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Abstract. Background: The clustered regularly interspaced
short palindromic repeats-associated protein 9 (CRISPR-Cas9)
is thought to have promising clinical potential. However, the
off-target effects of Cas9 are a major concern for its
application. Therefore, we hypothesized that the adverse effects
of off-target gene editing might be minimized if the human
codon-optimized Streptococcus pyogenes Cas9 (hCas9) could
be specifically expressed in cancer cells. Materials and
Methods: We constructed a chimeric adenoviral vector,
Ad5F35-MKp-hCas9, and infected human bladder cancer cell
lines with this vector. The confirmation of hCas9 gene
expression was performed in 3-4 days after from infection.
Results: hCas9 gene expression was observed in Ad5F35-MKphCas9 infected bladder cancer cells but not in non-malignant
cells. Conclusion: Our study showed that the Ad5F35-MKphCas9 vector is capable of expressing the hCas9 gene with
high specificity in bladder cancer cells. These findings may
help in minimizing the risk of off-target effects of gene editing.

Non-muscle invasive bladder cancer (NMIBC) accounts for
approximately 70% of all bladder cancer. Although patients
with bladder cancer have a relatively low mortality rate (1),
most NMIBC cases develop recurrent tumors and progress
to a higher stage or grade (2), thus making NMIBC treatment
crucial. At present, Bacillus Calmette-Guérin therapy is
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considered to be the most effective treatment for refractory
NMIBC; however, its severe adverse effects significantly
reduce the patient's quality of life and cause half of all
patients to abandon treatment (3). Therefore, development of
new treatments that do not reduce patients’ quality of life is
very important in the therapy of NMIBC.
In previous studies, we focused on virotherapy for the
development of novel NMIBC treatment, and examined the
oncolytic effect of the adenoviral vector (4) and the survival
inhibition effect of lentiviral vector-mediated gene transfection
(5) on various bladder cancer cell lines. We also developed the
Ad5F35 vector, which is a chimeric adenoviral vector of
serotype 5 (Ad5) and serotype 35 (Ad35) adenovirus (4, 6, 7).
The Ad5F35 vector is a conditionally replicating adenovirus
which infects via CD46, which is a surface antigen that is
highly expressed in bladder cancer cells (4). Furthermore, the
E1 gene is placed under the promoter of midkine, which is a
highly expressed growth factor in cancer cells (8). Therefore,
it is difficult for Ad5F35 to infect cells other than cancer cells
and grow in non-malignant cells.
However, adenoviruses lead to the formation of antibodies
immediately after infection or administration. Neutralizing
antibodies to Ad5 are quite common in humans (9, 10), and
pre-existing immunity to adenovirus is thought to result in
ineffective delivery of administered adenovirus (11, 12).
While a previous study claimed that pre-immunity to viruses
does not diminish the viral oncolytic effect (13), recent
studies suggest that pre-immunity is a major obstacle to the
adenovirus vector (14, 15). Taken together, the possibility
that the therapeutic effect is diminished at an early stage by
the neutralizing antibody is a serious concern when
considering the clinical application of Ad5F35 in cancer
therapy. Therefore, to obtain a higher therapeutic effect in a
short period using Ad5F35, we considered that a new
function is required.
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The clustered regularly interspaced short palindromic
repeats-associated protein 9 (CRISPR-Cas9) system is based
on the immune system in Streptococcus pyogenes that
protects bacterial cells from foreign DNA (16, 17), and this
system has been utilized as a versatile gene-editing tool (18).
CRISPR-Cas9 can cleave any complementary site to the
guide RNA in the DNA double strands, thus making gene
editing dramatically easier. At present, CRISPR-Cas9
technology is considered to be a promising new treatment for
many human diseases through modification of specific genes
or repair of mutations. In addition, in the field of cancer
therapy, CRISPR-Cas9 has shown excellent clinical potential
(19, 20). In 2016, the Food and Drug Administration
approved the first clinical trial of cancer treatment using
CRISPR-Cas9, in which T-cells were extracted from a
patient, altered by CRISPR-Cas9, and finally returned to the
patient (21).
However, the CRISPR-Cas9 system may cause unintended
DNA modifications. This off-target effect occurs relatively
frequently, and is a major concern for the clinical
applications of CRISPR-Cas9 (22-24). Various studies have
been performed to control the off-target effects of CRISPRCas9 (25-27); however, total control of off-target effects is
thought to be very difficult. We hypothesized that if it were
possible to specifically express Cas9 gene in cancer cells, the
adverse effects or risks of off-target gene editing could be
minimized.
We constructed a chimeric Ad5F35 vector containing the
Cas9 gene regulated by the midkine promoter to restrict
infection and gene expression in cancer cells, and examined
cancer cell-specific Cas9 gene transfection using this vector.

