
Abstract. Background/Aim: Currently, treatment of non-muscle
invasive bladder cancer causes significant deterioration in a
patient’s quality of life (QOL). Therefore, development of novel
therapeutic options without the deterioration of QOL is very
important. In this study, we assessed the anti-tumor effect of
lentivirus-mediated gene transfection of tumor-suppressor genes
in human bladder cancer cells. Materials and Methods:
Lentiviral vectors that contained the tumor suppressor genes,
p53, p16, and PTEN, were transfected into human bladder
cancer cell lines, 5637, T24, 253J, and UMUC3, and the normal
human uroepithelial cell line, SV-HUC-1. Results: Significant
growth inhibition was observed in bladder cancer cells on
transfection with the p16 and PTEN vectors. However, the effect
of the p53 vector was limited. In normal cells, the lentiviral
vectors did not exhibit a significant growth inhibitory effect.
Conclusion: Lentiviral vector-mediated gene transfection is
useful for the application of gene therapy in bladder cancers. 

Most bladder cancers are non-muscle invasive bladder cancers
(NMIBC), and are found in over 70% of patients. NMIBC is
generally treated via transurethral resection of the tumor,
followed by intravesical administration of the anticancer agent
(1). However, most NMIBC cases develop recurrent tumors
and progress to a higher stage or grade (1). Bladder cancer
presents with relatively low incidence and mortality in Japan,
accounting for 30.3 new cases and 13.1 deaths per 100,000
individuals (2). However, NMIBC remains a crucial issue
because of its high recurrence rate.

Currently, Bacillus Calmette-Guérin (BCG) therapy is
thought to be the most effective therapy against refractory
NMIBC. However, it requires frequent intravesical injection,
becoming a source of distress and burden to patients. Moreover,
strong and unpleasant adverse effects occur in almost every
patient after receiving the BCG injection, causing significant
deterioration of a patient’s quality of life (QOL) (3). In fact,
many patients abandon BCG therapy with adverse effects;
hence, the completion rate of the therapy is only 50% in Japan
(4). Therefore, development of new treatments that do not
reduce the patient’s QOL is very important in treating NMIBC. 

Viral gene therapy may effectively treat NMIBC without
seriously deteriorating patient QOL. Recently, studies on the
adenoviral transfection of various genes were performed in
bladder cancer cells (5, 6). However, adenoviral vectors were
found to have certain disadvantages, such as transient gene
expression, high immune response, and cytotoxicity of the
virus particle. Our recent study reported low expression levels
of adenovirus receptors (coxsackie and adenovirus receptor)
in high-grade bladder cancer cells (7). Therefore, using
adenoviral vectors to treat NMIBC is believed to require
frequent administration and cause unpleasant side effects that
are caused by the cytotoxicity of virus particle. However,
lentivirus-mediated gene transfection showed long-term gene
expression without any cytotoxicity. Therefore, we considered
lentiviral vectors to be more suitable in treating NMIBC than
adenoviral vectors. 

In this study, we examined 3 tumor suppressor genes i.e.,
tumor protein 53 (p53), p16, and phosphatase and tensin
homolog deleted on chromosome 10 (PTEN).

p53 gene is a classical and typical tumor suppressor gene,
and its protein is known as “the guardian of the genome”.
Mutation of the p53 gene or functional inactivation of the p53
protein leads to apoptotic resistance in cancer cells.
Abnormality in p53 gene expression or functional inactivation
of the p53-related signaling pathway occurs in over 50% of
cancers, including bladder cancer (8). Therefore, p53 is an
attractive target for gene therapies in cancers (9). 
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p16 (also known as p14, p16/ink4a, ink4a, or Cyclin-
dependent kinase inhibitor 2A) is a cyclin-dependent kinase
(CDK) inhibitor that plays an important role in the regulation
of the cell cycle (10, 11). It also functions as a tumor suppressor
by inhibiting CDK4/6 (12). Similar to p53, p16 gene mutation
can also be observed in many cancers, particularly in about 50%
of bladder cancers (13). Thus, we believe p16 to be a promising
target for gene therapy in NMIBC.

The PTEN gene is also known to be a tumor suppressor
gene (14). Mutation of the PTEN gene has been reported in
various tumors (15,16), and PTEN gene or protein abnormality
was observed in about 50% of cancers (17). The PTEN protein
functions as a tumor suppressor by negatively regulating the
PI3K/Akt pathway via dephosphorylation of phosphatidyli-
nositol-3,4,5-trisphosphate (18). PTEN mutation is relatively
rare in human bladder cancers (19, 20); however, previous
studies that reported adenovirus-mediated PTEN gene therapy
on human urological cancer cells demonstrated promising
anti-tumor effects (21, 22). Therefore, we also included the
PTEN gene in this study. 

