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Abstract. transitional cell carcinomas (tccs) of the 
urinary bladder are common malignancies with a high 
recur rence rate. since micrornA-21 (mir-21) may 
contribute to tumorigenesis and chemoresistance in many 
cancer types, we aimed to investigate its efficacy in 
tccs. the expression of mir-21 and its target pten was 
determined by real-time qrt-pcr and western blotting, 
respectively in tumor tissues as well as adjacent non-tumor 
mucosa. the effect of mir-21 on cell proliferation and 
chemosensitivity to doxorubicin were measured using the 
Mtt method. cell apoptosis induced by doxorubicin was 
investigated using f low cytometry in the t24 cell line. 
Bcl-2, AKt and pAKt were detected by western blotting for 
analysis of potential mechanisms. miR-21 was significantly 
up-regulated in tumor tissues while pten was expressed 
in lower levels compared to non-tumor tissues. A negative 
correlation between expression of mir-21 and pten was 
established in vivo. cell proliferation and chemoresistance 
to doxorubicin were promoted by overexpression of mir-21 
in t24 cells. Bcl-2 up-regulation could be achieved 
by mir-21 overexpression, which prevented t24 cells 
from apoptosis induced by doxorubicin. Furthermore, the 
mir-21 induced Bcl-2 up-regulation could be cancelled 
by the PI3K inhibitor LY294002. These data verified the 
oncogenic role of mir-21 in tccs and may usher in new 
therapeutic strategies in treating this disease.

Introduction

Bladder cancer is one of the most common malignancies 
around the world, with about 70,980 new cases and 14,330 
deaths in United states in 2008 (1). In china, it is the most 
common cancer in the urinary tract. Most of them are 
transitional cell carcinomas (tccs), and approximately 70% 
tumors are confined to the mucosa or submucosa at the initial 
diagnosis. these non-muscle invasive tumors are typically 
treated with transurethral resection followed by intravesical 
therapy according to current guidelines. Doxorubicin and 
its derivants are commonly used as intravesical agents in 
treating bladder cancers. However, there are still 31-78% 
patients suffering recurrence in 5 years. Moreover, about 20% 
of recurred patients have disease progression (2). recurrence 
usually occurs during or after intravesical chemotherapy, so 
chemoresistance may be one of the mechanisms of disease 
resurgence.

micrornAs (mirnAs) are short non-coding rnAs regu-
lating gene expression post-transcriptionally by suppressing 
protein translation or accelerating degradation of mrnAs 
through non-stringent binding to mrnA 3' untranslated 
regions (3' Utr). mirnAs regulate expression of hundreds of 
target mrnAs simultaneously, thus control cellular processes, 
including proliferation, differentiation, apoptosis and tumori-
genesis (3). there are over one thousand mirnAs registered 
in the database and among them mir-21 has been the best hit 
in a number of profiling experiments designed to detect dereg-
ulated mirnAs in many cancer types, including breast, colon, 
lung, pancreas, prostate, stomach (4,5). Besides, mir-21 is also 
highly expressed in various cancer cell lines, suggesting its 
close relationship with carcinogenesis (6). Functional studies 
have also shown oncogenic role of mir-21. overexpression 
of mir-21 often enhances cell proliferation, promotes cell 
cycle progression, increases anti-apoptotic activation, and 
boosts cell motility and invasion in various cancer cells while 
knockdown of mir-21 by chemically modified antisense 
oligonucleotides (Aso) usually renders opposite changes 
(7-10). several recent reports have also shown that mir-21 
modulates sensitivity to cytotoxic drugs and it is believed that 
higher mir-21 expression results in chemoresistance in many 
cancer types (11-14). these results put up a possible applica-
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tion of mir-21 as a therapeutic target. these observational 
phenomena are thought to be due to its suppression of several 
tumor suppressive genes, such as pten, pDcD4 or tpM1 
(9,15-17). However, the exact mechanisms underlying its 
wide effect are still unclear.

In TCCs, although several profiling studies have revealed 
mir-21 may participate in the tumorigenesis and most 
probably correlate to advanced diseases, functional study 
is still scarce (18,19). In this study, we found mir-21 was 
highly expressed in advanced tcc tissues compared with 
its adjacent non-tumor tissues and negatively correlated to 
the protein level of pten as well. Furthermore, we showed 
the influence of miR-21 on cell proliferation in T24 cell line. 
then, by calculating Ic50 of doxorubicin we found that 
mir-21 could modulate the chemosensitivity of t24 cells 
to doxorubicin. we also demonstrated that these results 
could be, at least partly, attributed to modulating cellular 
anti-apoptotic Bcl-2 expression, which manifested a 
dependence on pten mediated AKt activation.

