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Abstract. Alterations in microRNA (miRNA) expression 
have been shown to be involved in the tumor response to 
chemotherapy. However, the possible role of miR‑101 in 
cisplatin sensitivity in human bladder cancer cells remains 
unclear. In this study, quantitative polymerase chain reaction 
and western blotting were utilized to determine the expres-
sion profiles of miR‑101 and cyclooxygenase‑2 (COX‑2) in 
human bladder cancer cells. The effect of miR‑101 and small 
interfering RNA (siRNA) against COX‑2 on cell viability 
was evaluated using MTT assays, and apoptosis levels 
were determined using fluorescence‑activated cell sorting 
analysis of Annexin  V/propidium iodide‑stained cells. 
Luciferase reporter plasmids were constructed to confirm 
direct targeting. This study found that the expression of 
miR‑101 was downregulated in the cisplatin‑resistant cell 
line T24/CDDP as compared with that in the parental line, 
T24. Furthermore, overexpression of miR‑101 significantly 
increased the anti‑proliferative effects and apoptosis induced 
by cisplatin, whereas knockdown of miR‑101 significantly 
decreased the anti‑proliferative effects and apoptosis induced 
by cisplatin. In addition, downregulation of miR‑101 induced 
cell survival and cisplatin resistance through the upregula-
tion of COX‑2 expression. Luciferase gene reporter assays 
confirmed that COX‑2 was a direct target gene of miR‑101. 
Inhibition of COX‑2 using COX‑2 siRNA abrogated the 
cisplatin resistance induced by miR‑101 downregulation. 
These results suggest that miR‑101 may provide a novel 
mechanism for understanding cisplatin resistance in bladder 
cancer by modulating the COX‑2 pathway.

Introduction

Human bladder cancer is the fourth most common malignancy 
in males, and the 10th most common malignancy in females (1). 
There are currently numerous therapeutic techniques available 
for the treatment of bladder cancer, including intravesical chemo-
therapy, surgery, radiation therapy and systemic chemotherapy, 
which are selected depending on the extent of the disease (2,3). 
Despite these various treatment options, patients with advanced 
bladder cancer have a five‑year survival rate of 20‑40% (4). For 
patients with advanced bladder cancer, cisplatin‑based combi-
nation chemotherapy, for example methotrexate, vinblastine, 
doxorubicin and cisplatin or gemcitabine and cisplatin, is the 
current choice of treatment. However, one of the most signifi-
cant limitations in the efficacy of cisplatin‑based combination 
chemotherapy is that numerous tumors either demonstrate an 
inherent resistance to the chemotherapy or acquire resistance 
following an initial response (5). The molecular mechanisms 
underlying this chemoresistance have yet to be elucidated, 
although cisplatin resistance has been associated with a reduc-
tion in the apoptotic response of certain types of cancer cells (6). 
There is therefore a requirement to develop novel drugs that are 
able to reverse the resistance to chemotherapy and enhance 
sensitivity to platinum‑based chemotherapy drugs.

microRNAs (miRNAs) are endogenous, non‑coding RNA 
molecules of 19‑25  nucleotides in length. The pairing of 
miRNAs with target mRNAs carrying a partially complemen-
tary sequence in the 3' untranslated region (UTR) results in the 
translational repression and/or degradation of the mRNA and 
thus the silencing of associated genes (7‑9). Alterations in the 
expression patterns of miRNAs that regulate genes involved in 
cell proliferation, differentiation or apoptosis have been found 
in various human tumors (10‑12). Therefore, miRNA expression 
profiles may be utilized to determine the expected sensitivity of 
tumors to chemotherapy prior to treatment, and changes in the 
expression of miRNAs during treatment could act as markers 
for the response of tumors to the chemotherapy. In a comparison 
of doxorubicin‑resistant and -sensitive MCF‑7 breast cancer cell 
lines, Kovalchuk et al (13) identified 137 deregulated miRNAs, 
while 103 deregulated miRNAs were identified in a comparison 
of cisplatin‑resistant and -sensitive MCF‑7 cells (13). In addition, 
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Nordentoft et al (14) found that the expression of 15 miRNAs 
correlated with chemotherapy response and that the expression 
of five miRNAs correlated with survival time in patients with 
bladder cancer. It was further found that a reduction in miR‑138 
expression resulted in an increase in cisplatin sensitivity, while 
an upregulation of miR‑27a and miR‑642 expression also 
increased cisplatin sensitivity (14).

