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Background: Cancer cells could show the characteristics of cancer stem cells (CSCs)
through epithelial-mesenchymal transition (EMT). EZH2 was associated with EMT.
Ultrasound-targeted microbubble destruction (UTMD) could enhance gene transfection effi-
ciency. Here, we explored the effect of UTMD-mediated shEZH2 on liver CSCs.
Methods: EZH?2 expression in liver cancer and the overall survival of liver cancer patients
were analyzed by bioinformatics. Liver CSCs (CD133"HuH?7) were sorted by flow cytome-
try. After transfection of shEZH2 through UTMD (UTMD-shEZH2) or liposome (LIP-
shEZH2), the viability, proliferation, sphere formation, migration, and invasion of
CDI133"HuH7 cells were detected by MTT, colony formation, tumor-sphere formation,
wound healing, and transwell assays, respectively. A mice subcutaneous-xenotransplant
tumor model was established by injecting CD133"HuH7 or CD133 HuH7 cells into the
limbs of mice. Tumor weight and volume were documented. The expressions of EZH2,
EMT-related factors, and STAT3/PI3K/AKT pathway-related factors in CD133"HuH?7 cells
or tumor tissues were detected by RT-qPCR, Western blot, or immunohistochemical.
Results: EZH2 was high-expressed in liver cancer, and the patients with high expression of
EZH2 had a poor survival. CD133" HuH7 cells had higher EZH2 expression, higher
viability, and stronger sphere-forming and tumor-forming abilities than CD133~ HuH7
cells. ShEZH?2 inhibited the viability, proliferation, sphere formation, migration, and invasion
of CD133" HuH7 cells, decreased the weight and volume of the xenotransplant tumor,
inhibited the expressions of EZH2, Vimentin, N-Cadherin, Twist-1, p-STAT3, p-PI3K, and
p-AKT, and increased E-Cadherin expression. UTMD-shEZH2 caused a stronger effect on
CD133" HuH7 cells than LIP-shEZH2.

Conclusion: UTMD-mediated shEZH2 inhibited the stemness and EMT of liver CSCs
in vitro and in vivo through regulating the STAT3/PI3K/AKT pathway.

Keywords: liver cancer, cancer stem cells, ultrasound-targeted microbubble destruction,
epithelial-mesenchymal transition, xenotransplant

Introduction

Liver cancer is one of the most common human malignant tumors, and its incidence and
mortality rates rank top among all malignant tumors." At present, the main approaches
to liver cancer treatment are surgery, liver transplantation, radiotherapy, chemotherapy
and biotherapy.®* Despite advances in the treatment of liver cancer, the long-term
survival of liver cancer patients after treatment is still significantly poor due to the
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high malignancy, rapid progression, and easy recurrence and
metastasis of the disease.”®

Cancer stem cells (CSCs) are stem cell-like cells with
the biological potential of self-renewal, replication, non-
directional differentiation, high tumorigenicity, resistance
to radiotherapy and chemotherapy, and so on.”®* With these
characteristics that maintain and promote tumor growth,
CSCs were considered to be a cause of cancer occurrence,
metastasis, recurrence and treatment resistance.>>'° An
increasing number of studies have proved that there is
a close relationship between epithelial-mesenchymal tran-
sition (EMT) and CSCs."" EMT refers to the phenomenon
that epithelial cells transform into mesenchymal cells in
a specific physiological or pathological state.'? After EMT,
tumor cells lose the characteristics of epithelial cells, and
show the nature of interstitial cells, with enhanced abilities
of invasion and metastasis.'"'> Therefore, during the pro-
gression of EMT, cancer cells can show the characteristics
of CSCs.'"13715 In addition, more and more researches
have reported that EZH2 has a regulatory effect on the
progression of EMT; for example, Zhang et al proved that
EZH2 was a enhancer of EMT in endometriosis;'® Gan
et al reported that EZH2 could induce the EMT and plur-
ipotent phenotype of gastric cancer cells.'” In addition,
EZH2 has also been prove to own the ability to regulate
EMT in pancreatic cancer.'® However, whether EZH2 had
an effect on the progression of EMT in liver cancer
requires more investigation.

As a novel transfection approach, ultrasound-targeted
microbubble destruction (UTMD) has been gradually
widely used in various research.'®?* UTMD refers to the
technology that under the action of ultrasound, microbub-
bles break up and release a large number of microbubbles
which form reversible micropores on the cell membrane
and increase cell membrane permeability, so that exogen-
ous target genes can enter the cell.>' Moreover, it was
reported that UTMD has the advantages of low immuno-
genicity, low toxicity, reusability and easy operation.?'*>

On the basis of these backgrounds, we transfected
UTMD-mediated shEZH2 into liver CSCs to explore
whether EZH2 had an effect on the progression of EMT
in liver CSCs.

Materials and Methods
Ethics Statement

Animal experiments in this research were approved by the

Committee of Experimental Animals of The First

Affiliated Hospital of Zhengzhou University Hospital
(Z20190603G). All experiments involving animals were
performed in The First Affiliated Hospital of Zhengzhou
University.

Cell Culture

Human liver epithelial cell THLE-3 (CRL-11233) and
human liver cancer cells Hep3B (HB-8064) and SK-HEP
-1 (HTB-52) were bought from ATCC (Rockville, MD,
USA). Human liver cancer cells HuH7 (CL-0120) and
LM3 (CL-0278) were bought from Procell (Wuhan,
China, https://www.procell.com.cn/). Human liver cancer
cell MHCC97H was brought from Jennio-bio (Guangzhou,
China, http://www.jennio-bio.com/products detail/

andproductld=217.html). All cells were cultured in com-

plete medium which consisted of RPMI 1640 medium
(C11875500BT, Gibco, MA, USA) containing 10% fetal
bovine serum (FBS; 16140071, Gibco) in a 37°C, humidi-
fied atmosphere with 5% CO,.