Materials and Methods

Cells and cell culture. In this study, three human bladder cancer cell
lines were used, 5637, UMUC3, and 253J. These cell lines were
purchased from the American Type Culture Collection (Manassas,
VA, USA). The human prostatic cell line PNT1A (Public Health
England, Porton Down, UK) was used as a non-malignant cell line.
In addition, HEK293 cells (American Type Culture Collection) were
used as packaging cells and as a positive control for vector
infection.
The cell lines 5637 and PNT1A were grown in Roswell Park
Memorial Institute 1640 medium (RPMI1640; Life Technologies
Co., NY, USA), and UMUC3, 253J, and HEK293 cells were grown
in Dulbecco's modified Eagle’s medium (Life Technologies). Both
media were supplemented with 10% heat-inactivated fetal bovine
serum (FBS; BioWest, Nuaillé, France) and 100 U/ml penicillinstreptomycin (Nacalai Tesque Inc., Kyoto, Japan). The cultures were
maintained in humidified 5% CO2 and 95% air at 37˚C.

Construction of vector. A chimeric adenoviral vector of type 5 and
type 35 adenovirus, Ad5F35-MKp-hCas9, was used in this study.
The components of the adenovirus plasmid used for this vector are
shown in Figure 1A. The 609-bp 5’- upstream regulatory region of
the midkine gene (28) was used as a promoter (Mkp: Figure 1B).
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The human codon-optimized Streptococcus pyogenes Cas9 gene
(hCas9; Figure 1C) was placed downstream of the Mkp, and the
enhanced green fluorescent protein (EGFP) gene was inserted next
to the hCas9 gene as an expression marker. In addition, two
adenoviral vectors were used as controls in this experiment; one was
Ad5F35-CMVp-hCas9, which encodes hCas9 and EGFP genes
under the cytomegalovirus promoter (CMVp), and the other was
Ad5-CMVp-EGFP, which encoded EGFP under CMVp. Plasmid
construction was ordered from VectorBuilder (Chicago, IL, USA).

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. Infection with Ad5F35-MKp-hCas9 was performed at 0, 10,
100, and 1,000 infective units/cell [multiplicity of infection (MOI)]
at an initial density of 30,000 cells/ml, and 0 MOI was used as a
negative control. After infection, cells were seeded into 96-well
plates (3,000 cells/well, medium containing 5% FBS) and incubated
in 5% CO2 and 95% air at 37˚C for 4 days. The cell viability rate
of each cell line was measured using the MTT assay. Four days after
infection, 250 μg/ml of MTT (Dojin Kagaku, Kumamoto, Japan)
was dissolved in serum-free Dulbecco’s modified Eagle’s medium
or RPMI1640, which was used to replace the 96-well plate
incubation medium (100 μL/well), and further incubated at 37˚C in
5% CO2 and 95% air for 4-6 h. The stop solution (20% sodium
dodecyl sulfate and 50% N,N-dimethylformamide, pH 4.0) was
added to each well (100 μl/well) and incubated overnight at room
temperature with mechanical shaking. The absorbance was then
measured using SpectraMax® Plus 384 (Molecular Devices, San
Jose, CA, USA), as described previously (29).
To compare the different MOIs of the vectors against each
respective cell line, we used a one-way analysis of variance or
Kruskal–Wallis rank-sum test followed by Tukey’s post-hoc test.
Differences were considered significant at p<0.05.

