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Nanoscale bubble delivered YCD-TK/Cx26 gene
therapeutic system suppresses tumor growth
by inducing necrosis of tumor tissues in mouse
Xenograft bladder cancer models
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Abstract. - OBJECTIVE: Bladder cancer is
considered as the fifth most common cancer in
the whole world. This study aimed to investigate
the anti-tumor effects of Nanoscale bubbles de-
livered yeast cytosine deaminase thymidine ki-
nase/connexin 26 (YCD-TK/Cx26) on tumor cell
proliferation and tumor growth.

MATERIALS AND METHODS: Nanoscale
bubble was prepared using thin-film hydration-
sonication method. Nanoscale bubble-LV5-YCD-
TK+PCD-Cx26 was generated and transfected
into BIU-87 cells. MTT assay was employed to
detect cell viability. Apoptosis was determined
using a flow cytometry assay. YCD-TK and Cx26
expressions were detected using Western blot
and Real Time-PCR (RT-PCR). BIU-87 cells were
transplanted into mice to establish Xenograft
models. The tumor volume was recorded. HE
staining was used to examine necrosis areas in
tumor tissues.

RESULTS: Nanoscale bubble (Nanoscale
bubble-LV5-YCD-TK+PCD-Cx26) successful-
ly mediated YCD-TK and Cx26 gene expres-
sion in BIU-87 cells. Nanoscale bubble de-
livered YCD-TK/Cx26 expression significant-
ly inhibited cell viability and induced apopto-
sis compared to Nanoscale bubble-LV5-YCD-
TK and Nanoscale bubble group (p<0.05). Na-
noscale bubble delivered YCD-TK/Cx26 ex-
pression triggered significantly higher levels
of bystander effect compared to single YCD-
TK or single Cx26 gene (p<0.05). Nanoscale
bubble delivered YCD-TK/Cx26 expression
significantly reduced tumor volume in mouse
Xenograft bladder cancer model compared to
LV5-YCD-TK and 5-FC+GCV group (p<0.05).
Nanoscale bubble delivered YCD-TK/Cx26 ex-
pression significantly reduced the necrosis
of tumor tissues in mouse Xenograft bladder
cancer model compared to LV5-YCD-TK group
and 5-FC+GCV group (p<0.05).
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CONCLUSIONS: Nanoscale bubble delivered
YCD-TK/Cx26 gene therapeutic system efficient-
ly reduced BIU-87 cell proliferation in vitro, and
suppressed tumor growth by inducing necro-
sis of tumor tissues in mouse Xenograft bladder
cancer models.
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Bladder cancer, Nanoscale bubble, Gene therapy,
Xenograft model.

Introduction

Bladder cancer is considered to be the fifth
most common cancer, and the second most fre-
quently occurred human genitourinary cancer'-.
Meanwhile, both mortality and morbidity for
bladder cancer are considered to be the second
highest in all urinary tumors, closely following
prostate cancer’. Bladder cancer is characterized
by a higher metastasis rate and is easily recurrent,
following by a 5-year survival rate less than 60%"*.
Although many anti-tumor strategies, including
surgical resection, chemotherapy or radiotherapy,
plenty of unfavorable side effects or resistances,
have been extensively discovered®®. In recent
years, the multimodal treatments for tumors have
been developed with an increasing tendency’®,
especially for the non-surgical treatment, such as
gene therapy, which is the promising approach
for cancers’. Cancer gene therapy is also a sig-
nificant and potential therapeutic approach for
cancer treatment. Therefore, we believed that the
enhancement of the therapeutic efficacy of gene
therapy using novel drug-delivery strategies is
critical for cancer treatments.
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In the past years, many drug-delivery strat-
egies, such as vectors (viral vector, bacterial
vector), bio-adhesive microspheres, anti-sense
oligodeoxynucleotides, and magnetically targeted
carries’'?, have been applied to gene carrying
vectors for cancer treatment. However, there are
also a few obstacles and limitations for above
gene delivery strategies, such as toxicity of gene
carrier, lower selectivity for tumor cells, and
other side-effects.