Flow Cytometry

Flow cytometry was used to sort liver cancer stem cells
from HuH7 cells. In brief, the HuH7 cells were collected
and resuspended in PBS (C10010500BT, Gibco). Then,
the cells were incubated with the human-specific CD133
antibody (ab19898, Abcam, CA, USA) for 30 min in the
dark. The isotype mouse IgG (ab190475, Abcam) was
used as a control antibody to incubate the cells under the
same condition. Afterwards, the labeled HuH7 cells were
sorted using the flow cytometer (FACS-LSR II, Becton-
Dickinson, NJ, USA). Finally, the freshly sorted and iso-
lated CD133"HuH7 cells were collected and cultured in
RPMI 1640 medium without FBS in a 37°C, humidified
atmosphere with 5% CO,.

Liposome Transfection

ShRNAs for EZH2 (shEZH2; stB0002755A-1-5) and
negative control (shNC; siN0000001-1-5) were synthe-
sized by RIBOBIO (Guangzhou, China). The interference
sequence of shEZH2 was synthesized as 5-CCGGC
CCAACATAGATGGACCAAATCTCGAGATTTGGTC-
CATCTATGTTGGGTTTTTG-3'; the interference
sequence of shNC was synthesized as 5-AATTCTCCG
AACGTGTCACGT-3'. Before transfection, 2.0 x 10°
CD133"HuH7 cells in 2 mL of complete medium were
seeded into a 6-well plate. After the cells reached about
80% confluence, 100 pL of OPTI MEM (31985070,
Gibco) was used to dissolve 2 pg of shEZH2 and shNC;
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meantime, another 100 uL of OPTI MEM was used to
dilute 2 pL of Lipofectamine 2000 (11668019, Invitrogen,
MA, USA). Then the two OPTI MEM solutions were
mixed and incubated for 10 min at room temperature.
After the previous complete medium was discarded, the
CDI133"HuH7 cells in each well were added with the
mixed OPTI MEM, and subsequently added with 1.8 mL
of RPMI 1640 medium for an additional 48-h incubation.
The transfection ways of shEZH2 and shNC into
CDI133"HuH7 cells through Lipofectamine 2000 were
named LIP-shEZH2 and LIP-shNC.

UTMD Transfection

Before transfection, 2.0 x 10° CD133"HuH7 cells in 2 mL
of complete medium were seeded into a 6-well plate.
Normal saline (R21479, OKA, Beijing, China, http://
www.bjoka-vip.com/) was used to dilute SonoVue
(J20130045, Bracco Imaging B.V., Milan, Italy, https://
imaging.bracco.com/) to a concentration of 2x10% bub-

bles/mL. After the confluence of the cells reached about
80%, 200 pL of SonoVue was used to dissolve 2 pg of
shEZH2 and shNC. After the complete medium was dis-
carded, the 200 pL. SonoVue containing shRNAs was
mixed with 1.8 mL of RPMI 1640 medium and subse-
quently added into each well. Then the cells were sub-
jected to ultrasound irradiation at 1 MHz and 1W/cm? for
30 s using a therapeutic AH6 ultrasound machine
(Bandelin, Berlin, Germany). After the cells were cultured
in a 37°C, humidified atmosphere with 5% CO, for 3 h,
the original complete medium was refreshed for an addi-
tional 48-h culture. The transfection ways of shEZH2 and
shNC into CD133"HuH7 cells through UTMD were
named UTMD-shEZH2 and UTMD-shNC.

MTT Assays

CDI133"HuH7 cells transfected with  shRNA,
CD133"HuH7 cells, or CD133 HuH7 cells were seeded
into a 96-well plate, and each well contained 1.0 x 10*
cells in 100 pL of complete medium. After the cells were
grown for 24, 48, or 72 h, the medium was discarded and
100 pL of 0.5 mg/mL MTT (B7777, APExBIO, Houston,
USA) was added to incubate the cells in each well for
4 h. Then 100 pL of DMSO (ST038, Beyotime, Shanghai,
China) was added to each well after the MTT solution was
removed. Finally, the absorbance of each well was mea-
sured at 570 nm with a microplate reader (Imark, Bio-Rad,
CA, USA).

Tumor-Sphere Formation Assay
CD133"HuH7  cells transfected  with  shRNA,
CD133"HuH7 cells, or CD133 HuH7 cells were seeded
into a 6-well plate, each well containing 1000 cells in
2 mL of complete medium. After the cells were cultured
for two weeks, tumor spheres were formed. Finally, the
tumor spheres were observed and documented under an
optical microscope (DM4M, Leica, Solms, Germany) at
a magnification of 200 X. According to the diameters of
the tumor spheres that were calculated using Image J 1.8.0
software, the tumor sphere size was categorised into three
types: 50-100 um, 100-150 pm, and over 150 um.

Colony Formation Assay

CD133"HuH7 cells transfected with shRNA were seeded
into a 6-well plate, each well containing 1000 cells in
2 mL of complete medium. After two weeks of culture,
the medium was discarded and 4% formaldehyde
(P804536, Macklin, Shanghai, China) was added into
each well to fix the formed cell colonies for 10 min.
After removing the formaldehyde, 0.3% crystal violet
(C110704, Aladdin, Shanghai, China) was used to stain
the colonies for 15 min. Subsequently, the stained colonies
were washed three times with PBS to remove the redun-
dant crystal violet. Finally, the colony number in each well
was counted and analyzed using Image J 1.8.0 software.

Wound Healing Assays

CD133"HuH7 cells transfected with shRNA were seeded
into a 6-well plate, each well containing 3.5 x 10° cells in
2 mL of complete medium. After the cells of each well
reached 95% confluence, a vertical wound was created and
2 mL of RPMI 1640 medium without FBS was added into
each well. Images of the vertical wounds in each well were
collected at 0 and 24 h using an optical microscope
(DM4M, Leica, Solms, Germany) at a magnification of
100 x. Image J software 1.8.0 was used to analyze the
images in this assay.