Materials and methods

Tumor samples. All tumor samples were harvested during 
radical cystectomy and confirmed transitional cell carcinoma 
by pathological study post operatively. Adjacent non-tumor 
mucosa was also resected simultaneously, and half of it was 
sent to pathological inspection to rule out contamination of 
tumor. the collection and use of human tissues for inves-
tigational purpose was under the approval of our hospital's 
ethics committee. tumor staging was determined by ptnM 
classification and tumor grading was according to WHO 2004 
grading system.

Cell lines. Human bladder cancer cell line t24 was purchased 
from cell bank of chinese Academy of science (shanghai, 
China). T24 cells were cultured in monolayer at 37˚C and 5% 
co2 with rpMI-1640 medium (Invitrogen) supplemented with 
10% fetal bovine serum, 100 units/ml penicillin g (sigma), 
100 µg/ml streptomycin (sigma). cells were subcultured every 
2 days using trypsin/eDtA solution (saline containing 0.05% 
trypsin, 0.01 M sodium phosphate and 0.53 µM eDtA, 
pH 7.4). pI3K inhibitor ly294002 was dissolved in DMso 
(Beyotime Institute of Biotechnology, Jiangsu, china) and 
added to cells at the final concentration of 10 µM.

Real-time qRT-PCR. total rnA was extracted from tissues 
using TRIzol reagent (Invitrogen). Real-time qRT-PCR 
for mir-21 was performed with taqman micrornA assay 
(Applied Biosystems) according to manufacturer's protocol. 
Briefly, a total 10 ng RNA was used for the initial reverse 
transcription reaction using gene specific stem-loop rt 
primer available in the kit. real-time pcr was performed 
on AB7300 thermo-recycler (Applied Biosystems) using 
mir-21 primer set and probes. each sample was replicated 
three times with no rt and no template control included. 
Data were analyzed by comparing Ct values.

Transfection of the microRNA mimics or inhibitor. mir-21 
mimics and its antisense inhibitor were designed according 
to mature mir-21 sequence. the sequence of mir-21 mimics 

was 5'-UAgcUUAUcAgAcUgAUgUUgA-3' and the 
scrambled control was 5'-UUcUccgAAcgUgUcAcgU 
tt-3'. the sequence of mir-21 antisense oligonucleo-
tides with 2'o-Methyl modification was 5'-UcAAcAU 
cAgUcUgAUAAgcUA-3', while the control sequence was 
5'-cAgUAcUUUUgUgUAgUAcAA-3'. the sequences 
were synthesized by Genepharm Biotechnology (Shanghai, 
China) and verified by sequencing. Cells were transfected with 
30 nM mature mir-21 mimics, mir-21 antisense inhibitor, 
or controls using lipofectamine 2000 transfection reagent 
(Invitrogen) at about 70% confluence according to the manu-
facturer's protocol.

Cell proliferation assay. cells transfected with mir-21 
mimics, inhibitor or controls were seeded in 96-well plates 
at a density of 3,000 cells per well. cell proliferation was 
documented at 24, 48, 72 and 96 h after transfection. 3-(4, 
5-dimethyl-2-thiazoyl)-2,5-diphenyl-2H-tetrazolium bromide 
(Mtt) solution (20 µl) were added into each well and incu-
bated at 37˚C for 4 h. The plates were briefly centrifuged, and 
the purple colored precipitates of formazan were dissolved 
in 200 µl DMso. Absorbance was measured at 490 nm in 
an elIsA reader (Bio-rad, richmond, cA, UsA). six-well 
replication for every time point in each group was performed. 
proliferation curves were drawn on the basis of mean absor-
bance at each time point.

Chemosensitivity assay. Forty-eight hours after transfection, 
cells were digested and plated in 96-well plates at the density 
of 3,000 cells per well. After an overnight incubation, the cells 
were treated with doxorubicin (sigma) at various concentra-
tions. cell viability was measured after 48 h by Mtt method 
as described. the suppression rate was calculated as follow: 
suppression rate = (1-oDtreated/oDcontrol) x 100%. the dose-
response curve at different concentrations was charted to 
calculated the Ic50 using a probit regression model. each 
concentration included 5 replicating wells and the experi-
ments were performed 3 times independently to obtain a 
mean value of Ic50.