These tumor suppressor genes (p53, p16, and PTEN) have
been thoroughly studied with respect to gene therapy in
various cancers; however, lentivirus-mediated transfection has
not yet been performed. Here, we report the in vitro effect of
lentiviral vectors carrying tumor suppressor genes on the
viability of bladder cancer cells.

Materials and Methods

Lentiviral vectors. In this study, we used third-generation recombinant
HIV-1-based self-inactivating lentiviral vectors. These lentiviral
vectors were generated by co-transfecting 293T cells with 4 plasmids

(vector plasmid, gag-pol plasmid, rev plasmid, and envelope plasmid
pseudotyped with glycoprotein of the vesicular stomatitis virus). The
vector plasmids were constructed with 3 types of tumor suppressor
genes that expressed human p53 (Lenti-p53), human PTEN (Lenti-
PTEN), and human p16 (Lenti-p16), driven by the Cytomegalovirus
promoter (Figure 1).

After transfection and culture for 48 h, the medium containing the
lentiviral vectors was obtained and concentrated via ultracentrifugation
(2 rounds of 50,000 × g for 2 h). The titer of vectors was determined
by measuring the amount of p24 capsid protein using an ELISA kit
(Rimco Corporation, Uruma, Japan). The titers of the lentiviral vectors
were observed to be 5.0×107 transduction units/ml (TU/ml). 

Cell lines and cell culture. In this study, 4 human bladder cancer cell
lines, 5637, UMUC3, T24, and 253J, and one normal human
uroepithelial cell line, SV-HUC-1, were used. These cell lines were
purchased from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The characteristics of the cancer cell lines have
already been reported and are detailed in Table I. The 5637 cells were
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Figure 1. The 4 plasmids used to construct lentiviral vectors. Ψ: Packaging signal, RRE: rev-responsive element, cPPT: central polypurine tract, WPRE:
woodchuck hepatitis virus posttranscriptional regulatory element, VSV-G: glycoprotein of the vesicular stomatitis virus, CMV: cytomegalovirus promoter.

Table I. Histopathological grade and mutation status of the bladder
cancer cells used in this study.

Cell line        Grade          p531,2                    p161,2                   PTEN3

5637                  II            Mutation                   WT                        WT
UMUC3                          Mutation          WT/Mutation*           Mutation
T24                   III           Mutation          WT/Mutation*         Mutation**
253J                 IV               WT                   Mutation                    WT

1COSMIC database (http://cancer.sanger.ac.uk/cosmic), 2Earl et al.,
2015 (28), 3Platt et al., 2009 (33), *p16 gene mutation is not reported
in the COSMIC Database for these cell lines, but Earl et al., reported
mutation, **Mutation status is N48I (50), but protein expression is
observed in the T24 cell line.



grown in Roswell Park Memorial Institute 1640 (RPMI1640; Life
Technologies Co., NY, USA) medium and the other cell lines were
grown in Dulbecco’s Modified Eagle’s Medium (DMEM; Life
Technologies Co., NY, USA). Both media were supplemented with
10% heat-inactivated fetal bovine serum (FBS; BioWest, Nuaillé,
France) and 100 U/ml of penicillin-streptomycin (Nacalai Tesque Inc.,
Kyoto, Japan). The cultures were maintained in humidified 5% CO2
and 95% air at 37˚C. 

Infection with lentiviral vectors. Lentiviral vector infection was
performed at 50 and 100 multiplicity of infection (MOI), and we
considered that number of cells/ml × MOI=TU/ml. 

The experimental cells were diluted to 60,000 cells/ml in each growth
medium. Each lentiviral vector was dissolved in serum-free RPMI1640
or DMEM for 6.0×106 TU/ml and 1.2×107 TU/ml. Infection with the
lentiviral vectors was performed in the mixtures containing equal
amounts of cell suspension and dissolved lentiviral vectors (final
concentration is 50 MOI and 100 MOI for 30,000 cells/ml). To improve
the infection efficiency, we used a modified spinfection method where
the mixtures were centrifuged at 1200 × g for 1 h at 32˚C (23). The cells
were then seeded into 96-well plates (3,000 cells/well, 5% FBS
containing medium) and incubated in 5% CO2 and 95% air at 37˚C.
After infection for 24 h, the medium was replaced with fresh medium
containing 5% FBS and further incubated for 72 h.