Nowadays, contrast-enhanced ultrasonography
technology has been extensively applied to the
tumor treatment according to its capability of
targeting normal lesions'*'. Especially, recent
developed Nanoscale bubble, which is a novel
contrast agent for imaging extra-vascular im-
ages'. The Nanoscale ultrasound contrast agents
carrying many cores (such as gas, solid, or liquid)
and shells (such as phospholipids or the poly-
mers) have been demonstrated good contrast-
enhancement®. Previous studies'>'® reported that
Nanoscale ultrasound contrast agents could be
applied for contrast-enhanced tumor imaging and
demonstrate the promising capability for gene or
drug delivery.

The key point for establishing the optimal gene
therapy is to develop the tumor-specific targeting
therapeutic gene delivery system. Previous stud-
ies'”" have been reported some efficient gene
targeting systems, such as Bifidobacterium infan-
tis, tumor-suicide gene therapy system [herpes
simplex virus thymidine kinase (HSV-TK) and
yeast cytosine deaminase (YCD) system] and
thymidine kinase gene targeting system. Till now,
the most applied suicide gene therapy system is
HSV-TK integrating Ganciclovir (GCV) or YCD
integrating 5-fluorocytosine (5-FC)'7*°. Here, we
firstly involved a kind of tumor-suppressor gene,
connexin 26 (Cx26)”, in the tumor-suicide gene
therapy system to enhance anti-tumor effects.
In the present study, we firstly synthesized the
Nanoscale ultrasound contrast agents and then
observed the anti-tumor effects of Nanoscale
bubbles delivered YCD-TK/GCV/Cx26 or YCD-
TK/5-FC/Cx26 on tumor growth of BIU-87-in-
duced mouse Xenograft bladder cancer models.

Materials and Methods

Bladder Cancer Cell Culture and
Nanoscale Bubbles Preparation

Human bladder cancer cell, BIU-87, was ob-
tained from Cell Bank of CAS (Shanghai, China)

and cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) containing 100 U/ml
penicillin and 100 pg/ml streptomycin (Bey-
otime Biotechnology, Shanghai, China) and
supplementing with 10% fetal bovine serum
(FBS; Gibco BRL Co. Ltd., Grand Island, NY,
USA) in humidified environment with 5% CO,
at 37°C.

The targeted Nanoscale bubble was prepared
using thin-film hydration-sonication method
due to the former study described®, with a few
modifications, as our team previously reported®.
Finally, the synthesized biotinylated-lipid Na-
noscale bubbles were incubated using streptavi-
din (Sigma-Aldrich, St. Louis, MO, USA) at 4°C
for 30 min, based on the description of the former
description*. Nanoscale bubbles were success-
fully prepared (Figure 1A) and stored for the fol-
lowing experiments.

Plasmids Containing YCD-TK or Cx26
Gene Construction, Lentivirus Packaging

The construction of LV5-YCD-TK plasmid
and lentivirus packaging were conducted ac-
cording to our former study®. The Cx26 gene
was amplified with the primers (sense-primer:
5-TCTTCATTTTTCGCATTATG-3’, anti-sense-
primer: 5’-CATGTCTCCGGTAGGCCACG-3’),
generating the 678 bp length Cx26 gene prod-
ucts. The PCR products were cloned into EcoR
I-EcoR V sites of pcDNA6/myc-HisA vector (Cat.
No. V22120, Invitrogen/Life Technologies, Carls-
bad, CA, USA) according to the instruction of
the manufacturer. The obtained clone product
was named as PCD-Cx26. Then, PCD-Cx26 was
amplified in E. coli (Tiangen Biotechnology Co.
Ltd., Beijing, China), isolated with E.Z.N.A. Fast-
filer Endo-free Plasmid Maxiprep Kit (Cat. No.
D6948, Omega Bio-Tek, Doraville, GA, USA)
and identified using DNA sequencing.