Transwell Assays

CD133"HuH7 cells (1.5 x 10°) transfected with shRNA
were resuspended in 200 uL of RPMI 1640 medium with-
out FBS. The cells were then seeded into transwell cham-
bers (3422, Corning Life Sciences, NY, USA) which were
pre-coated with 200 mg/mL Matrigel (354203, Corning
Life Sciences). And the transwell chambers embedded
into a 24-well plate, with each well containing 700 pL of
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complete medium. After the cells were incubated for24 h,
the inner layer of the chambers was wiped off, and the
cells in the outer layer of the chamber were fixed by 4%
paraformaldehyde and stained with crystal violet at room
temperature for 15 min. Lastly, the number of cells that
invaded to the lower membrane was calculated from four
fields of view under an optical microscope (DM4M, Leica,
Solms, Germany) at a magnification of 250x** Image
J 1.8.0 software was used to count the cells that invaded
the outer layer of the chamber from the inner layer.

Animals and Subcutaneously Xenograft
In this study, 42 six-week-old male BALB/c nude mice
(weight: 20-22 g) were obtained from SLAC Laboratory
Animal Technology (Shanghai, China). All experimental
animals were fed in the same animal feeding unit and main-
tained on a 12 hour dark/light cycle in an SPF-controlled
environment. The animal experiment consisted of two parts.
For the first part, 12 nude mice were selected and ran-
domly divided into two groups (n=6): 10%group and 10*
group. Firstly, CD133"HuH?7 cells and CD133 HuH7 cells
in PBS were mixed with an equal volume of Matrigel
(354248, Corning Life Sciences) to adjust the cell concen-
trations to 1 x 10°/200 pL and 1 x 10%/200 pL respectively.
Then, 200 pL of the mixed solution containing 1 x 10°
CD133"HuH7 cells was subcutaneously injected into the
left hind limb of the mice in the 10° group; while 200 pL
of the mixture containing 1 x 10° CD133 HuH7 cells was
subcutaneously injected into the right hind limb of the mice
in10* group. Meantime, 200 uL of the mixed solution con-
taining 1 x 10* CDI33"HuH7 cells was subcutaneously
injected into the left hind limb of the mice in group 10%;
while 200 pL of the mixture containing 1 x 10
CD133 HuH7 cells was subcutaneously injected into the
right hind limb of the mice in group 10*. After being nor-
mally housed for 42 days, all mice were anesthetized with
2% sodium pentobarbital (50 mg/kg) (B00S, Jiancheng,
Nanjing) and sacrificed by cervical dislocation. Finally, the
subcutaneous tumorigenesis of CD133"HuH7 cells and
CD133 HuH7 cells was documented. During the normally
feeding, the subcutaneous tumorigenesis in the mice was
observed and documented every 7 day: the major diameter
(L) and minor diameter (W) of the tumor were measured and
recorded with a vernier caliper (ASO-CC-1052-22, Asone,
kanto, Japan). Tumor volume was calculated by the formula:
tumor volume = major diameter (L) x (minor diameter)®
(W2 mm’, and the tumor volume changes of each group
of mice were finally presented in the form of a curve.

For the second part, the remaining 30 nude mice were
randomly divided into five groups (n=6): Control group,
LIP-shNC group, LIP-shEZH2 group, UTMD-shNC
group, and UTMD-shEZH2 group. Firstly, CD133"HuH?7
cells, CD133"HuH7 cells transfected with LIP-shNC,
CD133"HuH7 cells transfected with LIP-shEZH2,
CD133"HuH7 cells transfected with UTMD-shNC, and
CD133"HuH7 cells transfected with UTMD-shEZH2 in
PBS were mixed with an equal volume of Matrigel to
adjust the cell concentration to 2 x 10°/200 L. Then,
200 pL of the mixed solution containing 2 x 10’
CD133"HuH7 cells were subcutaneously injected into the
right hind limb of the mice in the Control, LIP-shNC, LIP-
shEZH2, UTMD-shNC, and UTMD-shEZH?2 groups sepa-
rately, and afterwards, the mice were normally housed.
The subcutaneous tumorigenesis in the mice was observed
and documented every other day: the tumor weight was
measured with an AE1202 electronic balance (SOPTOP,
Shanghai, China, http://www.hengping.com/productshow

47.html), and the L and W of the tumor were measured and

recorded. Tumor volume was calculated by the formula:
tumor volume = major diameter (L) x (minor diameter)
(W*)/2 mm?, and the tumor volume changes of each group
of mice were finally presented in the form of a curve.
Finally, all mice were anesthetized with 2% sodium pen-
tobarbital (50 mg/kg) and sacrificed by cervical dislocation
after housing for four weeks, and tumor tissues were then
harvested, weighed, and photographed.

Immunohistochemical

Paraffin (S25190, Yuanye, Shanghai, China) was used to
embed the tumor tissues previously harvested. The tissues
were cut into 4 um thick slices under a microtome (RM2235,
Leica, Solms, Germany) and the slices were further fixed on
a glass slide (P105-2001, MeVid, Jiangsu, China, http://
www.nt-mevid.com/ProDetail.aspx?Prold=54). After depar-

affinization, the tissue slides were incubated with antigen
repair solution (p0081, Beyotime) for 10 min at room tem-
perature, followed by incubation with endogenous peroxi-
dase blocker (BF06060, Biodragon, Beijing, China) for
another 10 min at room temperature. After incubation with
5% FBS for | h at room temperature, the tissue slides were
incubated with E-cadherin (1:100, abl416, Abcam) or
Vimentin (1:500, ab92547, Abcam) antibody overnight at
4°C. The next day, all tissue slides were incubated with
a corresponding secondary antibody (G-21234, 1:500,
Thermo Scientific) for 30 min and treated with the DBA
reagent (SFQO004, 4A Biotech, Beijing, China) for 30 min.
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Then, the tissue slides were treated with hematoxylin
(B25380, Yuanye) for 10 min. Finally, the detected indexes
were observed and documented using an optical microscope
(DM4M, Leica, Solms, Germany) at magnifications of 200 x
and 400 x. Furthermore, the quantification of immunohisto-
chemical assay was evaluated through the ratio of the num-
ber of positive cells to the number of total cells in five
randomly selected fields from each slide.