Increasing evidence has indicated that there is an 
association between chronic inflammation and tumori-
genesis. Cyclooxygenase‑2 (COX‑2) is a key regulator of 
inflammation‑producing prostaglandins and thus could be 
involved in inflammation‑associated cancer development (15). 
Increased COX‑2 expression has been found in a number of 
apoptosis‑resistant cancer cells (16); therefore, COX‑2 may be 
a potential target in the reversal of this apoptosis resistance. 
The expression of COX‑2 has been shown to be modulated 
by several mechanisms, including the action of miRNA (17). 
He et al (18) reported that miR‑101 downregulation in gastric 
cancer correlated with the overexpression of COX‑2 and tumor 
growth. miR‑101 may therefore influence cisplatin sensitivity 
in cancer cells through the inhibition of COX‑2 expression.

To the best of our knowledge, the association between 
miR‑101 and cisplatin resistance in bladder cancer cells has 
not been reported. In the present study, we explored the asso-
ciation between cisplatin sensitivity and miR-101 in bladder 
cancer. 

Materials and methods

Cell culture. T24 human urinary bladder transitional cell 
carcinoma cells were cultured in RPMI‑1640 medium supple-
mented with 10% heat‑inactivated fetal bovine serum (FBS) 
(Sigma‑Aldrich, St. Louis, MO, USA) and 1% penicillin/strep-
tomycin sulfate (Beyotime Institute of Biotechnology, Haimen, 
China) under an atmosphere of 95% air and 5% CO2 at 37˚C. 
T24 human urinary bladder transitional cell carcinoma cells 
were purchased from the Shanghai Institute of Biochemistry 
and Cell Biology (Shanghai, China). The cisplatin‑resistant 
T24 cell line (T24/CDDP) was established as described previ-
ously (6).

Transfection of miRNA mimics and inhibitors. T24/CDDP and 
T24 cells were plated in six‑well plates (5x105 cells/well). A total 
of 100 nM miR‑101 mimic or 100 nM miRNA mimic control 
was transfected in T24/CDDP cells, and 100 nM miR-101 
inhibitor or 100 nM miRNA inhibitor control was transfected 
in T24 cells, using Lipofectamine™ 2000 (Invitrogen Life 
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. The sequences were as follows: miR‑101 
mimic, 5'‑UACAGUACUGUGAUAACUGAA‑3'; miR‑101 
inhibitor, 5'‑CUUCAGUUAUCACAGUACUGUA‑3'; and 
negative control, 5'‑GUGGAUAUUGUUGCCAUCA‑3'.

Quantitative polymerase chain reaction (qPCR) for miR‑101. 
Total RNA from cells was extracted using TRIzol™ reagent 
(Invitrogen Life Technologies). Levels of the mature forms 
of miR‑101 in the cells were determined using a TaqMan® 
miRNA assay kit (Applied Biosystems, Foster City, CA, 
USA), and data were normalized to U6 expression (Applied 
Biosystems). The qPCR procedure was performed according to 

the manufacturer's instructions. The fold change for miR‑101 
was calculated using the 2‑ΔΔCt method (19).

Cell viability assay. Cells were seeded into 96‑well plates in 
RPMI‑1640 medium containing 10% FBS. Following 24 h in 
culture, the cells were treated with serial dilutions of cisplatin. 
Approximately 72 h after cisplatin treatment, MTT was added 
to a final concentration of 0.5 mg/ml and the cells were then 
incubated for 4 h at 37˚C. The optical density was read at 
490 nm with a microplate spectrophotometer (iMark; Bio-Rad, 
Hercules, CA, USA). Each experiment was performed in tripli-
cate and repeated three times.

