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 Background: Down-regulation of microRNA-101 (miR-101) expression has been linked to bladder transitional cell carcino-
ma (BTCC) development. However, the relationship between the expression of miR-101 in BTCC and a patient’s 
prognosis has not yet been studied. Thus, we attempted to explore the correlation of miR-101 and clinicopath-
ological factors of BTCC patients, and evaluate the impact of miR-101 on prognosis of BTCC.

 Material/Methods: In 88 samples of BTCC (n=72) and normal tissues (n=16), the expressions of miR-101 were detected by quan-
titative reverse-transcriptase polymerase chain reaction (qRT-PCR). The relationship of miR-101 and clinico-
pathological factors in BTCC was analyzed statistically. Survival analysis was performed to assess the prognos-
tic significance of miR-101.

 Results: Down-regulation of miR-101 was found in BTCC tissues, compared with normal tissues (P<0.05). MiR-101 ex-
pression was significantly associated with tumor diameter, tumor stage, tumor grade, lymph node involve-
ment, and lymph node metastasis (all P<0.05). Low-level expression of miR-101 was significantly correlated 
with shortened survival time (P<0.01). Multivariate Cox regression analysis revealed this significant prognos-
tic impact was independent of other clinicopathologic factors (P<0.01).

 Conclusions: Our results suggest that the expression of miR-101 is down-regulated in BTCC, which consequently favored tu-
mor progression. MiR-101 may play an important role as a diagnostic and prognostic marker in BTCC.
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 Abbreviations: miR-101 – microRNA-101; miRNAs – microRNAs; BTCC – bladder transitional cell carcinoma; 
qRT-PCR – quantitative reverse-transcriptase polymerase chain reaction; 3’UTR – 3’ untranslated region; 
EZH2 – enhancer of zeste homologue 2; COX-2 – cyclooxygenase-2
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Background

MicroRNAs (miRNAs) are a class of endogenous small noncod-
ing regulatory RNAs, approximately 22 nucleotides in length. 
They can bind with imperfect complementarity to the 3’ un-
translated region (3’UTR) of the target mRNA via the RNA-
induced silencing complex, regulating gene expression by re-
pressing translation or decreasing the stability of mRNAs [1]. 
Many studies have shown that miRNAs has a role in cell dif-
ferentiation, proliferation and apoptosis [2]. More importantly, 
miRNAs are also reported to be closely associated with various 
human cancers, as tumour suppressors or oncogenes [3–5]. 
BTCC is one of the most common cancers in the urinary sys-
tem. Although significant advances have been achieved, the 
molecular pathogenesis of BTCC still remains to be elucidat-
ed. In recent years, the roles of miRNAs in BTCC have been ex-
plored [6–8]. These data highlight the importance of miRNAs 
in development of BTCC and provide more insights into the 
mechanisms regarding tumorigenesis.

Numerous studies have indicated that miR-101 is significantly 
down-regulated in various cancers, including prostate, breast, liv-
er, and endometrial cancer, and displays a suppressive effect on 
cellular proliferation, migration, and invasion [9–12]. As to the 
BTCC, it has been demonstrated that miR-101 is down-regulated 
in BTCC, and miR-101 inhibits cell proliferation and colony forma-
tion in BTCC cell lines [1]. However, the relationship between the 
expression of miR-101 in BTCC and a patient’s prognosis has not 
yet been studied. Therefore, in the present study, we aimed to in-
vestigate whether miR-101 expression was associated with clin-
icopathologic parameters of BTCC, and we evaluated the predic-
tive value of miR-101 on clinical outcomes of patients with BTCC.

Material and Methods

Patients	and	samples

Our study was approved by the Ethics Review Board of The First 
Affiliated Hospital of the University of South China and Xiangya 
Hospital. Informed consent was obtained from all patients. We 
studied bladder cancer specimens (cancer lesions and adjacent 
non-tumor tissues) from 72 patients who had undergone resec-
tion at the First Affiliated Hospital of University of South China 
and Xiangya Hospital between 2005 and 2012. No patient had 
received preoperative adjuvant therapy. We gathered all sam-
ples in the same manner following surgical removal, and they 
were snap-frozen immediately in liquid nitrogen and stored at 
–80°C until RNA extraction could be performed. All the proce-
dures were performed by a single, experienced surgeon. The pa-
tients included 42 men and 30 women with ages ranging from 
32 to 84 (median age: 57 years). The initial symptoms were 
hematuria (58%), urinary infection (15%), frequent micturition 