Western blotting. Infection with Ad5F35-MKp-hCas9 was performed
at 0 (negative control), 10, and 100 MOI at an initial density of
300,000 cells/ml. Infected cells were seeded in a 6 cm dish and
incubated in 5% CO2 and 95% air at 37˚C for 4 days. After infection
for 48 h, the medium was replaced with a vector-free medium
containing 5% FBS, and cells were further incubated for 48 h. Cells
were then lysed in electrophoresis sample buffer (500 μl/dish) on
crushed ice and stored at −20˚C until western blotting. Samples (520 μl/lane) were separated on an 8% sodium dodecyl sulfate–
polyacrylamide gel electrophoresis gel, and electroblotting was
performed on a nitrocellulose membrane (pore size, 0.2 μm;
FUJIFILM Wako Pure Chemical, Osaka, Japan) in EzFastBlot
(ATTO, Osaka, Japan). The blotted membranes were pretreated with
1% skim milk in tris-buffered saline containing 0.5% Tween 20
(TBST) at 4˚C overnight. Membranes were then incubated with
EPR18991 anti-CRISPR-Cas9 rabbit monoclonal antibody (1/1,500
in TBST, Abcam, Cambridge, UK) overnight at 4˚C, followed by a
horseradish peroxidase (HRP)-conjugated anti-rabbit IgG (1/10,000
in TBST, Cell Signaling Technology, Boston, USA) and HRPconjugated anti-glyceraldehyde 3-phosphate dehydrogenase (1/20,000
in TBST; Medical & Biological Laboratories, Aichi, Japan) for 3 h at
room temperature. HRP was visualized using Amersham ECL Prime
western blotting Detection Reagents (GE Healthcare, Little Chalfont,
UK) according to the manufacturer’s protocol.
Polymerase chain reaction (PCR). PCR was performed to detect
hCas9 DNA in the infected cells. Infection with Ad5F35-MKp-
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Figure 1. A: Structure of chimeric Ad5F35 vector containing the human codon-optimized Streptococcus pyogenes Cas9 (hCas9) gene regulated by
the midkine promoter (Ad5F35-Mkp-hCas9). ITR: Inverted terminal repeat sequence; EGFP: enhanced green fluorescent protein gene; Ad35 Fiber:
the fiber knob of adenovirus type 35. B: The sequence of midkine promoter used in this study. This is based on the study of Uehara et al. (28). C:
The sequence of hCas9 gene. The bold underlined parts are the sequences of the polymerase chain reaction primer.

hCas9 was carried out in the same way as described in the western
blotting section. Infected cells were incubated in 5% CO2 and 95%
air at 37˚C for 3 days. At 48 h after infection, the medium was
replaced with a vector-free medium containing 5% FBS and cells
were further incubated for 24 h. After incubation, cells were
collected by centrifugation (190 × g, 10 min at 4˚C), followed by

removal of the medium and washing of the pellet. Total cell DNA
was extracted using a MonoFas gDNA Cultured Cells Extraction Kit
VI (ANIMO, Kawaguchi, Japan) according to the manufacturer’s
protocol. The hCas9-specific primers (forward primer: 5’-ATGCC
CCAAGTGAATATCGT-3’, reverse primer: 5’-CAGCTTGATGAT
CAGGTCCT-3; Figure 1C) were designed using Primer 3, and the
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Figure 2. Cytotoxicity of chimeric Ad5F35 vector containing the Cas9 gene regulated by the midkine promoter (Ad5F35-Mkp-hCas9) towards nonmalignant cells (PNT1A; A) and human bladder cancer cell lines (UMUC3; B, 253J; C and 5637; D). Cell viability was measured using 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay 4 days after infection. Data are the mean±standard error as a percentage of control
cells (uninfected cells). **Significantly different at p<0.01. MOI: Multiplicity of infection.

length of the PCR product was 329 bp. The PCR reaction was
performed using Tks Gflex™ DNA Polymerase (Takara Bio,
Kusatsu, Japan) according to the following protocol: 94˚C for 1
min, followed by 15-23 cycles of 95˚C for 10 s, 55˚C for 15 s, and
68˚C for 30 s. The amplified products were electrophoretically
separated on a 2% agarose gel, and the amplified products were
visualized with ethidium bromide and a UV transilluminator. At
least two experiments were performed to assess reproducibility.
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Results