Transfection of Gene Expressing
Plasmids Into Nanoscale Bubbles

The plasmid transfection was conducted ac-
cording to the previous study”. Briefly, the Na-
noscale bubbles were added to BIU-87 cells at
a final concentration of 0.1 pg/ul. The YCD/
TK gene (LV5-YCD-TK) and Cx26 gene (PCD-
Cx26) were transfected into BIU-87 with Na-
noscale bubbles and sonicated for 60 s. Eventu-
ally, G418 (Cat. No. PP2374, Sigma-Aldrich, St.
Louis, MO, USA), at a concentration of 400 ug/
ul, was employed to screen the plasmids posi-
tively transfected BIU-87 cells.
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3-(4, 5-Dimethyl-2-Thiazolyl)-2, 5-
Diphenyl- 2- H-Tetrazolium Bromide
(MTT) Assay

BIU-87 cells were treated with drugs, gene-
carrying plasmids, according to the experimental
design. The cell viability or cell inhibitive rates
were assessed or calculated using MTT assay
based on the former report®. In brief, BIU-87
cells were treated using the MTT solution (Sigma-
Aldrich, St. Louis, MO, USA) at a final dosage of
5 mg/ml for 4 h at 37°C. In order to dissolve the
formed crystal, a total of 150 pl dimethyl sulfox-
ide (DMSO, Amresco Inc., Solon, OH, USA) was
administrated to BIU-87 cells for 10 min. Even-
tually, the optical density value of the products
was evaluated using a microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA) at 490 nm.
Cell viabilities were calculated and analyzed due
to the OD recordings in various groups.

Flow Cytometry Assay

In this study, the apoptosis for BIU-87 cells
was assessed using flow cytometry assay. The
apoptosis was examined with Annexin V-PE/7-
AAD apoptosis kit (BD Biosciences, San Jose,
CA, USA) due to the manufacturer’s instruction.
In brief, BIU-87 cells were incubated with An-
nexin V binding buffer, and then treated using
Annexin V-PE and propidium iodide (PI) for
15 min in the dark. The apoptosis cells were
observed using FACS Vantage SE flow cytom-
eter (BD Biosciences, Franklin Lakes, NJ, USA).
Eventually, the stained cells were captured using
a 530/578 filter (monitoring the Annexin V bind-
ing cells) and a 546/647 filter (for monitoring PI
binding cells).

Quantitative Real Time-PCR (gRT-PCR)
The total RNAs of BIU-87 cells were treat-
ed using TRIzol kits (Beyotime Biotechnology,
Shanghai, China) according to the instruction
of the manufacturer. RNAs products were syn-
thesized to the complementary DNA (cDNA) by
employing RNA Transcription Kit (Western Bio-
technology, Chongqing, China). The qRT-PCR

Table I. The primers for the RT-PCR assay.

assay was conducted to evaluate Cx26 gene lev-
els, using SYBR Green | Real-Time PCR ampli-
fication system (Western Biotechnology, Chongg-
ing, China), taking the cDNAs as templates. The
primers for qRT-PCR assay were listed in Table I.
The whole qRT-PCR assay was performed using
FTC-3000P Real-Time Fluorescence PCR equip-
ment (Funglyn BioTech Inc., Toronto, Canada).
The gqRT-PCR was conducted at 94°C, 4 min
firstly, and then processed with 35 cycles of 94°C
for 20 s, 60°C for 30 s, 72°C for 30 s, and finally
terminated for 10 min at 72°C. The 274Ct ¢{(Ctof
gene) ~ (CtofUOY) method?® was employed to calculate
the relative Cx26 gene expression in RT-PCR
products.