Cell apoptosis assay. Forty-eight hours after transfection, 
t24 cells were seeded at a density of 1x106 cells per 10-mm 
dish, and treated with doxorubicin at proper concentration 
for 24 h. Then the cells were collected by brief trypsinization 
and washed twice in pBs. After incubation with 5 µl of 
Annexin v-FItc and 10 µl of propidium iodide (pI) at room 
temperature for 15 min in dark, cells were analyzed by flow 
cytometry (BD, NJ, USA). Apoptosis cells were recognized 
as high Annexin v fluorescence signal with low pI signal. 
the percentages of apoptotic cells were calculated by data 
from FAcs analysis and the result was presented in the 
bar chart.

Western blot analysis. primary antibodies used in this study 
including pten, AKt, phosphorylated AKt and Bcl2 were 
products of Bioworld technology (louis park, Mn, UsA). 
Antibodies against β-actin were purchased from Santa Cruz. 
total protein of cells were prepared using rIpA lysis buffer. 
the concentration of protein was determined and a total 40-µg 
protein was loaded in one lane in 12.5% sDs-polyacrylamide 
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gels. After electrophoresis, the proteins were electro-trans-
ferred to polyvinylidene fluoride (PDVF) membranes. The 
membranes were blocked with 5% defatted milk and incu-
bated with primary antibodies. the blots were then incubated 
with horseradish peroxidase-conjugated secondary antibodies 
(Santa Cruz). The blot was developed with ECL solution 
(pierce, rockford, Il, UsA) and photographed by Fluorchem 
imaging system (Alpha Innotech). the intensity of each spot 
was read and analyzed with AlphaEaseFC software.

Statistical analysis. Quantitative data are presented as mean 
± sD, and compared using student's t-test. Frequency data 
were presented directly and compared using the U test. Ic50 
was calculated from dose-response curve using a probit 
regression model. All the analyses were performed with 
spss 12.0. p-value <0.05 was considered to be statistically 
significant.

Results

miR-21 is highly expressed in TCC tissues and negatively 
correlated to PTEN expression. We firstly determined the 
expression of mir-21 and its target gene pten in tcc tissues 
by real-time rt-pcr and western blot analysis, respectively. 
For some technical reasons, this series of samples were 
collected during radical cystectomy and only represented 
advanced tumors (table I). As depicted in Fig. 1, mir-21 
was highly expressed in tumors compared to its adjacent 
non-tumor mucosa whereas PTEN was significantly lower in 
tumors, both p<0.05. correlation analysis showed a moderate 
negative correlation between expression of mir-21 and 
PTEN (r=-0.86, P<0.01). These results confirm that miR-21 
is a highly expressed mirnA in tccs and may target tumor 
suppressor gene pten in vivo.

miR-21 promotes cell proliferation in T24 cells. Bladder 
cancer t24 cells have an aggressive phenotype and a moderate 
mir-21 level (19). to evaluate the biological impact of mir-21 
on cell proliferation in t24 cells, we up- and down-regulated 

mir-21 by transfecting synthetic mir-21 mimics or antisense 
inhibitor in t24 cells. As shown in Fig. 2A, cell proliferation 
was significantly promoted by up-regulation of miR-21 72 
and 96 h after transfection comparing with negative control, 
while down-regulating mir-21 rendered a suspension of cell 
growth 48 h after transfection (p<0.05). these results indicate 
mir-21 may modulate cell growth and play an oncogenic role 
in bladder cancer cells.

miR-21 modulates chemosensitivity to doxorubicin in T24 
cells. there is increasing evidence showing that anti-mir-21 
treatment sensitizes chemotherapy in various cancer types. 
we tested whether mir-21 could modulate sensitivity of 
t24 cells to doxorubicin, a commonly used cell toxic drug 
in intravesical chemotherapy as well as systemic chemo-
therapy in advanced bladder cancer patients. Dose-response 
curves were charted for each group. Fig. 2B shows that the 
curve shifted inward for mir-21 mimics group compared 
with its control, which indicates desensitization to the 
drug. On the contrary, anti-miR-21 sensitized the cells to 
this agent as shown in Fig. 2c. Doxorubicin concentration 
of 50% inhibition of cell growth (Ic50) was 1284.2±280.3 
ng/ml for mir-21 mimics treated group and 689.4±58.3 
ng/ml for negative control (p<0.05), whereas 369.7±65.8 
ng/ml for anti-mir-21 group and 692.4±35.1 ng/ml for its 
control (p<0.05, Fig. 2D). these results demonstrate that 
mir-21 could modulate chemosensitivity of t24 cells to 
doxorubicin.