(13%), dysuresia (9%) or physical examination (5%). Before sur-
gery, all the patients were diagnosed with ultrasound, cystos-
copy, and computed tomography. Transurethral resection of 
bladder tumor (TURbt), partial cystectomy, and radical cystecto-
my were performed in 62%, 10% and 28% of patients, respec-
tively. All the patients were diagnosed with BTCC by patholo-
gy. Average duration of hospitalization was 7.2±1.8 days. We 
obtained 16 normal bladder specimens from patients with be-
nign prostatic hypertrophy through transurethral resection of 
the prostate (TURP). Information on other clinicopathological 
factors, including age, histological grade, tumor stage, tumor 
number, tumor diameter, lymph node status, and occurrence 
status were also collected. Telephone follow-up was conduct-
ed every 3 months after surgery to evaluate the survival sta-
tus. The last follow-up date in this study was June 30, 2013.

qRT-PCR	of	miR-101	expression

Total RNA was extracted from frozen tissue using TRIzol Reagent 
(Applied Invitrogen, Carlsbad, CA, USA). The miR-101-specific 
primers and the internal control RNU6B gene were purchased 
from Ambion (Applied Biosystems, Foster City, CA). cDNA syn-
thesis was performed by the High Capacity cDNA Synthesis 
Kit (Applied Biosystems) with miRNA-specific primers. QRT-PCR 
was performed on an Applied Biosystems 7500 Real-time sys-
tem (ABI 7500HT instrument) with miRNA-specific primers by 
TaqMan Gene Expression Assay. It was programmed as: 95°C, 
10 minutes; 95°C, 15 seconds; 60°C, 1 minute, which were re-
peated for 40 cycles. Fluorescent signals from each sample were 
collected at the endpoint of every cycle. Expression of miR-101 
was normalized according to the internal RNU6B control, and 
plotted as relative value. The fold change between a sample 
and a normal control for miR-101 was calculated with the 2–DDCT 
method. QRT-PCR was repeated in triplicate for each sample.

Statistical	analysis

Statistical analysis was performed using SPSS version 13.0 
software (Chicago, IL, USA). Data were analyzed using the 
chi-square test. Kaplan-Meier curves were constructed, and 
the log-rank test was performed for analysis of survival data. 
Multivariate analysis of the prognostic factors was performed 
with Cox regression model. The results are expressed as mean 
±SD. The significance level was set at P < 0.05.

Results

MiR-101	expression	in	BTCC	and	its	relationship	with	
clinicopathological	factors

QRT-PCR was used to evaluate expression levels of miR-101 in 
72 BTCC and 16 normal bladder specimens. Consistent with the 
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previous study, BTCC tissues showed decreased levels of miR-
101 compared to the normal tissues (0.54±0.14 vs. 1.20±0.11), 
with a median down-regulation of 0.45-fold (P<0.05) (Figure 
1). Each BTCC patient was divided into high (>0.45-fold) or low 
(<0.45-fold) mir-101 expression group accordingly. Then the 
association of the expression of mir-101 with sex, age, tumor 
number, tumor diameter, tumor stage, tumor grade, lymph node 
involvement, lymph node metastasis, and tumor occurrence 
was analyzed. As shown in Table 1, miR-101 expression was 
significantly associated with tumor diameter, tumor stage, tu-
mor grade, lymph node involvement, and lymph node metas-
tasis (all P<0.05). There was no correlation between miR-101 
expression and other clinicopathological factors (sex, age, tu-
mor number, and recurrence).

Significance	of	miR-101	expression	in	BTCC	prognosis

Survival analysis of 72 patients was performed with informa-
tion available on clinical follow-up. Kaplan-Meier survival anal-
ysis revealed that the patients with low miR-101 expression 
had significantly poorer survival times compared with those 
with high miR101 expression (P=0.004). Figure 2 shows the 
survival curves of the patients with high or low miR-101. The 
median postoperative survival time of high and low miR-101 
were 65±5.8 and 50±12.9 months, respectively. The multivar-
iate Cox regression model revealed that low expression level 
miR-101 expression (P=0.028, HR 0.451; 95% CI 0.237–0.735) 
was also a significantly unfavorable prognostic factor, in ad-
dition to lymph node metastasis (P=0.042, HR 4.228; 95% CI 
1.941–8.267) (Table 2).