Western Blot Assay

The BIU-87 cells were lysed with the radioim-
munoprecipitation assay (RIPA) buffer, and the
obtained lysates were centrifuged for 10 min at
10000xg to harvest the supernatant containing
proteins. The supernatants were then separated
with 10% sodium dodecyl sulphate-polyAcryl-
amide gel electrophoresis (SDS-PAGE, Amres-
co Inc., Solon, OH, USA) and transferred onto
polyvinylidene difluoride (PVDF) membranes
(Bio-Rad Laboratories, Hercules, CA, USA)
using Trans-Blot SD cell instrument (Bio-Rad
Laboratories, Hercules, CA, USA). Then, PVDF
membranes were incubated using rabbit anti-
human TK polyclonal antibody (1: 2000; Cat. No.
ab129880, Abcam Biotechnology, Cambridge,
MA, USA), mouse anti-human Cx26 monoclonal
antibody (1:3000, Cat. No. sc-293223, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) and rabbit
anti-human fB-actin antibody (1: 3000; Cat. No.
ab8226, Abcam Biotechnology, Cambridge, MA,
USA) at 4°C overnight. Then, PVDF membranes
were continuously incubated with Horse Radish
Peroxidase (HRP)-conjugated goat anti-mouse
IgG (1: 2000, Sigma-Aldrich, St. Louis, MO,
USA) and HRP-labeled goat anti-rabbit IgG (1:
2000, Sigma-Aldrich, St. Louis, MO, USA) at
37°C for 60 min. Finally, the Western blotting
bands were determined using an enhanced che-

Gene Sequences Length (bp)
Cx26 Forward 5> TTCGCATTATGATCCTCGTTG-3’ 122
Reverse 5’-GATGGGGAAGTAGTGATCGTAGC-3’
B-actin Forward 5> TGACGTGGACATCCGCAAAG-3’ 205
Reverse 5-CTGGAAGGTGGACAGCGAGG-3’
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miluminescence (ECL) kit (Thermo Scientific
Pierce, Rockford, IL, USA) in the dark for 2 min.
The relative grey density for the Western blotting
bands was calculated with Labworks™ Analysis
Software (Labworks, Upland, CA, USA).

Mouse Xenograft Model Establishment

In this study, mouse Xenograft bladder cancer
model was generated using BIU-87 cells (the cells
might be preliminarily treated with various plas-
mids). The BALB/C mice, aging from 4 weeks to
8 weeks and weighting from 15 g to 20 g, were
purchased from Beijing Huafukang Bio-Tech Co.
Ltd. (Beijing, China). Briefly, the above mice
were randomly divided into 5 groups, including
the Blank group (n=3, without any treatment),
5-FC+GCV group (n=3, administrated with
5-FC and GCV), LV5-YCD-TK group (adminis-
trated with LV5-YCD-TK plasmid), LV5-YCD-
TK+5FC+GCV group (n=3, administrated with
both of LV5-YCD-TK plasmid and SFC/GCV),
and LV5-YCD-TK+PCD-Cx26+5-FC+GCV
group (n=3, administrated with LV5-YCD-TK
plasmid, PCD-Cx26 plasmid and SFC/GCV). All
mice were housed in specific pathogen free (SPF)
conditions. For all mice in the above groups, the
above treated BIU-87 cells (at a density of 1x107
cells) were injected into the right flank of mice.
All growth of mice was monitored, and the tu-
mor width and tumor length were recorded every
week. After all in vivo experiments, all mice were
euthanized, and the tumor tissues were removed
for the following histological analysis.

All protocols for the animal experiments
have been approved by the Ethics Committee of
the People’s Hospital of Nanchuan Chongqing
(Chongqing, China).

Hematoxylin and Eosin (HE)] Staining

The tumor tissues were extracted and fixed
with 4% paraformaldehyde (Sangon Biotechnol-
ogy, Shanghai, China) for 20 min at room tem-
perature. Then, the tumor tissues were sliced
into sections with a thickness of 5 um, and the
endogenous peroxidase was inactivated using 3%
hydrogen peroxide for 10 min. The histology of
tumor tissue sections was visualized using eosin
(Beyotime Biotechnology, Shanghai, China) and
hematoxylin (Jiancheng Bioengineering Institute,
Nanjing, China) as the former study described?’.
The hematoxylin and eosin (HE) stained tumor
tissues were imaged using a digital microscope
(Mode: DSX110, Olympus, Japan), with a magni-
fication of 200 x.