Western blot analysis. T24 or T24/CDDP cells were plated in 
six‑well plates (5x105 cells/well) and, 72 h after transfection 
with miR‑101 mimic or inhibitors, the cells were harvested 
and homogenized with lysis buffer. Total protein was sepa-
rated by denaturing 10% SDS‑PAGE. Western blot analysis 
was performed as described previously (20). The primary anti-
bodies against COX‑2 and GAPDH were purchased from Cell 
Signaling Technology, Inc., (Danvers, MA, USA) and Santa 
Cruz Biotechnology, Inc., (Santa Cruz, CA, USA), respectively. 
Protein levels were normalized to GAPDH and the subsequent 
fold changes were determined.

Apoptosis detect ion.  Apoptosis was assessed by 
Annexin V/propidium iodide (PI) staining 48 h after treat-
ment using flow cytometry (FACSCalibur™; BD Biosciences, 
Heidelberg, Germany), according to the manufacturer's 
instructions. The percentage of early apoptotic cells was deter-
mined by the quantitative analysis of Annexin V‑fluorescein 
isothiocyanate‑positive/PI‑negative plots using the CellQuest 
software (BD Biosciences).

Luciferase assay. The luciferase reporter plasmids were 
constructed as described previously (21). A fragment of the 
3'UTR COX‑2 mRNA, which carried a putative miR‑101 
complementary site (NM_000963; 3'‑UTR, 1,735‑1,741), and a 
mutant variant were cloned into a pGL3 vector (pGL3‑empty; 
Promega Corporation, Madison, WI, USA) with a downstream 
firefly luciferase gene (XbaI site) to obtain luciferase reporter 
constructs (pGL3‑COX2‑wildtype and pGL3‑COX2‑mutant, 
respectively). The target gene was predicted by TargetScan 
Human 6.2 (http://www.targetscan.org) as described previously 
(22). Cells were seeded in 24‑well plates and co‑transfected 
with miR‑101 mimics and either pGL3‑COX2‑wildtype or 
pGL3‑COX2‑mutant.

s i R NA  t ra n s f e c t i o n .  s i R NA  a g a i n s t  C OX‑2 
(5'‑AACTGCTCAACACCGGAATTT-3') and negative control 
was purchased from Cell Signaling Technology, Inc., and the 
transfection was performed according to the manufacturer's 
instructions. The transfection efficiency was evaluated using 
fluorescence microscopy by calculating the percentage of 
fluorescein‑labeled cells. Cells were lysed in lysis buffer 48 h 
after transfection for western blot analyses.

Nude mouse xenografts. Nude mouse xenografts were 
performed as previously described  (23). Nude mice were 
purchased from Vital River Laboratories (Beijing, China) and 
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maintained at the Experimental Animal Center of Jiangsu 
University (Jiangsu, China). Each mouse was subcutaneously 
inoculated with 2x106  T24/CDDP cells, which had been 
transfected with miR‑101 or miR‑control, in 0.2 ml medium 
in the forelimb. Tumor sizes were measured every three days 
in two dimensions using a caliper and the volume (V) (mm3) 
was calculated using the following formula: V = 0.5 x larger 
diameter x (smaller diameter)2. The mice were sacrificed and 
the tumors were excised and weighed 21 days after the initial 
inoculation. All procedures involving animals were approved 
by the Animal Care and Use Committee of Jiangsu University 
(Zhenjiang, China).

Statistical analysis. Quantitative data are presented as the 
mean ± standard deviation. The Student's t‑test was used to 
determine statistical significance. P<0.05 was considered to 
indicate a statistically significant difference.

Results

miR‑101 is downregulated in T24/CDDP cells as compared with 
T24 cells. The doses of cisplatin required for a 50% inhibition of 
T24 and T24/CDDP cells were 5.2 and 14.7 µg/ml, respectively 
(Fig. 1). The resistance to cisplatin in the T24/CDDP cells was 
2.83‑fold greater than that in the parent T24 cells. qPCR for 
miR‑101 expression further verified that miR‑101 was signifi-
cantly downregulated in T24/CDDP cells, with an expression 
level of 0.27±0.05 relative to that in the parental cells. 