miR-21 influences cell apoptosis induced by doxorubicin 
in T24 cells. Further, we performed f low cytometry to 
evaluate the influence of miR-21 on cell apoptosis induced 
by 500 ng/ml doxorubicin. As shown in Fig. 3, overexpression 
of mir-21 prevented cells from apoptosis at about 50%, while 
down-regulation of miR-21 significantly increased cell death 
(both p<0.01). this was consistent with the change of drug 
sensitivity and demonstrated that mir-21-induced chemosen-
sitivity alteration was probably mediated by the cell apoptosis 
pathway.

table I. clinical and pathological features of each sample as well as the relative expression of mir-21 and pten (mean ± sD).

 relative expression relative expression
 of mir-21a of ptenb

 ------------------------------------------------------- -----------------------------------------------------
no. gender Age stage grade t n t n

1 Male 68 t2n0M0 High -5.56±0.08 -2.65±0.37 1.09±0.23 0.53±0.16
2 Male 77 t2n0M0 High -7.49±0.35 0.99±0.09 1.30±0.17 -1.29±0.27
3 Female 73 t3n0M0 High -11.41±0.70 -1.9±0.28 1.79±0.34 1.03±0.35
4 Male 59 t2n0M0 High -5.04±0.28 0.84±0.09 1.25±0.16 0.34±0.22
5 Male 48 t2n0M0 High -4.74±0.31 2.08±0.14 0.99±0.36 -1.56±0.16
6 Male 71 t3n1M0 High -9.46±0.52 1.99±0.05 2.00±0.31 -0.18±0.12
7 Male 66 t2n0M0 low -7.02±0.51 -0.4±0.13 2.51±0.11 0.35±0.09
8 Male 80 t2n0M0 High -8.00±0.65 1.65±0.07 1.24±0.28 -0.39±0.14

aPresented as ddCt, normalized to RNU6B. bcalculated from dividing the density of pten by that of β-actin. the values underwent -log2 
transformation. t, tumor; n, adjacent non-tumor mucosa.
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miR-21 regulates BCL-2 expression in a PI3K/AKT-dependent 
manner. Bcl-2 is considered a major pro-survival protein 
in challenged intracellular environment, which suppresses 
programmed cell death induced by various stress factors (20). 
we demonstrated in protein level that Bcl-2 was up-regulated 
by transfection of mir-21 mimics and down-regulated by anti-
mir-21 treatment (Fig. 4A). since Bcl-2 has crosstalk with the 
pI3k-AKt pathway and mir-21 may target pten, a powerful 
endogenous suppressor of the pI3K pathway, we detected 
pten, AKt and pAKt for further analysis (15,21,22). As 
expected, pten was under-expressed after mir-21 transfec-
tion and over-expressed after anti-mir-21 transfection. 
Furthermore, AKt, the key kinase in this pathway, was more 
phosphorylated to an active form after mir-21 overexpression 
(Fig. 4A and B). to investigate whether Bcl-2 up-regulation 
induced by mir-21 is dependent on pI3k-AKt pathway, we 
inhibited pI3K by ly294002 pre-treatment, a well understood 
pIp3 inhibitor. As shown in Fig. 4c, pre-treatment of 10 µM 
ly294002 apparently suppressed AKt phosphorylation but 
did not directly influence the expression of BCL-2 in protein 
level. However, Bcl-2 up-regulation induced by mir-21 
was dampened. these results indicate mir-21 could induce 
Bcl-2 up-regulation probably in a pI3K-AKt-dependent 
manner.