Measuring the cell growth inhibition rate. The growth inhibition rate
of each cell was measured via the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. After 96 h of lentiviral
vector infection, 250 μg/ml of MTT (Dojin Kagaku, Kumamoto,
Japan) was dissolved in serum-free DMEM 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 h. The stop
solution (20% SDS and 50% N, N-Dimethylformamide containing
0.04 M HCl) was added to each well (100 μl/well) and incubated
overnight at RT with mechanical shaking. The cell viability was
assessed via the MTT assay using SpectraMax® Plus 384 (Molecular
Devices, CA, USA) as described previously (24). The percentage of

cell growth inhibition rate was calculated from the following
absorbance measurements: An, negative control (no cells); Ac, positive
control cells (mean absorbance of non-infected cells: 0% of growth
inhibition); and Ax, lentiviral vector-treated cells. They were then
applied in the following equation: 100-((Ax−An)/(Ac−An) ×100).

Statistical analysis. All the data were analyzed using the JSTAT 
ver. 22.0J software (free ware), and the results were expressed as
mean±standard error (S.E.). Statistical comparisons between the
different MOIs of the vectors against each respective cell line were
performed using a one-way ANOVA followed by the Tukey’s post-
hoc test. Differences were considered to be significant when p<0.05.

Results

In this study, the growth inhibitory effect of lentiviral vectors
was measured via the MTT assay. The cell growth inhibition
rate was assessed 96 h after infection. 

Effect of Lenti-p53. Lenti-p53 did not exhibit a significant
effect on cell inhibition, except in T24 cells (Figure 2).
However, the effect of Lenti-p53 on T24 was limited, and the
growth inhibition rate was observed to be 4.133% at 100 MOI
(f(13,2)=4.140, p=0.046). The other bladder cancer cells and
SV-HUC-1 cells did not exhibit significant changes after
Lenti-p53 infection.

Effect of Lenti-p16. Lenti-p16 exhibited a significant effect on
the cell growth of T24, 253J, and UMUC3. No significant
effects were observed in the 5637 and SV-HUC-1 cells (Figure
3). In T24 cells, the growth inhibition rate after infection was
only 10.766% at 100 MOI, but statistical significance was
detected (f(13,2)=6.713, p=0.012). Infected UMUC3 cells
showed a moderate growth inhibition rate, which was
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Figure 2. Cell growth inhibition rate of each cell line 96 h after p53 vector infection. Significant growth inhibition was not observed in the experimental
cells, except in T24. The data represents the mean±S.E. of the mean percentage (0%=cell inhibition rate of uninfected cells). N=3-5, *p<0.05.



20.014% at 100 MOI (f(10,2)=6.234, p=0.023). The most
notable effect of Lenti-p16 was observed in the 253J cells. The
growth inhibition rates of the 253J cells after infection were
30.987% at 50 MOI and 35.756% at 100 MOI
(f(10,2)=438.285, p<0.001).

Effect of Lenti-PTEN. Lenti-PTEN exhibited a significant
effect on 5637, 253J, and UMUC3 cells, but did not affect T24
and SV-HUC-1 cells (Figure 4). Lenti-PTEN exhibited a
moderate effect on the 5637 cells and a significant growth
inhibition rate of 13.671% at 100 MOI (f(14,2)=4.118,
p=0.044). On the other hand, the UMUC3 and 253J cells

demonstrated a higher sensitivity to the Lenti-PTEN vector
when compared to the 5637 cells. The growth inhibition rates
of the infected UMUC3 cells were 21.327% at 50 MOI and
29.345% at 100 MOI (f(10,2)=11.241, p=0.005). In 253J cells,
the growth inhibition rates were 22.301% at 50 MOI and
26.238% at 100 MOI (f(9,2)=23.460, p<0.001). 

Discussion

In this report, we noticed 3 typical tumor suppressor genes
(p53, p16, and PTEN) and examined the effects of lentiviral
vector-mediated transfection of the tumor suppressor genes in
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Figure 3. Cell growth inhibition rate of each cell line 96 h after p16 vector infection. Significant growth inhibition was observed in UMUC3, T24, and
253J cells. The data represents the mean±S.E. of the mean percentage (0%=cell inhibition rate of each uninfected cell line). N=3-5, *p<0.05, **p<0.01.