Effect of Ad5F35-Mkp-hCas9 on cell viability. Figure 2
shows the cell viability rate measured by the MTT assay
in experimental cells 96 h after infection with Ad5F35Mkp-hCas9. In the case of the non-malignant cell line
PNT1A, significant survival inhibition was observed at
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Figure 3. Infection of HEK293 bladder cancer cells by chimeric Ad5F35 vector containing the Cas9 gene regulated by the midkine promoter
(Ad5F35-Mkp-hCas9). A: Polymerase chain reaction (PCR) results for HEK293 cells 72 h after infection. PCR products of about 300 bp were
detected in cells infected with Ad5F35-Mkp-hCas9 at 10 and 100 multiplicity of infection (MOI) (arrows), and these PCR products were in the same
position as the PCR products from the plasmid for the vector. No PCR products were detected in control HEK293 cells. B: Fluorescence of enhanced
green fluorescent protein 72 h after infection of HEK293 cells with 100 MOI of Ad5F35-Mkp-hCas9. HEK293 cells appeared round, and many cells
were floating but strong green fluorescence was observed (arrows; bar=250 μm). The brightness and contrast of these photos have been adjusted.
C: After 96 h from Ad5F35-Mkp-hCas9 infection, two specific signals of Ad5F35-Mkp-hCas9-infected HEK293 cells near 130-150 kDa (arrow),
and near 55 kDa (arrowhead) were detected by western blotting. The band of higher molecular weight was considered to be the hCas9 protein
because the molecular weight of hCas9 was calculated to be 164,649 Da. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

1,000 MOI of Ad5F35-MKp-hCas9. At 100 MOI, the
survival rate of PNT1A cells was lower than that of the
control but not significantly different by the Kruskal–
Wallis rank-sum test. On the other hand, significantly
higher viability than that of control was observed at 10
MOI (Figure 2A).

In UMUC3 cells, significant survival inhibition was
observed at 100 and 1,000 MOI of Ad5F35-MKp-hCas9. The
survival rate at 10 MOI was lower than that of the control
but no significant difference was detected by two-way
analysis of variance (Figure 2B). In 253J cells, 100 and
1,000 MOI of Ad5F35-MKp-hCas9 significantly reduced the
3735
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Figure 4. Vector-infected non-malignant PNT1A cells. A: Polymerase chain reaction product of human Cas9 (hCas9) DNA was confirmed 72 h after
infection with Ad5F35 vector containing the Cas9 gene regulated by the midkine promoter (Ad5F35-Mkp-hCas9) at both 10 and 100 multiplicity of
infection (MOI). B: Intracellular fluorescence of enhanced green fluorescent protein in PNT1A cells at 72 h after infection at 100 MOI with Ad5F35Mkp-hCas9, Ad5F35 vector containing the Cas9 gene under regulation by cytomegalovirus promoter (CMVp) (Ad5F35-CMVp-hCas9), and Ad5CMVp-enhanced green fluorescent protein (EGFP). No fluorescence of EGFP was observed in Ad5F35-Mkp-hCas9-infected cells. Very faint
fluorescence was observed in Ad5F35-CMVp-hCas9-infected cells (arrows). Many PNT1A cells that emitted strong fluorescence were observed after
infection with Ad5-CMVp-EGFP. Bar=250 μm. The brightness and contrast of these photos have been adjusted. C: No hCas9 signals were detected
by western blotting from Ad5F35-Mkp-hCas9-infected PNT1A cells. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

survival rate but no significant difference was observed at 10
MOI of Ad5F35-Mkp-hCas9 (Figure 2C). Similarly to
UMUC3 and 253J cells, 100 and 1,000 MOI of Ad5F35Mkp-hCas9 significant reduced the survival rate of 5637
cells. On the other hand, the survival rate at 10 MOI of
Ad5F35-Mkp-hCas9 was not significantly different from that
of the control cells (Figure 2D).