Discussion

BTCC is one of the most common urogenital cancers. The chal-
lenges in controlling bladder cancer are the prevention of the 

recurrent disease and the inhibition of the disease progres-
sion during the treatment course. Clinicopathological param-
eters such as tumor grade and stage have been used clinically 
to evaluate pathologic events of bladder cancer, but their sen-
sitivity is relatively low [13]. Therefore, identification of nov-
el effective molecular markers is of great significance for the 
improvement of diagnostic and prognostic techniques, and for 
the development of more efficient therapeutic strategies for 
patients with bladder cancer.

miRNAs have an important role in the control of gene expres-
sion, because they can regulate genes involved in cellular pro-
liferation, differentiation, or apoptosis. Bioinformatics predic-
tions indicate that miRNAs regulate 30% of all protein coding 
genes [14]. miRNA deregulation has been observed in a large 
variety of tumors and association of miRNA expression with 
clinical data and outcome was described. Previous studies have 
demonstrated that several miRNAs were mis-regulated in blad-
der cancer tissues. It was reported that miR-16 inhibits bladder 
cancer proliferation by targeting Cyclin D1 [15]. miR-125b inhib-
its cell migration and invasion by targeting matrix metallopep-
tidase 13 in bladder cancer [16]. Moreover, miR-23b functions 
as a tumor suppressor by regulating Zeb1 in bladder cancer 
[17]. Clinical data shows that reduced expression of miR-100 
confers unfavorable prognosis in patients with bladder can-
cer [13]. These observations suggest that miRNAs may be use-
ful as therapeutic targets and prognostic biomarkers in BTCC.

Reduced expression of miR-101 has been observed in different 
types of cancers, including BTCC. In addition, reduced expres-
sion of miR-101 is associated with worse survival of these can-
cer patients [18], thus miR-101 is considered as a tumor sup-
pressor. It was demonstrated that miR-101 suppresses motility 
of bladder cancer cells [19]. However, data concerning the re-
lationship between miR-101 expression, clinicopathologic fac-
tors, and the prognosis of BTCC remains unclear.

For the use of miRNAs as prognostic biomarkers, it is important 
to evaluate the relationships between miRNAs and clinical data. 
In the present study, the potential relationship between the ex-
pression level of miR-101 and various clinicopathological fac-
tors and postoperative survival times were analyzed. Expression 
levels of miR-101 correlate with tumor diameter, tumor stage, 
tumor grade, lymph node involvement, and lymph node me-
tastasis, but not other clinicopathological factors. Furthermore, 
we showed that BTCC patients with low miR-101 expression 
had a significantly shorter survival time than those with high 
miR-101 expression (P<0.01). Multivariate Cox hazard regres-
sion analysis revealed that the correlation was independent 
of other clinicopathological factors, indicating that low expres-
sion of miR-101 may be a useful indicator of an unfavorable 
prognosis (P=0.028, HR 0.451; 95% CI 0.237–0.735) indepen-
dent of another factor, lymph node metastasis (P=0.042, HR 

Figure 1.  A comparison of miR-101 expression between normal 
bladder tissues and bladder TCC. miR-101 expressions 
are significantly decreased in BTCC compared to 
normal tissues (P<0.05). Data are presented as mean 
±SD. P values were calculated by the chi-square test.
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4.228; 95% CI 1.941–8.267). The potential prognostic value of 
miR-101 may be able to help physicians identify and select the 
patients who are most likely to benefit from therapy, in order 
to improve the treatment outcome of BTCC.

Data from multiple studies have already demonstrated that 
miR-101 acts as a reliable clinical tool in cancer diagnosis and 

prognosis. For example, it was reported that reduced expres-
sion of miR-101 is associated with a poorer prognosis in non-
small-cell lung cancer [20] and the down-regulation of miR-101 
in clinical HCC tissues correlates with tumor aggressiveness 
and poor prognosis [21]. However, in Schee’s [22] study, miR-
101 was hardly expressed in 193 colorectal tumor samples and 
no significant associations were found between expression of 

Case 
number

miR-101	expression

P-value
High	(>0.45-fold)

Low	(<0.45-fold) 
(>0.45-fold)

