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Abstract. Gene therapy is a potentially viable approach for
treating hormone-refractory prostate cancer (HRPC), it
requires efficient delivery systems and a target gene. Inducing
carcinoma cell apoptosis by inhibition of heat shock protein 70
(HSP70) overexpression has been emerging as an attractive
strategy for cancer therapy. In our study, the high tumor-specificity of human telomerase reverse transcriptase (HTERT)
expression prompted the use of an HTERT/cytomegalovirus
(CMV) chimeric promoter to drive HSP70-ShRNA expression to induce HRPC 22RV1 cell apoptosis. At the same time,
sonoporation induced by ultrasound-targeted microbubble
destruction (UTMD) was utilized for delivery of plasmid
loaded with HTERT/CMV promoter. Our results indicated
the combination of sonoporation, low-dose liposomes and
HTERT/CMV chimeric promoter as a delivery system has
the potential to promote efficient gene transfer with lower
cytotoxicity.
Introduction
Gene therapy is a hopeful therapeutic approach for prostate
cancer. HSPs as molecular chaperones and anti-apoptotic
proteins are a set of highly conserved proteins (1) which are
overexpressed in cancer cells against harmful physiological
and environmental insults, the cytoprotective functions of
HSPs are necessary to maintain cancer cells survival (2,3).
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HSP70 has been shown to block a caspase-independent cell
death through its association with apoptosis inducing factor
(4). Its overexpression has been shown to increase the tumorigenicity of cancer cells while HSP70 downregulation strongly
decreases tumorigenicity (5,6). Thus targeting HSP70 can
lead to cell inactivation by permitting programmed cell
death. Tissue or cell specific promoters represent one of the
main methods of gene targeting. The HTERT promoter has
been widely used to drive various apoptotic genes for cancer
gene therapy, which is highly active in cancer cells while was
very low expression in normal cells or benign tumors (7-9). In
our study, targeting HSP70 gene to cancer cells by HTERT/
CMV promoter it was expected that selective expression of
HSP70-ShRNA in 22RV1 cells could extensively reduce
HSP70 expression without significant toxicity for normal
cells.
UTMD technology has been proven as a promising
method for gene delivery (10,11). Sonoporation induced by
UTMD describes the increase in the permeability of cell
membranes, which introduces the genetic material into
cells or tissues with high spatial and temporal specificity,
but with minimal toxicity (12). In our study, with the help
of sonoporation and less quantity of liposomes, the plasmid
pSilencer4.1-EGFP loaded with HTERT/CMV and HSP70ShRNA was efficiently and safely tranferred into the 22RV1
cells under our optimized experimental condition. Higher
transfection and apoptosis efficiencies revealed that the
ShRNA delivery system might be used for cancer therapy
research in the future.
Materials and methods
Construction of plasmids with luciferase reporter gene. The
silencing plasmid vector pSilencer4.1-HTERT/CMV-HSP70ShRNA-EGFP was constructed by R&S Biotechnology Co.,