RNA Extraction and RT-qPCR

Total mRNAs in liver cancer cells and the tumor tissues of
nude mice were extracted using TRIzol (15596, Invitrogen,
MA, USA). In brief, 200 pL and 500 pL of TRIzol was used
to lyse 3.5 x 10° liver cancer cells and 20 mg of tumor
tissues for 15 min at room temperature, respectively. After
the cells were centrifuged for 20 min (14,000 X g), about 200
pL of isopropanol (H822173, Macklin, Shanghai) was
added to the supernatant (about 200 uL), mixed, and cen-
trifuged for 5 min (10,000 x g). Then RNase-free H,
O (RF001, Real-Times, Beijing, China) was used to dilute
the mRNA sediment. EasyScript First-Strand cDNA
Synthesis SuperMix (AE301-02, TransGen Biotech) was
further used to reverse-transcribe the mRNA into cDNA in
the light of the instructions. Then cDNA amplification was
performed using PerfectStart Green qPCR SuperMix
(AQ601-01, TransGen Biotech) and the gene primers in
the QuantStudio6 system (Applied Biosystems, CA, USA),
and the reaction condition was set as: at 94°Cfor 30 s, at 94°
Cfor 30 s for 40 cycles, and at 60°Cfor 30 s for 40 cycles.
Finally, RNA was quantified using the 2**“T method. The
primer sequences are showed in Table 1.

Western Blot Assays

Total protein in liver cancer cells and the tumor tissues of nude
mice were extracted using NP-40 (POO13F, Beyotime). In
brief, 250 uL of NP-40 was used to incubate 3.5 x 10° liver
cancer cells and 20 mg of tumor tissues for 15 min at 4°C. After
the cells were centrifuged for 30 min (14,000xg), the total

Table | RT-qPCR Primers

protein (supernatant) was collected, and its concentration was
subsequently measured using a BCA kit (P0009, Beyotime).
Afterwards, 40 ug of the total protein and 2 pL. of marker
(PR1910, Solarbio, Beijing, China) were added into each lane
on SDS-PAGE gels (P0052A, Beyotime). The protein was
then separated from the gels by electrophoresis at 35 V for
10 min and at 100 V for 90 min, and transferred to PVDF
membranes (ISEQ00010, Millipore, MA, USA) which had
been incubated with methanol (M813895, Macklin). After
being blocked with 5% non-fat milk for 2 h, the membranes
were incubated with the following primary antibodies at 4°C
overnight: EZH2 (1:2000, 85kD, ab186006, Abcam),
E-Cadherin (1:3000, 110kD, abl416, Abcam), Vimentin
(1:1000, 54kD, ab92547, Abcam), N-Cadherin (1:2500,
130kD, ab18203, Abcam), Twist-1 (1:1000, 22kD, ab49254,
Abcam), p-STAT3 (1:2500, 88kD, ab76315, Abcam), STAT3
(1:5000, 88kD, ab119352, Abcam), p-PI3K (1:1500, 85kD,
#4228, Cell Signaling Technology, MA, USA), PI3K (1:1500,
85kD, #4292, Cell Signaling Technology), p-AKT (1:1000,
56kD, ab38449, Abcam), AKT (1:2500, 56kD, ab179463,
Abcam), B-actin (1:5000, 42kD, ab179467, Abcam), and
GAPDH (1:5000, 36kD, ab181602, Abcam). The next day,
the corresponding secondary antibody (1:5000, ab205718,
Abcam) was used to incubate the membranes for 2 h at normal
atmosphere temperature. Finally, after the surface of each
membrane was covered with a developer solution (P0019,
Beyotime), Image Lab 3.0 Software (Bio-Ras, CA, USA)
was used to detect the signal of the membranes and perform
densitometric analysis of the protein.

Statistical Analysis

All data involved in this study were analyzed by Student’s
t-test and one-way ANOVA using SPSS 20.0 software.
LSD and Dunnet’s were still used as post-hoc tests using
SPSS 20.0 software. Statistical data were expressed as
mean =+ standard deviation. P < 0.05 was considered as
statistically significant.

Target Gene Forward Primers, 5'-3’ Reverse Primers, 5'-3’

EZH2 GGACCACAGTGTTACCAGCAT GTGGGGTCTTTATCCGCTCAG
E-Cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
N-Cadherin TCAGGCGTCTGTAGAGGCTT ATGCACATCCTTCGATAAGACTG
Vimentin GACGCCATCAACACCGAGTT CTTTGTCGTTGGTTAGCTGGT
Twist-1 GTCCGCAGTCTTACGAGGAG GCTTGAGGGTCTGAATCTTGCT
GAPDH AGGTCGGTGTGAACGGATTTG GGGGTCGTTGATGGCAACA
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Results
EZH2 Was High-Expressed in Liver

Cancer and Associated with Poor Survival
We first analyzed 369 tissue samples of liver hepatocellular
carcinoma (LIHC) and 160 normal tissue samples retrieved
from the TCGA database through GEPIA (http://gepia.can
cer-pku.cn/index.html) to evaluate the level of EZH2 in
liver cancer, and the analysis results showed that EZH2

was highly expressed in LIHC tissues as compared with
normal tissues (Figure 1A). In addition, we further analyzed
the overall survival of LIHC patients. As shown in Figure
1B, the overall survival of the patients with high expression
of EZH2 was poorer than those with low expression of
EZH2. Mechanically, we detected the expression of EZH2
in a series of liver cancer cell lines (Figure 1C-E). Similarly,
it turned out that the transcription and translation levels of
EZH2 in liver cancer cells were significantly up-regulated
compared with normal liver epithelial cells (THLE-3).
Considering that EZH2 had the highest expression in
HuH?7 cells among the liver cancer cell lines, HuH7 cells
were chosen for the next experiments.