Discussion

In the current study, we provided a functional investigation 
of mir-21 in bladder cancer in vitro, showing its critical role 
in cell proliferation, apoptosis as well as chemosensitivity. 
we also showed that the oncogenic role of mir-21 might be 
attributed to its suppression of pten in t24 cells.

miR-21 has been recognized as the most prominent 
mirnA implicated in carcinogenesis and is up-regulated 
in many cancer types. It is involved in promotion of tumor 
cell growth and proliferation, acceleration of cell cycle 
progression, suppression of cell apoptosis and induction of 
chemoresistance. recent studies showed that the expression 
of mir-21 discriminated invasive phenotype from non-
invasive one in tccs (18,19). consistent with these studies, 
our results also demonstrated mir-21 was up-regulated 
and might play an oncogenic role in advanced bladder 
cancers, promoting cell proliferation in a bladder cancer 
cell line.

cell growth is governed by multiple signal cascades 
including cell cycle control, growth factor pathways and 
protein synthesis. Among them, pI3k-AKt pathway may 
play a critical role. various growth factor receptors, such as 
EGFR, utilize PI3K/AKT as signal transduction route (23). 
Furthermore, gβl-rictor-mtor complex senses intracel-
lular energy supply and transduces growth signal to the 
downstream AKt molecule, in this manner connecting 
extracellular stimulations with intracellular environments 
(24,25). phosphatase and tensin homolog (pten) is a 47-kDa 
phosphatidylinositol-3,4,5-trisphosphate 3-phosphatase, 
containing a tensin-like domain and a catalytic domain similar 
to that of the dual specificity protein tyrosine phosphatases. 
this protein dephosphorylates phosphoinositide, negatively 
regulating intracellular level of pIp3 in cells and thus the 
AKt signaling pathway (26). pten is identified as a tumor 

Figure 1. expression of mir-21 and pten in tcc tissues. (A) western blot 
analysis of pten in tcc tissues, β-actin as a loading control. t denotes 
tumor and n represents adjacent non-tumor mucosa. (B) relative expression 
of miR-21 and PTEN after normalization. Expression data of PTEN were 
normalized to β-actin and underwent a -log2 transformation to get a loga-
rithm form. Delta ct between mir-21 and rnU6B is presented as logarithm 
form of relative level of mir-21. *p<0.05. (c) pearson correlation analysis of 
expression of miR-21 and PTEN with 95% confidence ellipse. Correlation 
coefficient was -0.86, P<0.01.



oncology reports  25:  1721-1729,  2011 1725

Figure 2. (A) comparison of t24 cell proliferation after transfection with mir-21 mimics, antisense inhibitor and their negative controls respectively with 
Mtt assay. overexpression of mir-21 promoted cell proliferation 72 h after transfection while down-regulation of mir-21 affected cell growth 48 h later. 
*p<0.05. (B) mir-21 mimics conferred chemoresistance to doxorubicin in t24 cells. the dose-response curve shifted downwards after mir-21 mimics 
transfection compared with its control. (C) miR-21 inhibitor sensitized cells to doxorubicin. The dose-response curve shifted upward when compared with 
negative control. (D) comparison of Ic50 of doxorubicin in each treatment group. Ic50 was calculated from dose-response curve using a probit regression 
model. Data are presented as the mean ± sD from three independent experiments. *p<0.05.
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suppressor and frequently mutated in a large number of 
cancers including bladder tumors (27). Besides genomic vari-
ation, transcriptional and post-transcriptional regulation may 
represent other avenues to pten absence. MicrornAs stand 
for a novel mechanism mainly regulating gene expression 
post-transcriptionally by binding to mrnA 3' untranslated 
region. It has been reported that mir-21 targets pten 
and negatively regulates its expression, through which its 
oncogenic role was observed (15,16,28,29). we found the 

protein level of pten was negatively correlated to the level 
of mir-21-tumor tissues showing higher level of mir-21 
and lower level of pten expression compared with adjacent 
non-tumor tissues. Our study also verified miR-21 targeting 
pten in t24 cells and deterring the phosphorylation of AKt. 
By overexpression of mir-21 in t24 cells, pten is negatively 
regulated in protein level and the ratio of phosphorylated 
AKt to total AKt is elevated, leading to growth facilitation. 
However, pten independent mechanisms are also reported 

Figure 3. Flow cytometry assessment of cell proliferation induced by doxorubicin in each group. t24 cells were transfected with mir-21 mimics, antisense 
inhibitor and their negative controls, respectively. After 48-h incubation, doxorubicin was added to a final concentration of 500 ng/ml. After another 24-h 
incubation, cells were briefly trypsinized, washed and then collected for flow cytometry analysis. Annexin V and PI double staining was performed to reveal 
nuclear deformation in apoptotic cells. cells showing high Annexin V signal with low PI signal were recognized as apoptosis (Q1). (A) T24 cells transfected 
with mir-21 mimics. (B) cells transfected with negative control of mimics. (c) cells transfected with mir-21 antisense inhibitor. (D) cells transfected with 
negative control of inhibitor. (e) compare of percentage of apoptotic cells in each group. Frequency data were compared using the U test. *p<0.01.
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elsewhere. other targets such as pDcD4 (programmed cell 
death 4) and spry2 may also contribute to the mir-21 induced 
cell proliferation enhancement. In this study, we only showed 
one aspect of a multi-faceted micrornA gene and we can 

not exclude other mechanisms which miR-21 may utilize. 
However, it seems that pten mediated the pI3k-AKt 
-dependent mechanism may play a role in oncogenic effect 
of mir-21 in tccs.