hCas9 expression in each cell line. PCR products with a
length of approximately 300 bp were detected in Ad5F35Mkp-hCas9 infected HEK293 cells at both 10 and 100 MOI.
These PCR products were detected at the same position as
the PCR products obtained from the plasmid vector. In
3736

contrast, no PCR products were detected in the control HEK
293 cells (Figure 3A). Intracellular EGFP expression was
observed from 24 h after infection with Ad5F35-Mkp-hCas9
at both 10 and 100 MOI. At 72 h after infection, all HEK293
cells appeared round and many cells were floating but strong
EGFP fluorescence was observed (Figure 3B). Western blots
revealed two bands that were specific to Ad5F35-MkphCas9-infected HEK293 cells (Figure 3C). One band was
between 130-150 kDa (arrow), and the other was near 55
kDa (arrowhead). The hCas9 protein used in this study was
1,423 amino acids long, and the calculated molecular weight
was 164,649 Da. Therefore, the band of higher molecular
weight was considered to be the hCas9 protein.
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Figure 5. Infection of bladder cancer cells with Ad5F35 vector containing the Cas9 gene regulated by the midkine promoter (Ad5F35-Mkp-hCas9).
A: Polymerase chain reaction (PCR) analysis of hCas9 expression at 72 h from infection. PCR products of hCas9 DNA were detected in all
experimental ceIl lines. B: Fluorescence enhanced green fluorescent protein (EGFP) 72 h after infection at 100 multiplicity of infection (MOI) of
Ad5F35-Mkp-hCas9. 253J and 5637 cells showed round shape and strong EGFP fluorescence was observed (arrows; bar=250 μm). On the other
hand, UMUC3 cells maintained a radial shape and EGFP fluorescence was dim (arrows). The brightness and contrast of these photos have been
adjusted. C: hCas9 protein expression in the bladder cancer cells at 96 h from infection. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

In PNT1A cells that were infected with Ad5F35-MkphCas9, a 300-bp PCR product was also observed. The PCR
signal of 100 MOI-infected PNT1A cells was stronger than
that of 10 MOI-infected cells (Figure 4A). However, no
EGFP fluorescence was observed in infected PNT1A cells,
even at 100 MOI of Ad5F35-Mkp-hCas9 (Figure 4B). On the
other hand, Ad5F35-CMVp-hCas9-infected PNT1A cells
showed a glimmer of fluorescence, and Ad5-CMVp-EGFPinfected PNT1A showed strong EGFP fluorescence (Figure
4B). No significant signals of hCas9 were detected by
western blotting in Ad5F35-Mkp-hCas9-infected-PNT1A
(Figure 4C).
hCas9 expression in bladder cancer cell lines. PCR products
were detected in all experimental bladder cancer cells (253J,
UMUC3, and 5637) after Ad5F35-Mkp-hCas9 infection
(Figure 5A). In general, the PCR signals of the 100 MOIinfected cells were stronger than those of the 10 MOIinfected cells.

Intracellular EGFP expression in the bladder cancer cells
after 72 h of Ad5F35-Mkp-hCas9 infection at 100 MOI is
shown in Figure 5B. At 100 MOI, EGFP fluorescence was
observed from 24 h after infection in all cell lines but no
EGFP expression was observed at 10 MOI. In 253J and 5637
cells, EGFP fluorescence was strong, and many cells
appeared round in shape. In contrast, UMUC3 cells showed
faint EGFP fluorescence and maintained a radial shape even
72 h after infection with Ad5F35-Mkp-hCas9.
Western blotting revealed hCas9-specific signals in
Ad5F35-Mkp-hCas9-infected bladder cancer cells (Figure
5C) at both 10 and 100 MOI. The average expression level
of hCas9 protein at 72 h after Ad5F35-Mkp-hCas9
infection is shown in Figure 6. No hCas9 expression was
observed in PNT1A cells. In the bladder cancer cell lines,
the hCas9 expression level was highest in HEK293 cells.
hCas9 expression of 100 MOI-infected cells was higher
than that of 10 MOI-infected cells except HEK293,
although without significance. The hCas9 protein level was
3737
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Figure 6. Relative expression levels of hCas9 protein in the experimental cell lines after infection with Ad5F35 vector containing the Cas9 gene
regulated by the midkine promoter (Ad5F35-Mkp-hCas9). PNT1A cells showed no hCas9 expression. After infection with Ad5F35-Mkp-hCas9 at
10 multiplicity of infection (MOI), 5637 cells showed relatively higher hCas9 expression than 253J and UNUC3 cells. At 100 MOI, 253J and 5637
cells showed higher hCas9 expression than UMUC3 cells. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

moderate in 253J and 5637 cells but relatively low in
UMUC3 cells.