CD133™ HuH7 Cells with High
Expression of EZH2 Had High Viability
and Strong Sphere-Forming and

Tumor-Forming Abilities

Considering that CD133 is a marker of liver cancer stem
cells, flow cytometry was used to sortCD133 " HuH7 cells
(Figure 1F). Tumor sphere formation assay (Figure 1G) was
performed to conduct a long-term culture of CD133 " HuH7
cells with cancer stem cell-like properties. After 14 days of
culture, the cells grew in aggregate clusters, and their size
and number were both increased. These cells were collected
and cultured for use in the following experiments. Then the
expression levels of EZH2 in CDI133"HuH7 cells and
CD133 ' HuH7 cells were further detected. As shown in
Figure 2A-C, the transcription and translation levels of
EZH2 in CD133 HuH7 cells were significantly lower than
those in CD133"HuH7 cells. In addition, the viability of
CD133 HuH7 cells was also lower than that of
CD133"HuH7 cells after culture for 48 and 72 h (Figure
2D). To examine the tumor-forming ability of
CD133"HuH7 cells and CD133 HuH7 cells, the subcuta-
neously xenograft tumor model was established (Figure 2E-
F). It was found that tumors grew in 4 mice which injected
with 1 x 10° CD133"HuH7 cells, no any tumors grew in

mice which injected with 1 x 10> CD133 HuH7 cells,
tumors grew in all mice which injected with 1 x 10*
CD133"HuH?7 cells, only one tumor grew in mice which
injected with 1 x 10* CD133 HuH7 cells (Figure 2E).
Besides, the tumor volume in mice injected with 10°
CD133"HuH?7 cells was bigger than the tumor volume in
mice injected with 10° CD133"HuH7 cells, and the tumor
volume in mice injected with CD133"HuH7 cells was big-
ger than the tumor volume in mice injected with
CD133 HuH7 cells (Figure 2F). Therefore, CD133 "HuH?7
cells were used for further experiments in this study.

The Inhibitory Effect of UTMD-shEZH?2 on
the Viability, Proliferation, and Tumor
Sphere Formation of CD133™ HuH7 Cells
Was Stronger Than That of LIP-shEZH2

To compare the transfection efficiency of UTMD and LIP
and detect the effect of EZH2 on CD133+ HuH?7 cells, we
transfected shEZH2 into CD133" HuH7 cells through
UTMD and LIP. As shown in Figure 3A-C, the gene and
protein expressions of EZH2 were both decreased by LIP-
shEZH2 and UTMD-shEZH2 as compared with LIP-shNC
and UTMD-shNC respectively; and the effect of UTMD-
shEZH2 on EZH2 expression was stronger than that of LIP-
shEZH2, which revealed that the transfection efficiency of
UTMD was better than LIP. Then we detected the changes in
the viability and proliferation of CD133+ HuH?7 cells after
transfection with the two methods. As shown in Figure 3D-
F, the viability and relative colony number of CD133" HuH7
cells were decreased by LIP-shEZH2 and UTMD-shEZH2
as compared with LIP-shNC and UTMD-shNC respectively;
and the effect of UTMD-shEZH2 was stronger than that of
LIP-shEZH2. The results of tumorsphere formation assay
(Figure 3G-I) demonstrated that the number and size of the
tumorspheres of CD133+ HuH7 cells were also decreased
by LIP-shEZH2 and UTMD-shEZH2 as compared with
LIP-shNC and UTMD-shNC respectively; and the effect of
UTMD-shEZH2 was stronger than that of LIP-shEZH2.

The Inhibitory Effect of UTMD-shEZH?2
on the Migration and Invasion of CD 133"
HuH7 Cells Was Stronger Than That of

LIP-shEZH2

We further detected the changes in the ability of CD133+
HuH7 cells to migrate and invade after transfection. As
shown in Figure 4A-B, the relative migration rate of
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Figure | EZH2 was high-expressed in liver cancer and associated with poor survival and CD133" HuH7 cells had a strong sphere-forming ability. (A) The expression of
EZH?2 in liver cancer tissues retrieved from the TCGA database was analyzed using GEPIA (http:/gepia.cancer-pku.cn/index.html) (*P< 0.001, vs T). (B) The overall survival
of liver cancer patients retrieved from the TCGA database was analyzed. (C) The expressions of EZH2 in normal liver epithelial cells and liver cancer cells were detected by
RT-qPCR; GAPDH was used as an internal control (***P< 0.001, vs THLE3).(D—E) The expressions of EZH2 in normal liver epithelial cells and liver cancer cells were
detected by Western blot; B-actin was used as an internal control (¥*P< 0.05, vs THLE3). (F) CD133"HuH?7 cells in HuH7 cells were sorted out by flow cytometry. (G) The
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Abbreviations: LIHC, liver hepatocellular carcinoma; T, tumor tissues.

CD133+ HuH7 cells was decreased by LIP-shEZH2 and
UTMD-shEZH?2 as compared with LIP-shNC and UTMD-
shNC respectively; and the effect of UTMD-shEZH2 on
the migration of CD133" HuH7 cells was stronger than
that of LIP-shEZH2. As shown Figure 4C-D, the relative

invasion rate of CD133+ HuH?7 cells was also decreased
by LIP-shEZH2 and UTMD-shEZH2 as compared with
LIP-shNC and UTMD-shNC respectively; and the effect
of UTMD-shEZH2 on the invasion of CD133" HuH7 cells
was stronger than that of LIP-shEZH2.

OncoTargets and Therapy 2021:14

submit your manuscript

227

Dove


http://gepia.cancer-pku.cn/index.html
http://www.dovepress.com
http://www.dovepress.com

Wu et al Dovepress

1.5+ % 1.5+
< S 3
£ R = 30
€3 £39
E 8101 2 3 1.0-
NE 25
LR (85kDa) 87
.‘Z_' %’.05' AAA m gO.S- AAA
& X g
e’ (42kDa) 2o
©
0.0- N N & o.0- ; T
! sb «Q\$ XQ&Q\ 'Q&Q\
3 3 &
N x> 0'3, O'@
9 S g S
D F
-~ CD133"HuH7
1.5 ! 600 . , .
-®- CD133'HuH7 — -e- CD133" Huh7 10
™
E ~ CD133" Huh7 10*
o 1.0 < 400 .
3 g -E- CD133  Huh7 10
S =]
> —
8 g
O 0.5 5 200
£ < #iH
=]
|—
0.0 . ) ! 0- — T T T T
24h  48h 72h 0d 7d 14d 21d 28d 35d 42d
Day after treatment
E -/- /- +/- +/- +/- +/-