miR‑101 modulates the sensitivity of cisplatin in T24 cells. To 
directly assess the association between miR‑101 and cisplatin 
resistance in the T24 cells, the expression of miR‑101 was 
further downregulated in the T24 cell line. The miR‑101 inhib-
itor effectively reduced the expression of miR‑101 (P<0.05) 
(Fig 2A). T24 cells transfected with the miR‑101 inhibitor exhib-
ited significantly enhanced resistance to cisplatin compared 
with the negative control transfected cells (P<0.05) (Fig. 2B). 
This suggests that decreasing miR‑101 expression contributes 
to cisplatin resistance in T24 cells. The miR‑101 mimic signifi-
cantly induced the expression of miR‑101 in T24/CDDP cells 
(P<0.05) (Fig. 2C), and MTT assay revealed that T24/CDDP 
cells transfected with the miR‑101 mimics exhibited signifi-
cantly decreased resistance to cisplatin compared with the 
negative control‑transfected cells (Fig. 2D). Tumor growth 
curves were generated by measuring the size of tumors in 
nude mice over a period of 21 days. Following T24/CDDP 
cell injection, the volume of the tumors in the miR‑101 mimic 
and negative control groups showed differential progression 
(Fig. 2E). Additionally, the tumors in the T24/CDDP plus 
miR‑101 mimic group were significantly lighter than those in 
the negative control group (P<0.05) (Fig. 2F). These results 
suggest that miR‑101 regulates cisplatin resistance in the T24 
human bladder cancer cell line.

COX‑2 is a direct target gene of miR‑101. TargetScan Human 6.2 
(http://www.targetscan.org) predicted that COX‑2 was a target 
gene of the miR‑101 (Fig. 3A). A luciferase reporter vector 
with the putative COX‑2 3' UTR target site for the miR‑101 
downstream of the luciferase gene (pGL3‑COX2‑wildtype) 
was therefore constructed in order to test this in vitro. The 

luciferase reporter vector, together with the miR‑101 mimic 
or the negative control, was transfected into T24/CDDP 
cells. A significant decrease in relative luciferase activity 
was noted when pGL3‑COX2‑wildtype was co‑transfected 
with the miR‑101 mimics into T24/CDDP cells. However, the 
co‑transfection of the pGL3‑COX2‑mutant with the miR‑101 
mimic did not affect reporter activity (P>0.05) (Fig. 3B). 
Western blot assay revealed that T24/CDDP cells transfected 
with miR‑101 mimic exhibited significantly decreased protein 
levels of COX‑2 as compared with the cells transfected with 
the negative control (Fig. 3C and D). These results suggest that 
COX‑2 is a target gene of miR‑101.

COX‑2 is involved in cisplatin resistance in T24/CDDP 
cells. Previous studies have shown that COX‑2 is involved in 
drug resistance in various types of cancer (24,25); however, 
its role in cisplatin sensitivity in the T24/CDDP cell line 
remains unclear. To explore the association between COX‑2 
and cisplatin‑induced cytotoxicity, COX‑2 siRNA or a nega-
tive control was transfected into T24/CDDP cells, followed 
by treatment with various doses of cisplatin. COX‑2 siRNA 
effectively reduced the COX‑2 protein level (Fig. 4A and B). 
Furthermore, T24/CDDP cells that were treated with COX‑2 
siRNA had decreased survival compared with the control 
group (Fig. 4C). Of note, the reduced survival rates exhibited 
by the COX‑2 siRNA‑treated T24/CDDP cells were similar 
to those exhibited by the cells with miR‑101 overexpression. 
This suggests that miR‑101 reversed cisplatin resistance via 
the regulation of COX‑2 in the T24/CDDP cells.

  A

Figure 1. Expression of miR‑101 in bladder cancer cell lines. (A) The sen-
sitivity of T24 and T24/CDDP cells to cisplatin was determined by MTT 
assay. (B) miR‑101 levels in the T24 and T24/CDDP cells were measured by 
quantitative polymerase chain reaction. *P<0.05 vs. the T24 cells. miR‑101, 
microRNA‑101.