Ltd. (Shanghai, China), the other 2 vectors pSilencer4.1-HTERT/
CMV-EGFP and pSilencer4.1-CMV-HSP70-ShRNA-EGFP
were also synthesized as control.
A 238-bp core sequence (-217-20 bp upstream, following
genebank NM_198253) was the candidate for driving HSP70ShRNA expression and the sequences of HSP70-ShRNA
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were designed as follows according to genebank L12723.1.
HSP70-F, 5'-TGCTGACACCAGGCTGGTTGTCAGAAGT
TTTGGCCACTGACTGACTTCTGACACAGCCTGGTGT
-3'. HSP70-R, 5'-CCTGACACCAGGCTGTGTCAGAAGTC
AGTCAGTGGCCAAAACTTCTGACAACCAGCCTGGT
GTC -3'.
Cell culture. Human prostate carcinoma cells 22RV1 were
maintained in RPMI-1640 medium containing 10% FBS,
penicillin (100 U/ml) and streptomycin (100 µg/ml) at 37˚C in
a humidiﬁed incubator with 5% CO2. Normal human prostatic
epithelial cells RWPE-1 were maintained in a serum-free
culture medium K-SFM, cells were purchased from Chinese
Academy of Sciences and Cell culture reagents were all
purchased from Gibco (USA).
Detection of the plasmid function. In this expriment, 3 vectors
were, respectively transfered into 22RV1 and RWPE-1
cells for the verification of their function with the help of
Lipofectamine 2000 (Invitrogen, USA). 22RV1 and RWPE-1
cells were plated on a 12-well plate at a density of 1.5x105 cells/
well. After 48 h of incubation, the medium was replaced by
fresh medium RPMI-1640 without FBS or K-SFM, 250 ng
(1 µl) different vector recombinations (replaced by PBS in the
control group) and 1 µl Lipofectamine 2000 were added to
the cells, then the mixture volume per well was supplemented
to 250 µl with culture medium. After 6 h of incubation, the
mixture was replaced by 1 ml fresh medium RPMI-1640 with
10% FBS or K-SFM for another 48 h. Fluorescent microscope
(Zeiss, Axiovert S100, Germany) was used for observation and
quantitative analysis of EGFP expression, and estimated using
a FACSCalibur flow cytometer (Becton-Dickinson, Franklin
Lakes, NJ, USA).
Real-time PCR. To establish silencing effect of different
vectors at the HSP70 mRNA level, a real-time PCR analysis of
22RV1 cells was carried out. The total RNA was extracted
from the different groups after 48 h of transfection. Then,
reverse transcription to synthesize cDNA was achieved using
First Strand cDNA Synthesis kit (Takara, Tokyo, Japan).
Real-time PCR was performed with cDNA by using the
SYBR® Premix Ex Taq™ kit (Takara). The final results were
evaluated by 2 -∆∆ CT analytical method. The PCR primer
sequences are as follows: HSP70-F, 5'-TACTGTGGACCTGC
CAATCG-3'. HSP70-R, 5'-CATTCCGCTCCTTCTCCA
GTT-3'. Internal standardization, GAPDH-F, 5'-CTTAGCAC
CCCTGGCCAAG-3'. GAPDH-R, 5'-GATGTTCTGGAGA
GCCCCG-3'.
In vitro study
Cell culture. 22RV1 cells were maintained and prepared as
descibed above.
Ultrasound exposure protocol. A therapeutic US machine
(Physiomed, Erlangen, Germany) was used, the area of the
probe (1 MHZ) was ~5 cm 2. The groups were exposed to
optimized ultrasound conditions (power, 0.8 W/cm 2; 20%
duty cycle; exposure time, 1 min). The SonoVue powder
(Bracco, Milan, Italy) was mixed with 5 ml saline. After
shaking for 30 sec, white galactoid microbubble suspension