1x10%cells

+/- +/- +/- +/- +/- +/+

1x10*cells

Figure 2 CDI33" HuH7 cells with high expression of EZH2 had high viability and a strong tumor-forming ability. (A) The expressions of EZH2 in CDI33"HuH7 and
CD133 HuH?7 cells were detected by RT-qPCR; GAPDH was used as an internal control. (B—C) The expressions of EZH2 in CD133"HuH7 and CD133 HuH7 cells were
detected by Western blot; B-actin was used as an internal control. (D) The viabilities of CD133"HuH7 and CDI33 HuH7 cells were detected by MTT assay. (E) The
xenograft tumor nude mice model was established by subcutaneous injection of CD133"HuH7 and CD 133 HuH?7 cells.(F) The tumor volume of the xenograft tumor nude
mice was calculated every 7 days. (“'P< 0.01, *"P< 0.001, vs CDI33"HuH7, ¥P< 0.01, **P< 0001, vs CDI33"HuH7 10> *P< 0.01, *#p< 0.001, vs CD133"HuH7 10%.

228 submit your manuscript | www.dovepress.com OnCoTargets and Therapy 202 | : |4

DovePress


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

1.5 0 % 1.0+
< v © S 3
22 s & S £8 00
S 8 101 & & P& gs T
E 5 ox (9 RS N 55 0.6
S T - S
o8 ‘ EZH2 I}...-—l(sskoa) T 8 0.4- it
> 9054 #H# N 4 AAA
58 = © £ 0o
©
0.0~ E 0.0-
& E & & &
FSSdF Ss S S
o o2 2 o o2 2
CE AT T F IS
S S SO
N N
1.5 = Control & 150+
= LIP-shNC ®
LIP-shEZH2 g
—— UTMD-shNC £
g 1.0 -+- UTMD-shEZH2 i 3 1007
T >
> Fekk
8 s M Hith
O ¢.54 S 50+ A
3
2
s
0.0 T T T & o-
24h 48h 72h S & &S
& ¢ a}‘&o’}‘ f,“(‘j’
N & 5
o N
S
Control LIP-shNC LIP-shEZH2 UTMD-shNC UTMD-shEZH2

Control LIP-shNC LIP-shEZH2 UTMD-shNC UTMD-shEZH2
- &O. g N @ B («(/ Y b5
) 5 , N ) s O . @ o ©
» o 9.8 . C e, 6%
S o O @ ) & . e . x
5) oe® ST , coii Vs
®©, 0 9 = R ~
NG @ ~o & &
I - 100 pm ¢ &) 100pm, © 100 pm.

H

200- T 150 >150 ym

5 @ == 100-150 pym
.g 5 wm 50-100 pm
£ & 150 . o,
£ 3 T § § 1001
o ###
§ S 100 g &
£ o 55
Sy £ >
L8 S 8
6 £ 50 4
g 4]
= £

0- =

»
& & 1‘3&‘\\*0«3’3@
& ¢f Mo S
N o S
W N
N s\o,\@

Figure 3 The inhibitory effect of UTMD-shEZH2 on the viability, proliferation, and tumorsphere formation of CD 33+ HuH7 cells was stronger than that of LIP-shEZH2. (A) The
transfection efficiencies of UTMD-shEZH2 and LIP-shEZH2 were evaluated by RT-qPCR; GAPDH was used as an internal control. (B—C) The transfection efficiencies of UTMD-
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Abbreviations: UTMD, ultrasound-targeted microbubble destruction; LIP, liposome; NC, negative control.
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The Regulatory Effect of UTMD-shEZH?2
on the Expressions of EMT-Related
Factors and the Activation of the STAT3/
PI3K/AKT Pathway in CD 133" HuH7
Cells Was Stronger Than That of

LIP-shEZH2

To further verify the effect of EZH2 on CD133+ HuH?7 cells
and the potential mechanisms, we detected the expressions of
key factors. As shown in Figure 5A-D, LIP-shEZH2 and

UTMD-shEZH2 increased the expression of E-Cadherin
and decreased the expressions of Vimentin, N-Cadherin,
and Twist-1 at both the transcription and translation levels
as compared with LIP-shNC and UTMD-shNC respectively;
and the effect of UTMD-shEZH?2 on the expressions of these
factors was stronger than that of LIP-shEZH2. As shown
Figure 5E-F, LIP-shEZH2 and UTMD-shEZH2 both down-
regulated the expressions of p-STAT3, p-PI3K, and p-AKT as
compared with LIP-shNC and UTMD-shNC respectively;
and the effect of UTMD-shEZH2 on the expressions of
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Figure 5 The regulatory effect of UTMD-shEZH2 on the expressions of EMT-related factors expressions and the activation of the STAT3/PI3K/AKT pathway in CD 133+ HuH7
cells was stronger than that of LIP-shEZH2. (A-B) The expressions of E-Cadherin, Vimentin, N-Cadherin, and Twist-| in CD 133" HuH7 cells were detected by RT-qPCR; GAPDH
was used as an internal control. (C-D) The expression of E-Cadherin, Vimentin, N-Cadherin, and Twist-1 in CD| 33* HuH7 cells were detected by Western blot; GAPDH was used
as an internal control. (E-1) The expression of p-STAT3, STAT3, p-PI3K, PI3K, p-AKT, and AKT in CD133" HuH7 cells were detected by Western blot; GAPDH was used as an
internal control. (P< 0.05, ¥P< 0.01, **P< 0.001, vs LIP-shNC; *"P< 0.001, vs UTMD-shNC; *P< 0.05, #P< 0.01, ##P< 0.001, vs LIP-shEZH2).

