signaling pathway.*
Ultrasound MBs are well-known nanobubbles and have
the advantages of high safety, stability and transfection
efficiency.®® Accumulating evidence confirmed that
UTMD can effectively promote gene delivery and has the

practical value of transfection in vivo at the same time.** 37

At present, a large number of studies have confirmed that
UTMD can effectively mediated gene transfer, which has
the advantages of safety, practicability and targeting, and is
one of the main trends of gene therapy.>®**' Consistent with
our study, one report focused on UTMD-mediated suicide
gene and hepatic cancer also demonstrated that the tumor
inhibition rate in the treatment group was markedly higher
compared with that in the control group.** Furthermore, the
present study also noted that the in vitro findings were
further confirmed via in vivo study.

The above antitumor effects were achieved through sup-
pression of the PI3K/AKT signaling pathway. In this study,
Western blot analysis was conducted to detect the expression
of the PI3K/AKT signaling pathway-related proteins.
Interestingly, we found that si-CCNDI could inhibit the
activation of the PI3K/AKT signaling pathway. Presently,
many signaling pathways have been proven to be involved
in the modulation of HCC cell invasion and metastasis, the
PI3K/AKT signaling pathway is one of the classical
pathways.43 PI3K, an intracellular phosphatidylinositol
kinase, is involved in the development of many malignant
tumors, including nasopharyngeal cancer, breast cancer, and
HCC.***® Accumulating evidence showed that PI3K could
decrease the expression of cell apoptosis-related proteins
through the phosphorylation of AKT, which acts as an impor-
tant regulator of cell proliferation.*” Therefore, the suppres-
sion of the PI3K/AKT signaling pathway can arrest more
cells in the G2/M phase related to DNA damage, then result
in cell apoptosis.*®

Conclusion

All in all, our study supported that UTMD-mediated si-
CCND1 could repressed HCC cell growth in vitro and
in vivo through inhibition of the PI3K/AKT signaling path-
way. These results indeed revealed a novel therapeutic target
for tough treatment against HCC. Though our findings offer
therapeutic implication in the treatment for HCC, the effec-
tive application into clinic practice still need future valida-
tion. Other signaling pathways, such as the MAPK pathway,
will be further studied in our future study.
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