was prepared, which was added into the different groups for
simultaneous ultrasound irradiation.
Experimental groups. After the function of pSilencer4.1HTERT/CMV-HSP70-ShRNA-EGFP was verified, 22RV1
cells were divided into the following 5 groups for gene
transfection experiment. The control group a, 22RV1 cells
with 52 µl PBS; the control group b, 22RV1 cells with 1 µl
plasmid + 51 µl PBS; the control group c, 22RV1 cells with
1 µl plasmid + 1 µl Lipo 2000 + 50 µl PBS; the control
group d, 22RV1 cells with 1 µl plasmid +1 µl PBS+50 µl
SonoVue microbubble + ultrasound; the test group e, 22RV1
cells with 1 µl plasmid + 1 µl Lipo 2000 + 50 µl SonoVue
microbubble + ultrasound. Then the mixture volume per well
was supplemented to 1 ml with culture medium and the ﬁnal
concentration of the microbubble was adjusted to 20% in the
groups. All experiments were carried out in triplicate.
Transfection. We compared the cellular uptake efficiencies of
different cell groups. The tranfection experiment was carried
out. After 6 h of different mixture incubation, the mixture was
replaced by 1 ml fresh medium RPMI-1640 with 10% FBS for
another 48 h. Fluorescent microscope and FACSCalibur flow
cytometer was used for evaluation of EGFP expression.
Detection of apoptosis by flow cytometry. Phosphatidylserine
(PS) externalization is one of the main event during cell early
apoptosis. To detect PS externalization, transfected cells
were harvested by trypsinization and washed twice with PBS
after 48 h of transfection. Washed cells were resuspended in
200 µl binding buffer. Annexin V-PE was added according to
the manufacturer's instructions (Biosea Biotechnology Co.,
Ltd., Beijing, China). After incubation for 20 min at room
temperature, 400 µl binding buffer was added and samples
were immediately analysed on a FACSCalibur ﬂow cytometer
(Becton-Dickinson) with excitation using a 495-nm argon ion
laser.
Real-time PCR. To compare silencing effect of the 5 groups at
the HSP70 mRNA level, a real-time PCR analysis of 22RV1
cells was carried out after 48 h of transfection, the methods
was as stated above.
Western blot analysis. Total protein extracts of each cell group
were resolved by 10% SDS-PAGE and transferred on PVDF
(Millipore) membranes. After blocking, the PVDF membranes
were washed 3 times for 10 min with TBST at room temperature and incubated with primary antibody (rabbit anti-human
HSP70 and caspase-3 antibody; 1:1,000, Epitomics, USA).
Following extensive washing, membranes were incubated with
secondary peroxidase-linked goat anti-rabbit IgG (1:5,000,
Epitomics) for 2 h. After washing 3 times for 10 min with
TBST at room temperature once more, the immunoreactivity
was visualized by ECL kit (Biosea) and membranes were
exposed to Kodak XAR-5 film (Sigma-Aldrich, USA).
Cell toxicity assay. 22RV1 cells were plated on a 96-well plate
at a density of 8x103 cells/well and divided into 5 groups after
24 h of incubation. The control plasmid pSilencer4.1-HTERT/
CMV-EGFP was selected to avoid ShRNA silencing effect. We
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performed CCK8 test 2 h after cells were differently treated to
measure the transient cytotoxicity of UTMD and less quantity
of Lipofectamine 2000. CCK8 solution (10 µl) was added to
100 µl fresh culture medium and incubated for an additional
4 h, the absorbance was determined at 450 nm wavelength.
Cell Counting kit-8 was purchased from Dojindo (Japan).