  B
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  A   B

  C   D

Figure 2. miR‑101 modulates the sensitivity of cisplatin in T24 cells. (A) Levels of miR‑101 expression in T24 cells measured by qPCR. (B) The cell viability 
in T24 cells was determined by MTT assay. (C) Levels of miR‑101 in T24/CDDP cells measured by qPCR. (D) The cell viability in T24/CDDP cells was 
determined by MTT assay. (E) Tumor growth curves. (F) Tumor mass in the T24/CDDP+NC and T24/CDDP+miR‑101 mimic groups. *P<0.05 vs. the NC 
group. NC, negative control; miR‑101, microRNA‑101; qPCR, quantitative polymerase chain reaction.

Figure 3. COX‑2 is predicted to be the target gene of miR‑101 following dual luciferase assay in T24/CDDP cells. (A) TargetScan predicted that COX‑2 was 
the target gene of the miR‑101. (B) A significant decrease in the relative luciferase activity was observed following co‑transfection of pGL3‑BCL2‑3'‑UTR 
with the miR‑101 mimic. (C and D) miR‑101 modulated the expression of COX‑2 in T24/CDDP cells. *P<0.05 vs. the NC group. NC, negative control; COX‑2, 
cyclooxygenase‑2; miR‑101, microRNA‑101.

  E   F
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  C

  B

  D
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miR‑101 regulates cisplatin sensitivity in T24 cells by 
targeting COX‑2. It was hypothesized in this study that 
miR‑101 modulates the cisplatin resistance of bladder cancer 

cells by repressing COX‑2 protein expression. To ascertain this, 
miR‑101 inhibitor or negative control was transfected into T24 
cells for the detection of changes in COX‑2 expression levels. 

Figure 4. COX‑2 is involved in cisplatin resistance in T24/CDDP cells. (A and B) COX‑2 siRNA effectively reduced the expression of COX‑2 in T24/CDDP 
cells. (C) COX‑2 siRNA decreased the survival rate in T24/CDDP cells. *P<0.05 vs. the NC group. NC, negative control; COX‑2, cyclooxygenase‑2; siRNA, 
small interfering RNA.

Figure 5. miR‑101 regulates cisplatin sensitivity in T24 cells by targeting COX‑2. (A and B) miR‑101 inhibitors increased the expression of COX‑2 protein 
in T24 cells, which could be partly alleviated by the COX‑2 siRNA. (C) T24 cells transfected with miR‑101 inhibitor exhibited greatly enhanced cisplatin 
resistance compared with the NC‑transfected cells, which could be partly alleviated by the COX‑2 siRNA. (D‑F) The T24/CDDP cells transfected with 
miR‑101 mimics exhibited a higher apoptosis rate than the NC group. *P<0.05 vs. the NC group; NC, negative control; COX‑2, cyclooxygenase‑2; siRNA, 
small interfering RNA; PI, propidium iodide.

  A   B
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Western blot analysis demonstrated significantly increased 
COX‑2 protein levels in the miR‑101 mimic‑transfected T24 
cells as compared with the negative control‑transfected T24 
cells 72 h after transfection,. This was observed to be in part 
alleviated by transfection with COX‑2 siRNA (Fig. 5A and B). 
Enhanced cell viability was observed in the T24 cells trans-
fected with miR‑101 inhibitor as compared with negative 
control‑transfected cells, which could be partly alleviated by 
the COX‑2 siRNA (Fig. 5C). miR‑101 may therefore play a 
role in the development of cisplatin resistance, in part through 
the modulation of apoptosis. To confirm this hypothesis, 
cisplatin‑induced apoptosis was evaluated in T24/CDDP 
cells following transfection with the miR‑101 mimic or the 
negative control. A marked increase in apoptosis, as assessed 
by flow cytometry, was observed in the T24/CDDP cells 
transfected with the miR‑101 mimic following cisplatin treat-
ment, as compared with the negative control‑transfected cells 
(Fig. 5D‑F). These results showed that miR‑101 modulates 
the cisplatin resistance of T24/CDDP cells, and this may be 
through the inhibition of COX‑2 protein expression.