Discussion

This study examined whether it was possible to achieve cancer
cell-specific hCas9 gene expression using the Ad5F35 vector
and midkine promoter. The Ad5F35 vector is a chimeric
adenovirus vector in which the Ad5 fiber knob is replaced with
the Ad35 fiber knob (4, 6, 7). Ad5 infects cells bearing
coxsackie and adenovirus receptors (30) but expression of such
receptors is relatively low in malignant cells (4, 31). In
contrast, Ad35 infects cells with CD46, which is more highly
expressed in malignant cells (31). Midkine is a heparin-binding
growth factor that is involved in various functions such as
mitogenesis, angiogenesis, anti-apoptosis, fibrinolysis, and
transformation (32). Increased midkine expression has been
observed in many types of cancer cells (8). Therefore, the
midkine promoter should be applied to express genes that are
useful for cancer treatment specifically in tumor cells (4, 33).
The data on cell viability and PCR suggest that the
Ad5F35-Mkp-hCas9 vector infected the PNT1A cells.
However, the expression of the hCas9 gene was not confirmed
by EGFP fluorescence and western blotting results. In other
words, in PNT1A, which is a non-malignant cell line, the gene
was not expressed even in cells infected with Ad5F35-MkphCas9. On the other hand, faint fluorescence was observed in
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Ad5F35-CMVp-hCas9-infected PNT1A cells, and strong
green fluorescence was observed in PNT1A cells infected with
Ad5-CMVp-EGFP. These observations indicate that the
Ad5F35 vector is less infectious to PNT1A cells than the Ad5
vector, and that CMVp is an effective promoter in PNT1A
cells. Taken together, similarly to our previous findings, we
can conclude that the combination of Ad5F35 and the midkine
promoter minimizes the possibility of unintended gene
expression in non-malignant cells.
In the bladder cancer cells used in this study, the
expression of hCas9 protein was confirmed by EGFP
fluorescence and western blotting after Ad5F35-Mkp-hCas9
infection. We already confirmed the expression of CD46 and
midkine in the bladder cancer cell lines used for this
experiment (4), and our present results are quite adequate. In
the present study, the relative hCas9 expression levels at
253J and 5637 cells were higher than those of UMUC3 cells,
and the apparent intensity of EGFP fluorescence in each cell
line also showed a similar tendency to the pattern of hCas9
expression. In our previous study, we investigated the mRNA
expression of CD46 and midkine in various bladder cancer
cell lines and found that UMUC3 cells showed the lowest
mRNA expression levels of both. Therefore, the expression
level of hCas9 is considered to correlate well with the
expression levels of CD46 and midkine mRNAs.
Cell viability data showed that 100 MOI of Ad5F35-MkphCas9 was toxic to non-malignant cells. In contrast, hCas9
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expression in bladder cancer cells was measurable even at
10 MOI, thus suggesting that it should be used at lower than
100 MOI for clinical application.
Although the CRISPR-Cas9 system is considered a
promising strategy for novel gene therapy, there are serious
concerns that unintended gene mutations due to off-target
effects may exacerbate cancer. Some studies have suggested
that the frequency of off-target mutations with the CRISPRCas9 system will reach 40-80% (22, 34). Currently, various
studies are in progress to minimize the risk of these offtarget mutations (25-27), and several methods using tissuespecific promoters have already been attempted to express
Cas9 endonuclease only in target cells (27). Our results
showed that the midkine promoter can specifically express
the Cas9 gene in bladder cancer cells.
The Ad5F35-Mkp-hCas9 vector did not carry a guide
RNA sequence. This is considered to reduce the risk of
unwanted gene editing compared to a vector containing
Cas9 and a guide RNA. In addition, the range of
application can be easily expanded simply by changing
only the guide RNA-vector, and we consider that this might
provide a new strategy for the treatment of refractory
bladder cancer. For example, anti-angiogenic therapy
generally lacks selectivity for tumor tissues. However,
cancer cell-specific anti-angiogenic therapy may be
achieved by the combination of the Ad5F35-Mkp-hCas9
vector and guide RNA targeting vascular endothelial
growth factor A.

Conclusion

The results of the present study showed that the Ad5F35MKp-hCas9 vector is capable of expressing the hCas9 gene
with high specificity in bladder cancer cells. We believe
these findings may help in minimizing the risk of off-target
effects of gene editing.
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