Figure 1. Intracellular uptake of different plasmid recombinations after
48 h of transfection. (A) Panel 1, white light images of 22RV1; panel 2, a2,
b2, c2 and d2, fluorescent images of PBS, CMV-ShRNA, HTERT/CMVShRNA, HTERT/CMV groups. (B) Panel 1, white light images of RWPE-1;
e2, f2, g2 and h2, fluorescent images of PBS, HTERT/CMV-ShRNA,
HTERT/CMV, CMV-ShRNA groups. (C) Comparison of mean transfection
percentage of 8 groups using flow cytometry. The quantity of ﬂuorescence in
HTERT/CMV group was the highest for 22RV1; CMV-ShRNA group was
the highest for RWPE-1 (*p<0.05), while there was no statistical difference
between HTERT/CMV group and HTERT/CMV-ShRNA for 22RV1 and
RWPE-1.

In vivo studies
Animal preparation. To further determine the role of this
delivery system, animal experiments were carried out.
Untransfected 22RV1 cells were trypsinized and suspended
in PBS (5x106 cells per 100 µl) and then inoculated subcutaneously into the right flank of Balb/c female nude mice. Tumor
formations were observed in nude mice 2 weeks after injection.
All animals were treated, maintained and sacrificed in
accordance with the policies stated in the ARVO Statement
for the Use of Animals in Ophthalmic and Vision Research
and with the guidelines approved by national and local
institutions. When the average tumor diameter reached
5 mm, mice were randomly divided into 5 groups (n=8 per
group) and were treated in the following groups: the control
group a, tumor injected with 100 µl PBS; the control group b,
tumor with 20 µl (10 µg) plasmid + 80 µl PBS; the control
group c, tumor with 20 µl plasmid + 5 µl Lipo 2000 + 75 µl
PBS; the control group d, tumor with 20 µl plasmid + 55 µl
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Figure 2. Real-time PCR analysis for relative HSP70 mRNA level of 22RV1
treated with different plasmids after 48 h of transfection, the HSP70 mRNA
level of HTERT/CMV-ShRNA group was the lowest (*p<0.05), there was
no difference between PBS group and HTERT/CMV group (ns, not significant).

PBS + 25 µl microbubble + ultrasound; the test group e, tumor
with 20 µl plasmid + 5 µl Lipo 2000 + 25 µl microbubble +
ultrasound + 50 µl PBS.
The groups were exposed to optimized ultrasound conditions (power, 2.0 W/cm 2; 20% duty cycle; exposure time,
2 min). Half of the mice were sacrificed on day 2 after being
treated and the tumors were removed. Half of the mice were
differently treated for the second time 3 days after the first
injection and sacrificed 3 weeks later. The short and long
diameters of the tumors were measured and tumor volumes
(mm 3) were calculated by the formula: tumor volume =
width2 x length x 0.52.
Morphological evaluation. Sections of each tumor were
collected and fixed in the glutaraldehyde. The ultrastructure
variation of the treated tumors was observed using transmission electron microscopy (Hitachi H-600, Japan) at Shanghai
Medical College of Shanghai Jiao Tong University.

Immunohistochemistry. Sections of each tumor were fixed
in 4% paraformaldehyde and embedded in paraffin blocks.
Sections (4 µm) were used for immunohistochemical
examination. HSP70 and caspase-3 protein expression of
tumor tissues were detected using standard avidin-biotin
immunohistochemical techniques with use of anti-HSP70
and anti-caspase-3 antibody (1:200, Epitomics) according to
the manufacturer's instructions. The staining was observed
by microscopy (Zeiss, Axioplan 2 Imaging). The result was
quantitatively analyzed by the Image-Pro Plus Analysis
system (Olympus, Tokyo, Japan) from at least five high power
fields. Relative protein expresstion level was evaluated with
the average value of optical density (IOD)/field area.
Results
Detection of the plasmid function. Fig. 1A and B showed
the fluorescent images of cellular uptake of different plasmid
recombinations in 22RV1 and RWPE-1. Examination with
flow cytometer showed pSilencer4.1-HTERT/CMV-EGFP had
maximal transfection percentage (16.66±0.73) and little higher
than pSilencer4.1-HTERT/CMV-HSP70-ShRNA-EGFP
(14.92±0.70) (p>0.05) for 22RV1 cells, while the 2 plasmids
showed notable difference, respectively, when compared with
RWPE-1 groups (6.53±0.68, 4.6±0.71) (p<0.05) (Fig. 1C), for
RWPE-1 cells, pSilencer4.1-CMV-HSP70-ShRNA-EGFP had
maximal transfection percentage (12.22±0.73).
To establish the inhibition effect of HSP70-ShRNA for
22RV1, relative mRNA expression levels were evaluated after
transfection. The results showed HTERT/CMV-ShRNA group
ranked bottom with 51.2% (Fig. 2) and CMV-ShRNA group
next to it with 74.2% (p<0.05). The other control groups showed
no significant inhibition effects as compared to test samples.
All the results showed the plasmid pSilencer4.1-HTERT/
CMV-HSP70-ShRNA-EGFP was successfully constructed,
HSP70-ShRNA silencing function was verified and HTERT/
CMV chimeric promoter has higher transcriptional activity in
the 22RV1 tumor cells than telomerase-negative RWPE-1 cells.