Abbreviations: UTMD, ultrasound-targeted microbubble destruction; EMT, epithelial-mesenchymal transition; LIP, liposome; NC, negative control.
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these factors was stronger than that of LIP-shEZH?2. In addi-
tion, the ratios of p-STAT3/STAT3, p-PI3K/PI3K, and
p-AKT/AKT presented the same tendencies as p-STAT3,
p-PI3K, and p-AKT did among all groups (Figure 5G-I),
which indicated that shEZH?2 could inhibit the activation of
the STAT3/PI3K/AKT pathway in CD133+ HuH?7 cells, and
the effect of UTMD-shEZH2 was stronger than that of LIP-
shEZH2.

The Regulatory Effect of UTMD-shEZH?2
on the Expressions of EZH2, E-Cadherin,
and Vimentin and the Tumorigenicity of

CD133™ HuH7 Cells in vivo Was
Stronger Than That of LIP-shEZH?2

To verify the above findings in vivo, we further established
the xenograft tumor model by subcutaneously injecting
CD133" HuH7 cells into the nude mice. After the tumors
were harvested, the expression of EZH2 was first detected.
As exhibited in Figure 6A-C, the transcription and translation
levels of EZH2 were inhibited by LIP-shEZH2 and UTMD-
shEZH2 as compared with LIP-shNC and UTMD-shNC
respectively; and the effect of UTMD-shEZH2 was stronger
than that of LIP-shEZH2. In addition, the tumor morphology
(Figure 6D), weight (Figure 6E), and volume (Figure 6F)
were also documented. LIP-shEZH2 and UTMD-shEZH2
also reduced the tumor weight and volume as compared
with LIP-shNC and UTMD-shNC respectively; and the
effects of UTMD-shEZH2 on tumor weight and volume
were stronger than those of LIP-shEZH2 (Figure 6E-F).
Then, the expressions of E-Cadherin and Vimentin in tumor
tissues were detected, and the results revealed that LIP-
shEZH2 and UTMD-shEZH2 up-regulated the expression
of E-Cadherin and down-regulated the expression of
Vimentin as compared with LIP-shNC and UTMD-shNC
respectively; and the effects of UTMD-shEZH2 on the
expressions of E-Cadherin and Vimentin were stronger than
those of LIP-shEZH2 (Figure 6G-H).

The Regulatory Effect of UTMD-shEZH?2
on the Expressions of EMT-Related
Factors and the Activation of the STAT3/
PI3K/AKT Pathway of CD133" HuH7

Cells in vivo Was Stronger Than That of

LIP-shEZH?2
As shown in Figure 7A-D, LIP-shEZH2 and UTMD-
shEZH2 increased the gene and protein expressions of

E-Cadherin and decreased the expressions of Vimentin,
N-Cadherin, and Twist-1 in tumor tissues as compared
with LIP-shNC and UTMD-shNC respectively; and the
effect of UTMD-shEZH2 on the expressions of these
factors was stronger than that of LIP-shEZH2. As shown
Figure 7E-F, LIP-shEZH2 and UTMD-shEZH2 down-
regulated the expressions of p-STAT3, p-PI3K, and
p-AKT in tumor tissues as compared with LIP-shNC and
UTMD-shNC respectively; and the effect of UTMD-
shEZH2 on the expressions of these factors was stronger
than that of LIP-shEZH2. In addition, the ratios of
p-STAT3/STAT3, p-PI3K/PI3K, and p-AKT/AKT had the
same tendency as p-STAT3, p-PI3K, and p-AKT did
among all groups (Figure 7G-I), which further verified
that shEZH?2 inhibited the activation of the STAT3/PI3K/
AKT pathway, and the effect of UTMD-shEZH2 was
stronger than that of LIP-shEZH2.

Discussion

CSCs, with the biological characteristics of self-renewal,
replication, and high tumorigenicity, are considered to be
related to the occurrence, development, recurrence, metas-
tasis and drug resistance of malignant tumors.*** Some
characteristic surface antigens have been found present on
CSCs, such as CD13, CD44, and CD133.>**7 It was
reported that CD133 was widely expressed in leukemia,
liver cancer, lung cancer, prostate cancer and other CSCs,
and could be used to identify and isolate a variety of CSCs
including liver CSCs.?® CD133 functions as an important
marker for CSCs, and has been proved to be closely
related to the occurrence, development and prognosis of
cancers.?’ Therefore, we first sorted CD133" HuH7 cells
in this study. Previous research reported that CD133" liver
CSCs isolated from liver cancer cell lines have a stronger
ability to form tumor and proliferate than CD133™ liver
cancer cells.”**° Consistent with this finding, the CD133"
HuH7 cells sorted in this study also displayed a better
ability to form spheres and proliferate than CD133™
HuH7 cells in vitro and in vivo, which indicated that the
liver CSCs in HuH7 cells (CD133" HuH7) were success-
fully sorted and cultured.

Research has proved that cancer cells could show the
characteristics of CSCs after EMT, a crucial process in
embryo development and cancer invasion and metastasis;
EZH2 was
a regulatory effect on the progression of EMT in different