Statistical Analysis

The data here were represented as mean =+
standard deviation (SD) and analyzed using pro-
fessional SPSS software (version: 20.0, IBM
Corp., Armonk, NY, USA). ANOVA test was
used to compare the differences among multiple
groups and was validated by Tukey’s post-hoc
test. The Student’s #-test was employed to com-
pare the differences between the two groups. All
tests or experiments were performed at least 6
times. The p<0.05 was assigned as a significant
difference.

Results

Nanoscale Bubble Successfully Mediated
YCD-TK Gene Expression in BIU-87 Cells

To identify the expression of Nanoscale bubble
carried the therapeutic gene, YCD-TK, in BIU-
87 cells, Western blotting assay (Figure 1B) was
employed for detecting. The finding illustrated
that YCD-TK level in the Nanoscale bubble-LV5-
YCD-TK group was significantly higher com-
pared to the YCD-TK level in the Nanoscale
bubble-LVS5 group (Figure 1B, p<0.05). This re-
sult suggests that LV5-YCD-TK treatment could
trigger the overexpression of YCD-TK in BIU-87
cells.

Nanoscale Bubble Mediated Cx26 Gene
Expression in BIU-87 Cells

In order to confirm the expression of Nanoscale
bubble delivered PCD-Cx26 in the BIU-87 cells,
both the qRT-PCR assay and Western blotting
assay were conducted. Both the qRT-PCR (Fig-
ure 2A) and Western blotting (Figure 2B) results
showed that the mRNA and protein expressions
in Nanoscale bubble-LV5-YCD-TK+PCD-Cx26
group were higher significantly compared to that
in the Nanoscale bubble group and Nanoscale
bubble-LV5-YCD-TK group (p<0.05). Although
BIU-87 cells in both Nanoscale bubble group and
Nanoscale bubble-LV5-YCD-TK group expressed
Cx26, whose levels in Nanoscale bubble-LV5-
YCD-TK group were relatively higher compared
to that in the Nanoscale bubble (p<0.05).

Nanoscale Bubble Delivered
YCD-TK/Cx26 Expression Inhibited
Cell Viability and Caused Apoptosis

In this study, we transfected the Nanoscale
bubble suicide gene therapy system delivered
YCD-TK and Cx-26 gene into BIU-87 cells;
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Figure 1. Nanoscale bubbles preparation and determination of YCD-TK expression. A, Nanoscale bubbles preparation
(magnification 100 %). B, Determination for YCD-TK expression using Western blot assay. C, Statistical analysis for YCD-TK
expression. ‘p<0.05 vs. Nanoscale bubble-LV5 group.
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Figure 2. Determination for
Cx26 mRNA and protein ex-
pression using qRT-PCR assay
and Western blot assay. A, Cx26
mRNA expression detecting by
gqRT-PCR assay. B, Cx26 protein
expression examining by West-
ern blotting assay. C, Statistical
analysis for the Cx26 expression.
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bubble-LV5 group, “p<0.05 vs.
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therefore, cell viability and apoptosis were ex-
amined using MTT analysis and flow cytometry
analysis, respectively. The MTT data showed
that Nanoscale bubble-LV5-YCD-TK+PCD-Cx26
demonstrated higher inhibitive rates for the cell
viability compared to that of the Nanoscale bub-
ble-LV5-YCD-TK group and Nanoscale bubble
group (Figure 3A, p<0.05). Meanwhile, the cell
viability inhibitive rates in the Nanoscale bubble-
LV5-YCD-TK group were also higher compared
to that in the Nanoscale bubble group (Figure
3A, p<0.05). Moreover, LV5-YCD-TK and PCD-
Cx26 transfection (Nanoscale bubble-LV5-YCD-
TK+PCD-Cx26 group) illustrated the highest lev-
els of inhibitive rates compared to that in both
the Nanoscale bubble-LV5-YCD-TK group and

Nanoscale bubble group (Figure 3B, p<0.05).
Also, Nanoscale bubble-LV5-YCD-TK treatment
induced enhanced apoptosis rates compared to
that in the Nanoscale bubble group (Figure 3B,
p<0.05).