Figure 3. Intracellular uptake of HTERT/CMV-ShRNA plasmid vector
mediated by different methods after 48 h of transfection. (A) Fluorescent
images of 5 groups under fluorescent microscope. (B) Comparison of mean
transfection percentage of the 5 groups using flow cytometry. There was
significant diference between each other (*p<0.05).
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Figure 4. Apoptosis analysis of 12 groups by flow cytometry after 48 h of
transfection. Apoptosis percentage of UTMD+LIP+PLA group was significantly higher than the control groups (*p<0.05), while there was no difference
between PBS goup and PLA group.

In vitro study
Transfection and apoptosis percentage by flow cytometry.
Fig. 3 showed the UTMD+LIP+PLA group had maximal
transfection percentage (23.05±0.83) and it was significantly
higher than LIP+PLA group (14.92±0.61) and UTMD+PLA
group (10.07±0.74).
In accordance with the results of transfection analysis, the
apoptosis percentage of the test group was the highest (20.02%)
and the other 3 groups had significant difference between each
other (p<0.05), while PBS group and plasmid group made no
difference (p<0.25) (Fig. 4). It seems that the UTMD+ LIP
could serve as a gene delivery system and scilencing HSP70
expression induced cell apoptosis.
Real-time PCR. To compare the silencing effect of HSP70ShRNA of different groups, relative mRNA expression levels
was also examined, HSP70 gene expression of the test group
was the lowest with 38% among all the groups, significantly
lower than LIP+PLA group (51.2%) and UTMD+PLA group
(79%) (p<0.05) (Fig. 5).
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Figure 5. Real-time PCR analysis for relative HSP70 mRNA level of 22RV1
with different treatments. HSP70 mRNA level of UTMD+LIP+PLA group
was significantly higher than the UTMD+PLA group and LIP+PLA group
(*p<0.05).

Figure 6. HSP70 and caspase-3 protein levels were measured in 22RV1 cells
at 48 h post-transfection by western blot assays, expression level of the 2 proteins presented negative correlation in different groups, which is obvious in
the PBS group and UTMD+LIP+PLA group.

Western blot analysis. HSP70 and caspase-3 protein levels were
measured in 22RV1 cells at 48 h post-transfection by western
blot assay (Fig. 6), the results revealed that the expression
level of HSP70 protein in cells treated with UTMD+LIP+PLA
system was significantly lower than the other groups, while
the expression level of caspase-3 in this group was maximal,
therefore, expression level of the 2 proteins presented negative
correlation in our experiment.
Cell toxicity assay. Although UTMD techonology has been
considered to assist the delivery of molecules into a cell by
transiently increasing the membrane and cytotoxicity of
Lipo 2000 was confirmed by relative studies, under our
optimized condition, cell viability showed no significant
difference between PBS group (83.3%) and test group (81.7%)
(p<0.5) (Fig. 7). The results demonstrated cell viability could
not be injured by UTMD or low quantity of Lipo 2000.
In vivo studies. Tumor measurement. Fig. 8 shows nude mice
with tumor formation with different administrations. Tumor

Figure 7. Cell viability assay was carried out using CCK8 test after cells were
differently treated, the 5 groups showed no significant difference compared
to each other.