Discussion

Resistance to chemotherapeutic agents is a critical issue in 
cancer treatment, including the treatment of bladder cancer. 
This resistance may result from the failure of the apoptosis that 
is activated in response to drug treatment. Combined chemo-
therapy using cisplatin resulted in a response rate of 60‑80% 
in patients with advanced bladder cancer, but the subsequent 
emergence of chemoresistance meant that complete remis-
sion was sustained in only 15% of affected patients (26). An 
enhanced understanding of the mechanisms contributing to 
cisplatin resistance may facilitate predictions of the clinical 
response to therapy. The aim of this study was to gain insight 
into the pathway leading to cisplatin‑induced apoptosis in 
human bladder cancer cells. This study showed for the first 
time that cisplatin‑induced drug resistance was associated 
with the downregulation of miR‑101 in the T24 bladder cancer 
cell line. miR‑101 may regulate the survival of T24 cells by 
modulating COX‑2 expression.

Overexpression of miR‑101 has been found to suppress cell 
proliferation and impair invasive potential in prostate cancer, 
bladder carcinoma and colon cancer  (27‑29). Additionally, 
Zhang et al  (30) demonstrated that the downregulation of 
miR‑101 in non‑small cell lung cancer acted as a tumor 
promoter by stimulating cell proliferation and invasion and 
inhibiting paclitaxel‑induced apoptosis. In an in vitro study of 
gastric cancer, Wang et al (31) showed that gastric cancer cell 
proliferation, migration and invasion could be inhibited by the 
ectopic expression of miR‑101. Furthermore, Chen et al found 
that ectopic miR‑101 acted to sensitize human tumor cells to 
radiation via the inhibition of DNA repair by targeting ataxia 
telangiectasia mutated and DNA‑dependent protein kinase 
catalytic subunits (32). The present study found that miR‑101 
expression was significantly downregulated in cisplatin‑resis-
tant bladder cancer cells as compared with that in parent cells. 
This observed downregulation of miR‑101 may be involved 
in the occurrence of cisplatin resistance. The biological func-
tions of miR‑101 in bladder cancer were further explored. 
Expression of miR‑101 in cisplatin‑resistant bladder cancer 

cells inhibited cell proliferation and promoted apoptosis. The 
identified role of miR‑101 in bladder cancer cells from this 
study was consistent with that observed in other cancers (33). 
Taken together, these results further confirm that miR‑101 
functions as a tumor suppressor.

Following TargetScan software analysis, it was predicted 
that COX‑2 could be a direct target of miR‑101 due to 
a seed region within miR‑101, which is able to bind to 
the COX‑2 mRNA 3'‑UTR. A luciferase reporter vector 
(pGL3‑COX2‑wildtype) containing the 3'‑UTR of COX‑2 with 
a putative miR‑101 complementary region was constructed. A 
significantly lower level of luciferase activity was detected 
when T24/CDDP cells were co‑transfected with the miR‑101 
mimic and pGL3‑COX2‑wildtype, indicating a direct inter-
action between miR‑101 and COX‑2 mRNA. It has been 
suggested that COX‑2 inhibitors can sensitize drug‑resistant 
tumor cells to chemotherapy (34). Nonsteroidal anti‑inflam-
matory drugs are often used for the treatment of colon cancer, 
either alone or in combination with other chemotherapeutic 
agents. Combining flurbiprofen, sulindac or indomethacin with 
5‑fluorouracil resulted in an enhancement of cytotoxicity (35). 
In this study, the re‑expression of miR‑101 in cisplatin‑resistant 
bladder cancer cells decreased COX‑2 expression, inhibited 
cell proliferation and promoted apoptosis. The results of the 
siRNA assays confirmed that COX‑2 could modulate cisplatin 
sensitivity in bladder cancer cells. Knockdown of COX‑2 
significantly decreased cell survival with an overall effect that 
was similar to that of miR‑101 overexpression.

In conclusion, this study has presented the first evidence, to 
the best of our knowledge, that miR‑101 may be involved in the 
development of cisplatin resistance in human bladder cancer 
cell lines. miR‑101 was shown to modulate the resistance of 
bladder cell lines to cisplatin, at least in part, through targeting 
COX‑2 expression. Therapeutic strategies targeting drug resis-
tance associated with miRNAs, such as hsa‑miR‑101, may be 
another promising way to enhance therapeutic effects.
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