Sex 0.561

 Male 42 28 14

 Female 30 18 12

Age 0.729

 <60 years 48 30 18

 ≥60 years 24 16 8

Tumor number 0.813

 Single 43 27 16

 Multiple 29 19 10

Tumor diameter 0.007

 <3 cm 40 31 9

 ≥3 cm 32 15 17

Tumor stage 0.001

 T1–T2 35 29 6

 T3–T4 37 17 20

Tumor grade 0.008

 I–II 45 34 11

 III 27 12 15

Lymph node involvement <0.001

 Positive 26 8 18

 Negative 46 38 8

Lymph node metastasis <0.001

 Positive 19 3 16

 Negative 53 43 10

Tumor occurrence 0.690

 Primary 31 14 17

 Recurrent 41 12 29

Table 1. A comparison of miR-101 expression in BTCC and clinicopathological features.
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miR-101 and metastasis-free or overall survival. These con-
flicting outcomes could be due to different samples sizes and 
end points set for analysis. Recent studies suggest that in ad-
dition to being a diagnostic and prognostic tool for patients 
with cancer, miR-101 might also be a potential drug target 
or a biomarker to predict the risk of radiotherapy or chemo-
therapy resistance, which could be used in a broad range of 
cancer therapies. It was reported that the ectopic miR-101 is 
able to radiosensitize most NSCLC cells [23]. Xu’s [24] study 
showed that miR-101 inhibits autophagy and enhances cispla-
tin-induced apoptosis in hepatocellular carcinoma cells. These 
studies suggest a novel potential approach of miR-101 to the 
improvement of BTCC treatment.

Until recently, many studies have explored the exact molecular 
mechanism of miR-101 in cancer development and progression. 
Abnormal down-regulation of miR-101 could frequently lead to 
the overexpression of enhancer of zeste homologue 2 (EZH2) 

in cancer [25]. EZH2 has been shown to be overexpressed in 
BTCC, and elevated EZH2 protein levels are associated with more 
aggressive bladder cancer. Efficient down-regulation of EZH2 
resulted in significantly decreased cell proliferation in blad-
der cancer cells and retarded transition of G phase to S phase 
[26]. Additionally, miR-101 was shown to be a novel suppres-
sor of bladder cancer T24 cell migration and invasion through 
its negative regulation of c-Met [19]. Wang’s [11] study dem-
onstrates that down-regulation of miR-101 in different sub-
types of human breast cancer tissues is linked to the increase 
of cellular proliferation and invasiveness via targeting Stmn1. 
Cyclooxygenase-2 (COX-2) is considered to be a mediator of in-
flammation, and overexpressed COX-2 strongly contributes to 
the growth and invasiveness of tumoral cells. MiR-101 directly 
silences COX-2 in vitro in colon cancer cell lines and regulates 
COX-2 expression through a translational repression mecha-
nism [27]. Mcl-1 is an antiapoptotic member of the Bcl-2 family. 
It was shown that miR-101 significantly repressed the expres-
sion of luciferase carrying the 3-untranslated region of Mcl-1 
and reduced the endogenous protein level of Mcl-1, whereas 
the miR-101 inhibitor obviously up-regulated Mcl-1 expres-
sion and inhibited cell apoptosis [20]. These results indicate 
that miR-101 may exert its proapoptotic function via target-
ing Mcl-1. Thus, miR-101 is likely to function as a tumor sup-
pressor in multiple pathways, which are still largely unknown.

Conclusions

In conclusion, down-regulated miR-101 in BTCC was corre-
lated with tumor diameter, tumor stage, tumor grade, lymph 
node involvement, and lymph node metastasis. Furthermore, 
the status of miR-101 expression might be also an indepen-
dent prognostic factor for BTCC patients. The survival time of 
BTCC patients with high miR-101 expression are longer than 
those with low miR-101 expression. Although further testing 
on larger populations will be necessary, results indicate that 
miR-101 may be a promising candidate as a molecular diag-
nostic and prognostic biomarker for BTCC.
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Figure 2.  Kaplan-Meier analysis curve of postoperative survival 
times of BTCC patients according to the miR-101 
relative expression. The expression levels of miR-101 
in 72 BTCC patients were measured by qRT-PCR. High 
or low expression is based on the median fold change 
(0.45-fold higher than normal or 0.45-fold lower than 
normal). Patients with low miR-101 expression had 
significantly poorer survival times compared to those 
with high miR101 expression. P values were calculated 
by Kaplan-Meier analysis (P<0.01).
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Table 2. Multivariate analysis of the factors with survival time.
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