Nanoscale Bubble Delivered
YCD-TK/Cx26 Expression Triggered
Higher Levels of Bystander Effect

We mixed the Nanoscale bubble-mediated
YCD-TK/Cx26 gene transfected BIU-87 cells
and the un-transfected BIU-87 cells, to observe
the YCD-TK/Cx26 triggered bystander effect.
The results showed that both of YCD-TK and
Cx26 gene expressions triggered the bystander
effect; however, the combination of YCD-TK
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Figure 3. Evaluation for cell viability (cell inhibitive rates) and apoptosis of BIU-87 cells undergoing YCD-TK/Cx26
treatment. A, Analysis for the inhibitive rates according to the MTT assay recordings. B, Evaluation for the apoptosis of BIU-
87 cells undergoing with flow cytometry assay. *p<0.05, **p<0.01 vs. Nanoscale bubble-LV5 group (including 5-FC, GCV,
and 5-FC+GCV sub-groups). “p<0.05 vs. Nanoscale bubble-LV5+YCD-TK group (including 5-FC, GCV, and 5-FC+GCV sub-
groups). *p<0.05 vs. GCV group (including Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group). p<0.05
vs. 5-FC group (including Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group).
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and Cx26 expression demonstrated the highest
inhibitive rates compared to that of the single
YCD-TK or Cx26 expression group (Figure
4, p<0.05). Furthermore, the 5-FC combining
GCV treated BIU-87 cells were more sensitized
to the expression of YCD-TK/Cx26 (LV5-YCD-
TK+PCD-Cx26+BIU-87 group) compared to
that in the LV5-YCD-TK+BIU-87 group and
PCD-Cx26+BIU-87 group (Figure 4, p<0.05).

Nanoscale Bubble Delivered
YCD-TK/Cx26 Expression Reduced
Tumor Volume in Mouse Xenograft
Bladder Cancer Model

After the BIU-87 cells transplantation, tumor
growth in mouse Xenograft bladder cancer mod-
el was observed for 5 weeks (Figure 5A). The tu-
mor volume in the LV5-YCD-TK+PCD-Cx26+5-
FC+GCV group was significantly reduced com-
pared to that in the LV5-YCD-TK+5-FC+GCV
group, LV5-YCD-TK group, 5-FC+GCV group,
and Blank group, from the 2" week to 5" week
after the transplantation (Figure 5B, p<0.05).
Meanwhile, LV5-YCD-TK+5-FC+GCV group
also illustrated a significant reduction of the
tumor volume compared to that in the LV5-
YCD-TK group and 5-FC+GCV group (Figure
5B, p<0.05). Moreover, the tumor inhibitive
rate in LV5-YCD-TK+PCD-Cx26+5-FC+GCV
group was significantly higher compared to that

in the LV5-YCD-TK+5-FC+GCV group, LV5-
YCD-TK group, 5-FC+GCV group, and Blank
group (Figure 5C, p<0.05). These results suggest
that YCD-TK combining Cx26 gene remarkably
enhances the anti-tumor effects of 5-FC and
GCV on the bladder cancer growth. Therefore,
Nanoscale bubble delivered YCD-TK/Cx26 ex-
pression plays critical roles in inhibiting the
tumor growth.