Figure 4. (A) Analysis of pten and Bcl-2 expression in each treatment group by western blot analysis. β-actin was used as a loading control. Data were 
normalized to β-actin and presented in a column chart. *p<0.05. (B) western blot analysis of p-AKt and AKt expression in each group. (c) mir-21 induced 
BCL-2 up-regulation can be cancelled by LY294002 treatment. LY294002 was added to a well at the final concentration of 10 µM when changing culture 
medium after transfection and continued culture for 72 h. LY294002 alone did not apparently influence BCL-2 expression albeit AKT phosphorylation was 
suppressed. However, Bcl-2 up-regulation induced by mir-21 mimics was dramatically dampened.

  A

  B

  C
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We also demonstrated for the first time that up-regulation 
of mir-21 could induce chemoresistance to doxorubicin in 
T24 cell line while down-regulation of miR-21 sensitized 
t24 cells to the drug. Doxorubicin is widely used as cyto-
toxic agent for intravesical and intravenous chemotherapy 
in superficial as well as muscle invasive bladder cancers. It 
is an anthracycline antibiotic which works by intercalating 
DnA so preventing DnA from being resealed, stops repli-
cation and eventually damages DnA structure. All these 
intra-nucleus events lead to cell growth arrest and apoptosis. 
currently, drug resistance is the major reason for treatment 
failure. several mechanisms underlie the development of 
chemo-resistance including enhanced drug pump out due 
to multi-drug resistance gene related pathway, increased 
DnA damage repair, and weakened cell apoptosis. mir-21 
is thought to be a pro-survival micrornA showing anti-
apoptosis activity mainly due to its ability to induce Bcl-2 
expression, a powerful endogenous anti-apoptosis protein. It 
has been demonstrated that apoptosis induced by anti-mir-21 
was due to the down-regulation of Bcl-2 in the McF-7 
breast cancer cell line (10). In this study, we show that over-
expression of mir-21 decreases t24 cell apoptosis induced 
by doxorubicin, inhibiting mir-21 increases cell death. 
Additionally, we revealed that mir-21 overexpression could 
induce Bcl-2 expression and inhibition of mir-21 abrogated 
this effect. Furthermore, we found that mir-21 induced 
Bcl-2 up-regulation could be cancelled by ly294002, 
showing its dependence on pI3K-AKt activation. However, 
PI3K inhibition itself seems not to be a direct influence on 
Bcl-2 expression as revealed in this study as well as others 
(30). thus, the exact molecular interactions by which mir-21 
induces Bcl-2 expression need further exploration.

Intravesical chemotherapy has long been recognized 
as a standard treatment for non-muscle invasive bladder 
cancer patients, with its effect inferior only to intravesical 
Bcg irrigation (2). considering the severe adverse reactions 
Bcg induces, chemotherapy is probably the most accept-
able choice for both physicians and patients. However, the 
recurrence rate is still unacceptable despite of intravesical 
therapies. Additionally, although many cytotoxic agents 
have been tested for treatment of this disease, none was 
clearly superior to others (2). this situation indicates that an 
intrinsic chemoresistance may play an important role. our 
results showed that mir-21 may modulate cellular sensi-
tivity to cytotoxic agent in vitro. recent studies have shown 
the possibility of tansfering antisense oligonucleotides in 
treating bladder cancers (31). Bladder cancer, grown in an 
accessible lumen, may be a very good model to investigate 
this treatment strategy. thus, our current results may 
guarantee further studies in vivo.

In conclusion, mir-21 is highly expressed in tcc tissues 
and promotes cell proliferation and chemoresistance in 
bladder cancer t24 cells probably through the pI3K-AKt 
pathway. These findings reveal the oncogenic role of miR-21 
in tccs and also provide a potential to develop novel strate-
gies in treating tccs.
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