in addition, widely reported to have

cancers.'®!” EZH2 is a catalytic subunit of polycomb
complex 2, and plays a key role in chromatin structure
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Figure 6 The regulatory effect of UTMD-shEZH2 on the expressions of EZH2, E-Cadherin, and Vimentin and the tumorigenicity of CD133+ HuH7 cells in vivo was
stronger than that of LIP-shEZH2. (A) The expression of EZH2 in the tumor tissues of nude mice was detected by RT-qPCR; GAPDH was used as an internal control. (B—C)
The expression of EZH2 in the tumor tissues of nude mice was detected by Western blot; GAPDH was used as an internal control. (D) The tumor morphology of nude
mice was photographed with a camera. (E) The tumor weights of the nude mice were measured and recorded with an electronic balance. (F) The tumor volume of the nude
mice was measured and recorded using a vernier caliper. (G-H) The expressions of E-Cadherin and Vimentin in the tumor tissues of nude mice were detected by
immunohistochemical (200 and 400% Magnification). (*P< 0.01, **P< 0,001, vs LIP-shNC; *"P< 0.001, vs UTMD-shNC; #P< 0.05, *P< 0.01, *#P< 0.001, vs LIP-shEZH2).
Abbreviations: UTMD, ultrasound-targeted microbubble destruction; LIP, liposome; NC, negative control.
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Figure 7 The regulatory effect of UTMD-shEZH2 on the expressions of EMT-related factors and the activation of the STAT3/PI3K/AKT pathway of CD 133+ HuH7 cells
in vivo was stronger than that of LIP-shEZH2. (A-B) The expressions of E-Cadherin, Vimentin, N-Cadherin, and Twist-1 in tumor tissues were detected by RT-qPCR;
GAPDH was used as an internal control. (C-D) The expressions of E-Cadherin, Vimentin, N-Cadherin, and Twist-1 in tumor tissues were detected by Western blot;
GAPDH was used as an internal control. (E-l) The expressions of p-STAT3, STAT3, p-PI3K, PI3K, p-AKT, and AKT in tumor tissues were detected by Western blot;
GAPDH was used as an internal control. (¥P< 0.01, *%P< 0.001, vs LIP-shNC; *"P< 0.001, vs UTMD-shNC; #P< 0.05, #P< 0.01, *#P< 0.001, vs LIP-shEZH2).
Abbreviations: UTMD, ultrasound-targeted microbubble destruction; EMT, epithelial-mesenchymal transition; LIP, liposome; NC, negative control.
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modification.*' It was also reported that EZH2 was highly
expressed in many diseases including liver cancer.*” In this
study, we further proved that EZH2 had a high expression
level in liver cancer, which arouse our curiosity about
whether the strong tumorigenicity of CD133" HuH7 cells
could be mediated by the regulatory effect of EZH2
on EMT.

We then transfected shEZH2 into CD133" HuH7 cells to
further detect the effect of EZH2 on the stemness (strong
ability to proliferate, form tumor sphere, and migrate) of
CD133" HuH?7 cells. There are many types of transfection
and drug delivery methods, such as liposome-mediated trans-
fection and drug delivery, calcium-phosphate-mediated
transfection and drug delivery, and nanostructure-mediated

transfection and drug delivery,*~*

and liposome-mediated
transfection and drug delivery is the most widely used
method in the laboratory.®> In recent decades, UTMD-
mediated transfection has been discovered as a novel
approach for transfection and drug delivery. However,
although efforts have been made to explore the value of
UTMD in transfection given its advantages of low immuno-
genicity, low toxicity, reusability, and easy operation,*'~*
more research on UTMD-mediated transfection is still
needed to ensure its effect. In this study, therefore, we
employed both liposome transfection and UTMD to transfect
shEZH?2 into CD133" HuH7 cells, and found that UTMD had
a higher transfection efficiency than liposome transfection,
which was consistent with previous research.>® In addition,
we also found that shEZH2 decreased the strong ability of
CD133" HuH7 cells to proliferate and form tumor spheres
in vitro, and reduced the weight and volume of the xeno-
transplant tumor in vivo, which confirmed that EZH2 did
play a key role in regulating the tumorigenicity and stemness
of CD133" HuH?7 cells. We then detected the migration and
invasion of CD133" HuH7 cells, and the results further
revealed that shEZH2 decreased the ability of CD133"
HuH7 cells to migrate and invade; what’s more, the effect
of UTMD-mediated shEZH?2 was stronger than that of lipo-
some-mediated shEZH2. During EMT, cancer cells lost the
characteristics of epithelial cells and obtained the nature of
mesothelial cells, which enhanced the invasion and metasta-
sis abilities of cancer cells.' Therefore, cancer cells would
show the characteristics of CSCs after EMT; besides, these
CSCs would lose the markers for epithelial cells (such as
E-Cadherin) and further express the markers for mesothelial
cells (such as N-Cadherin, Vimentin, and Twist-1)."> In this
study, we found that shEZH2 decreased the expressions of
N-Cadherin, Vimentin, and Twist-1 while increasing that of

E-Cadherin in both CD133" HuH?7 cells and xenotransplant
tumor tissues. These results confirmed that EZH2 regulated
the progression of EMT both in vitro and in vivo during
which the characteristics of CSCs in CD133" HuH7 cells
were potentiated, which further verified the regulatory effect
of EZH2 on the tumorigenicity and stemness of CD133"
HuH7 cells. Furthermore, the effect of UTMD-mediated
shEZH2 on the progression of EMT in CD133" HuH7 cells
was stronger than that of liposome-mediated shEZH2.

The mechanism of CD133 * cells in maintaining the
characteristics of stem cells as well as the regulatory
EMT have
discussed.'**” Many genes and related signal pathways

mechanisms  of been  substantially
are found involved in the gene expression profile of
CD133 " subpopulation of various tumors, including the
STAT3/PI3K/AKT pathway.'**® In addition, the STAT3/
PI3K/AKT pathway was also closely related to EZH2-

3139 To  understand the

mediated EMT progression.
mechanism revealed in this study more clearly, or at
least partly, we detected the activation of the STAT3/
PI3K/AKT pathway in both CD133" HuH7 cells and
xenotransplant tumor tissues, and the results exhibited
that shEZH2 inhibited the activation of the STAT3/PI3K/
AKT pathway both in vitro and in vivo. In addition, the
effect of UTMD-mediated shEZH2 on the STAT3/PI3K/
AKT pathway was stronger than that of liposome -
mediated shEZH2.

However, there are some other limitations in our cur-
rent study that should be noted. Only one cell line was
used in the in vitro experiments, if the current discoveries
were proved in two or more cells lines, the results would
be more convincing. Also, we solely centered on the role
of EZH2on liver CSCs in vitro, but the effects in vivo
needed to be addressed in detail. Future researches, there-
fore, are urgently required.

To sum up, through the investigation of the effect of
EZH2 on CD133" HuH7 cells based on the two types of
transfection method, we not only proved the effect of EZH2
on liver CSCs, but also confirmed that the efficiency of
UTMD-mediated transfection is better than LIP-mediated
transfection; and these findings indicate that both UTMD-
mediated transfection and drug delivery might be developed
into promising methods for the treatment of diseases.

Conclusions

Based on the findings in our present research, we could
conclude that UTMD-mediated shEZH2 inhibited the
stemness and EMT of CD133" HuH7 cells.
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