Nanoscale Bubble Delivered
YCD-TK/Cx26 Expression Reduced
Necrosis of Tumor Tissues in Mouse
Xenograft Bladder Cancer Model

In order to clarify the reason that causes the
inhibition of tumor growth, the necrosis of tumor
tissues was examined using HE staining (Figure
6A). HE staining results indicated that the necro-
sis rate in LV5-YCD-TK+PCD-Cx26+5-FC+GCV
group was significantly higher compared to that
in the LV5-YCD-TK+5-FC+GCV group, LV5-
YCD-TK group, 5-FC+GCV group, and Blank
group (Figure 6B, p<0.05). Meanwhile, the LV5-
YCD-TK+ 5-FC+GCV treatments also signifi-
cantly enhanced the necrosis rate compared to
that in the LV5-YCD-TK group and 5-FC+GCV
group (Figure 6B, p<0.05). These results suggest
that Nanoscale bubble delivered YCD-TK/Cx26
expression inhibits the tumor growth by inducing
the tumor tissue necrosis.
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Figure 4. Identification for the YCD-TK/Cx26 transfection triggered bystander effect on the BIU-87 cells undergoing 5-FC/
GCV treatment. *p<0.05, **p<0.01 vs. Nanoscale bubble-LV5 group (including 5-FC, GCV, and 5-FC+GCV sub-groups).
#p<0.05 vs. Nanoscale bubble-LV5+YCD-TK group (including 5-FC, GCV, and 5-FC+GCV sub-groups). *p<0.05 vs. GCV
group (including Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group). 4p<0.05 vs. 5-FC group (including
Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group).
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Figure 5. Tumor volume evaluation for mouse Xenograft bladder cancer model from 1 week to 5" week. A, Images for
tumor growth in Xenograft bladder cancer mouse models. B, Statistical analysis for tumor volume. C, Statistical analysis
for tumor inhibitive rates. *p<0.05 vs. LV3 group. *p<0.05, **p<0.01 vs. Nanoscale bubble-LV5 group (including 5-FC, GCV
and 5-FC+GCV sub-groups). “p<0.05 vs. Nanoscale bubble-LV5+YCD-TK group (including 5-FC, GCV and 5-FC+GCV sub-
groups). $p<0.05 vs. GCV group (including Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group). p<0.05
vs. 5-FC group (including Nanoscale bubble-LV5 group and Nanoscale bubble-LV5-YCD-TK group).

Discussion

Nowadays, cancer has become the most im-
portant reason for the mortality and morbidity
of patients®®. Although a large number of cancer
patients have been successfully treated using
surgical resection, radio/chemotherapy, immu-
notherapy, the non-surgical, and non-traumatic
tumor therapy technologies have been extensively
explored in recent years®*. Especially for gene
therapy-dependent precision strategy, which has

been proven to be an important approach for
treating cancers®’. Due to the limitations or as-
sociated side effects of the previous vectors, such
as lower specificity and cell cytotoxicity, we em-
ployed and synthesized the Nanoscale ultrasound
contrast agent, Nanoscale bubble, as the gene
delivery vector®?3,

Many studies®**** reported that the cytotoxic
gene therapy strategy is conducted by cloning the
suicide gene or the other therapeutic genes into
the vectors, combining with the GCV treatment
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Figure 6. Examination for the necrosis of tumor tissues in the mouse Xenograft bladder cancer model using HE staining
assay. A, HE staining images for the necrosis of tumor tissues (magnification 100 x). B, Statistical analysis for the necrosis
of tumor tissues. “p<0.01 vs. Blank group. *p<0.05 vs. Nanoscale bubble-LV5+YCD-TK+5-FC+GCV group. *p<0.05 vs.

5-FC+GCV group. ¥p<0.05 vs. LV5+YCD-TK group.

together, which has been proven to be effective
for suppressing the tumor cell proliferation and
tumor growth. In the present study, we generated
the Nanoscale babble carrying the suicide gene
(YCD-TK) and tumor-suppressor gene (Cx26)
and explored its effects on the tumor growth of
mouse Xenograft bladder cancer model. The pre-
vious study*® showed that the suicide gene, YCD-
TK, holds the ability to convert pro-drug 5-FC
to the therapeutic form as S-fluorouracil, which
could enhance the radiosensitivity of tumor
cells. Therefore, LV5-YCD-TK+PCD-Cx26+5-

FC+GCV therapeutic strategy was generated and
applied to the mouse Xenograft bladder cancer
model.