Figure 4. Cell growth inhibition rate of each cell line 96 h after PTEN vector infection. Significant growth inhibition was observed in 5637, UMUC3, and
253J cells. The data represents the mean±S.E. of the mean percentage (0%=cell inhibition rate of each uninfected cell line). N=3-5, *p<0.05, **p<0.01.



bladder cancer cells and normal human uroepithelial cells. Our
aim was to develop an effective treatment for NMIBC without
seriously deteriorating patient QOL. 

In SV-HUC-1 cells (normal human uroepithelial cell
line), significant growth inhibitory effects could not be
observed after lentiviral vector infection. These results
suggested that lentiviral vectors were a safe strategy for
gene therapy. Currently, adenoviral vectors are widely used
in the application of gene therapy. However, concerns have
been raised regarding the safety of adenoviral vectors in
clinical use because of their direct cytotoxic effects on
target cells in vitro (25). Therefore, lentiviral vectors appear
to be more suitable for cancer therapy. Although it is
currently not possible to treat NMIBC without significantly
deteriorating patient QOL, lentiviral vector-mediated gene
therapy could possibly improve patient QOL in treating
NMIBC in the future.

p53 mutation is observed in various human cancers, and
several previous studies have shown the effectiveness of
transfecting p53 into cancer cells (26, 27). Moreover,
adenovirus-mediated p53 gene therapy has already been
approved in China for the treatment of head and neck cancers
(9). In this study, our lentiviral p53 vector, Lenti-p53, showed
only a limited effect on T24 cells and no significant effect on
the other bladder cancer cell lines (Figure 2). Mutation of the
p53 gene has been reported in T24, 5637, and UMUC3 cell
lines, but 253J contains the wild-type p53 (Table I) (28).
Therefore, it is possible that the limited effect of the Lenti-p53
in our study is not directly related to the p53 gene mutation.
On the other hand, previous reports showed that the
adenovirus-mediated p53 gene transfer suppressed the
viability of the 5637 and 253J-BV cell lines (29), and
knockdown of the mutant p53 induced apoptosis in the T24
cell line (30). These reports suggested that anti-tumor effects
could be induced by simply restoring p53 abnormalities.
Cumulatively, the poor efficacy of our p53 vector could be the
result of the low in vitro infection efficiency of retroviruses,
including lentiviral vectors (31,32). 

The Lenti-p16 vector showed significant growth inhibition
in UMUC3, T24, and 253J cells, with the most significant
inhibition being observed in the 253J cells (Figure 3).
Homozygous deletion of the p16 gene has been reported in the
253J cell line (28) and thus, our result appears to be
reasonable. On the other hand, the 5637 cell line showed no
significant effect when subjected to the Lenti-p16 vector. It
has a wild-type p16 gene (28); therefore, transfection of the
p16 gene may be useless. The status of the p16 gene is unclear
in the UMUC3 and T24 cell lines (Table I), but 100 MOI of
Lenti-p16 demonstrated significant growth inhibition in
UMUC3 and T24 cells. Understanding the status of the p16
gene will provide important clues about the anti-tumor effects
of Lenti-p16. Therefore, it is necessary for us to examine the
gene status of p16 in UMUC3 and T24 cells. 

The Lenti-PTEN vector distinctly inhibited cell growth in the
UMUC3 and 253J cells, and modestly inhibited the cell growth
in the 5637 cells (Figure 4). PTEN gene mutation and deficient
PTEN protein expression has already been reported in the
UMUC3 cell line (33). However, the 253J and 5637 cell lines
contain the wild-type PTEN gene (Table I). Therefore, it is
possible that the cell inhibitory effect of Lenti-PTEN is not
directly related to the mutation of the PTEN gene. PTEN gene
mutation is believed to be rare in human bladder cancers (19,
20), but Lenti-PTEN showed significant cell growth inhibition,
regardless of PTEN gene mutation. Therefore, we believe that
Lenti-PTEN could be most useful in treating NMIBC. 

On the other hand, the T24 cells exhibited no significant
effect after being transfected with our PTEN vector. The T24
cell line has a mutated PTEN gene, but PTEN protein
expression has been reported (33). The function of the
transfected PTEN gene is thought to be inhibited by the
expression of the mutated PTEN protein in T24 cells.

In this study, lentivirus-mediated transfection of tumor
suppressor genes demonstrated prospective anti-tumor effects
on bladder cancer cell lines. Moreover, lentiviral vectors also
showed high safety while transfecting normal cells. Although
BCG therapy is thought to be the most effective treatment for
NMIBC, its strong adverse effects result in significantly
reducing patient QOL. Virotherapy using lentivirus may be a
possible solution to effectively treat NMIBC without seriously
deteriorating patient QOL.
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