formation was observed subcutaneously in all nude mice at
2 weeks after inoculation. During a 5-week follow-up period,
it was observed that the tumor volumes were increasing to
varying degree for different groups. At 5 weeks, the volume
of tumors were the smallest in the test group with 111 mm3 as
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compared with other groups (p<0.05), while the mean volume
was the largest in the PBS group with 435 mm3.
Immunohistochemistry. HSP70 and caspase-3 expression of
tumors was detected by immunohistochemical test (Fig. 9).
Caspase-3 protein expression occurred in the plasma of the
tumor cells, which was expressed as apoptosis index, while
HSP70 protein expression in this experiment occurred in the
cell membrane and plasma.
Compared with the control groups, HSP70 expression of
the UTMD+LIP+PLA group was only 25% of the PBS group,
which demonstrated HSP70 expression was dramatically
inhibited (p<0.01). However, the difference of the 4 control
groups between each other was not significant. For caspase-3,
an important apoptotic protein, each group exhibited varying
degrees of caspase-3 staining positivity. The apoptotic
indexes (IOD/field area) were 1.79±2.29 (group a), 2.15±3.34
(group b), 14.1±9.34 (group c), 18.3±4.29 (group d), 25.76±5.64
(test group e), respectively. The protein levels of caspase-3 in
UTMD+LIP+PLA group significantly increased in tumor
tissues (p<0.01).
Morphometric analysis by TEM. After 48 h of different tumor
treatment, apoptotic features (such as condensation of the
nuclear chromatin, wrinkling of nuclear membranes, dilation
of endoplasmic reticulum, budding and the formation of the
apoptosis bodies) were observed under TEM (Fig. 10c-e). It
was rare to find an apoptotic cell in group a and b, however, a
great number of tumor cells were apoptotic in the test group e,
much more than control group c and d.
Statistical analysis. Data were expressed as the means and
standard deviation (mean ± SD). Independent samples t-test
was used to determine the significance of the difference
between two groups. ANOVA (analysis of variance) was used
to determine the signiﬁcance of the differences in multiple
comparisons. Differences were considered significant at
p<0.05. Statistical analysis were performed with a software
package (SPSS, version 13.0; SPSS, Chicago, IL, USA).
Figure 8. Different treatments suppressed the growth of established 22RV1
tumor xenografts variably in nude mice; images a-e, were consistent with
the grouping a-e. (A) The nude mice with tumor formations with different
administration; at 3 weeks after the second injection, tumors were dissected
and tumor volumes were measured serially. (B) The mean volume of tumors
(111 mm 3) in the test group (e) was also significantly less than the other
groups (ns, not significant; *p<0.05).

Conclusions. UTMD techonology was expected to significantly facilitate gene transfection by the transient increase of
cell membrane permeability. Our study indicated that UTMD
exerted a signiﬁcant enhancing effect on gene transfection in
22RV1 cells with the help of liposome, while UTMD alone
played a weak role in increasing gene transfection efficiency.

Figure 9. The morphologic changes of tumor tissues observed by TEM. Tumor cells display normal nuclei and endoplasmic reticula in groups a and b; groups
c and d, show slight cell degeneration, with cell volume enlargement, chromatin margination and swelling of mitochondria-like vacuoles; group e, showed more
cell degeneration and necrosis, typical apoptotic characteristics were clear under TEM.
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Figure 10. HSP70 expression (panel 1) and caspase-3 (panel 2) of tumors were detected by immunohistochemical assays. HSP70 positive staining showed
brownish yellow mainly in the cell membrane and were not different among the 4 control groups; while caspase-3 positive staining was brown-red in the
cytoplasm, as compared with the control groups, the expression level of HSP70 and caspase-3 in the test group e ranked the lowest and the highest, respectively.

The results indicated that small quantity of liposomes
combined with UTMD and special promoter HTERT could
synergistically serve as the targeted non-viral gene delivery
system without notable cell toxicity. In conclusion, repeated
experiments are necessary to verify the feasibility of this novel
gene delivery system and further study on the mechanism of
sonoporation is needed if UTMD technology is to be properly
adopted in the future.
Discussion
Until recently, there were limited treatment options for
hormone-refractory prostate cancer (13). Gene therapy is a
promising and exciting breakthrough in the ﬁeld of prostate
cancer. As a member of the HSP family, HSP70 has been
considered as cancer relevant protein and its overexpression
has been correlated with poor prognosis and resistance to
therapy. HRPC cells 22RV1 and ShRNA targeted HSP70 gene
were selected in our study. The high tumor-specificity HTERT
promoter was also selected to specially and safely enhance
transfection efficiency in our study.
The plasmid loaded with HSP70-ShRNA and HTERT/
CMV promoter was delivered into the cell plasma by the
sonoporation induced by UTMD combined with liposome,
which was expected to achieve downregulation of HSP70 gene
expression, to inhibit tumor cell proliferation and to induce
tumor cell apoptosis. Cytotoxicity of liposome has been verified for interrupting the physiological process (14). Therefore,
only 25% of recommended dosage was used in this experiment
and cell damage was not significant.
In this study, we successfully constructed the recombinant
plasmid vector pSilencer4.1-HTERT/CMV- HSP70-ShRNAEGFP. Real-time PCR (for the mRNA level) was carried out
to identify the direct inhibitory effect of HSP70-ShRNA.
The results showed HSP70-mRNA decreased significantly
compared to control groups.
Detection of transfection percentage by flow cytometry
demonstrated the HTERT/CMV chimeric promoter remakably improve the gene delivery efficiencies in 22RV1 while
failed to exceed the promoter CMV in RWPE-1, which indi-