Our results indicated that both YCD-TK and
Cx26 genes higher expressed in the BIU-87 cells
undergoing LV5-YCD-TK+PCD-Cx26 transfec-
tion and 5-FC+GCV treatment. MTT assay re-
sults also showed that both LV5-YCD-TK+PCD-
Cx26 and LV5-YCD-TK transfection significantly
enhanced the inhibitive rate of BIU-87 cells
undergoing 5-FC and/or GCV treatment; how-
ever, LV5-YCD-TK+PCD-Cx26 demonstrated the
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most significant effects on tumor proliferation.
Meanwhile, LV5-YCD-TK+PCD-Cx26 transfec-
tion, together with 5-FC combining GCV treat-
ment, exhibited significantly higher inhibitive
rates compared with that together with single
5-FC or GCV treatment. Moreover, LV5-YCD-
TK+PCD-Cx26 and LV5-YCD-TK transfection
into BIU-87 cells undergoing 5-FC and/or GCV
treatment also induced evident apoptosis, while
LV5-YCD-TK+PCD-Cx26 illustrated higher in-
ducible effects. These findings suggest that the
tumor-suppressor gene (Cx26) and suicide gene
(YCD-TK) demonstrated higher anti-tumor cell
proliferation effects by inducing the tumor cell
apoptosis, which is consistent with the former
description®’*8,

When exposing to the genotoxic administra-
tion, the tumor cells not only initiated the DNA
damage response, but also released the DNA
damage response-associated factors in tumor
cells without expose to the genotoxic treatment;
this process is named “bystander effect” for the
DNA damage**°. The cells released bystander
factors play an important role in inhibiting the
radiotherapy-correlated tumor carcinogenesis*;
therefore, we observed the YCD-TK/Cx26 geno-
toxic administration induced bystander effect in
the BIU-87 cells. Our results indicated that the
YCD-TK/Cx26 expression induced significantly
higher bystander effect in BIU-87 cells undergo-
ing 5-FC and GCV treatment compared to that
in the single YCD-TK or Cx26 expressed BIU-
87 cells. This result suggests that the YCD-TK/
Cx26 genotoxic administration triggers evident
bystander effect, which enlarges the anti-tumor
effects of the gene therapy.

The bladder cancer cell line, BIU-87 cells,
transplanted mouse Xenograft model was also
generated in the present study. We found that
YCD-TK/Cx26 gene transfection significantly
reduced tumor volume and demonstrated sig-
nificantly higher tumor inhibitive rates of BIU-
87 cells transplanted mouse Xenograft model
compared to that in the single YCD-TK or single
Cx26 gene transfection animal model. Mean-
while, compared with cells without 5-FC/GCV
treatment, the YCD-TK/Cx26 gene transfection
combining 5-FC/GCV treatment exhibited the
highest tumor inhibitive effects on the tumor
growth in the mouse Xenograft model. There-
fore, we discovered the evidence that YCD-TK/
Cx26 gene administration could significantly
strengthen the anti-tumor effects of 5-FC/GCV
in the mouse Xenograft bladder cancer model.

Moreover, we also found that Nanoscale bubble
delivered YCD-TK/Cx26 expression inhibits the
tumor growth of animal model by inducing the
tumor tissue necrosis, which is consistent with
the former investigations focusing on the other
cancers***,

Conclusions

This study generated and identified the Na-
noscale bubble delivered YCD-TK/Cx26 gene
therapeutic system as a potential strategy to in-
hibit bladder cancer cells growth in mouse Xe-
nograft bladder cancer model. The LV5-YCD-
TK+PCD-Cx26 expression could efficiently re-
duce BIU-87 cell proliferation, induce apoptosis
in vitro, and suppress the tumor growth in mouse
Xenograft bladder cancer model. The anti-tumor
effect on tumor growth was mediated by induc-
ing necrosis of tumor tissues in mouse Xenograft
bladder cancer model. The present data highlights
the potential application of YCD-TK/Cx26 gene
therapeutic system as a promising therapeutic
strategy for inhibiting the bladder cancer growth.
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