cated HTERT promoter had powerful transcriptional activity
and had targeting effect in cancer cells as previously reported
(15,16). The gene delivery system driven by tumor-specific
promoter HTERT has become a promising modality in cancer
therapy (17).
When the plasmid vector was successfully constructed,
UTMD technology combined with liposome was desired to
further improve the gene delivery efficiency, 5 groups were
designed for this experiment. The transfection percentage
of the UTMD+LIP+PLA group was the highest and almost
1 time higher than LIP+PLA group and UTMD+PLA group
by flow cytometer analysis, which was in line with the results
of real-time PCR. At the same time, detection of apoptosis by
flow cytometry revealed apoptosis percentage for the test goup
was significantly higher than the other control groups, which
was also consistent with western blot analysis for caspase-3
protein, which was upregulated in response to HSP70 silencing
as apoptotic stimuli. Caspase-3 as an important apoptosis
hallmark is well known from many previous studies (18,19).
Also in our study HSP70 silencing upregulated caspase-3
expression and hence promoted 22RV1 cell apoptosis (20).
Real-time PCR and western blotting showed HSP70-mRNA
and protein expression were maximally silenced by HSP70ShRNA in the experimental group. In conclusion, the HSP70
and caspase-3 expression level in the UTMD+LIP+PLA group
was the lowest and the highest, respectively, reflecting that the
lower dose liposome combined with UTMD was an effective
method to facilitate gene delivery.
Sonoporation induced by UTMD promotes the transient
and reversible increase in the permeability of cell membranes,
it has been proven to enhance gene transfer and could serve as
a potential site-speciﬁc gene transfer modality (21).
Additonally for liposomes, they bind and condense DNA
spontaneously to form complexes with high affinity to cell
membranes, endocytosis of the complexes followed by disruption of the endosomal membrane appears to be the major
mechanism of gene delivery (22,23). However, many studies
have indicated side effects of inertial cavitation induced by
UTMD, such as cell apoptosis and cell lysis (24), capillary
rupture (25) and hemolysis (26). There was also cytotoxicity
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for liposomes, including inhibition of the ATPase activity
(27) and interaction with mitochondrial membrane (28). In
our study, optimized UTMD and small quatities of liposome
did not induce significant cell viability decrease as evaluated
by CCK8 test as compared with PBS group. We obtained
some results with statistical significance, however, from the
perspective of absolute value, increased range was extremely
limited and it was difficult for UTMD alone to exceed the
liposome alone at promoting transfection. The mechanism
needs to be clarified for UTMD technology to serve reseacher
better. Many studies focused on the mechanism and many
hypotheses have been formed, but the facts still remain
unknown (12,29). Simple animal experiments were carried
out to further evaluate the feasibility of this delivery system.
The apoptotic characteristics of tumor cells under TEM and
the expression level change of HSP70 and caspase-3 revealed
HSP70-ShRNA silencing mediated by this delivery system
could inhibit tumor growth and promote apoptosis. Therefore,
this multi-targeted gene delivery system was capable of
significant growth inhibition in vitro and tumor inhibition
in vivo.
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