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Purpose: To analyze a possible correlation between a miRNA expression profile and 
important prognostic factors for pTa urothelial carcinomas (UC), including tumor size, 
multiplicity and episodes of recurrence.
Materials and Methods: Thirty low-grade non-invasive pTa bladder UC from patients 
submitted to transurethral resection were studied, in a mean follow-up of 17.7 months. 
As controls, we used normal bladder tissue from five patients submitted to retropubic 
prostatectomy to treat benign prostatic hyperplasia. Extraction, cDNA and amplifica-
tion were performed for 14 miRNAs (miR-100, -10a, -21, -205, -let7c, -143, -145, -221, 
-223, -15a, -16, -199a and -452) using specific kits, and RNU-43 and -48 were used 
as endogenous controls. Statistical tests were used to compare tumor size, multiplicity 
and episodes of recurrence with miRNAs expression profiles.
Results: There was a marginal correlation between multiplicity and miR-let7c over-
-expression. For all others miRNA no correlation between their expression and prog-
nostic factors was found.
Conclusion: We did not find differences for miRNAs expression profiles associated with 
prognostic factors in tumor group studied. The majority of miRNAs are down-regula-
ted, except miR-10a, over-expressed in most of cases, seeming to have increased levels 
in tumor with more unfavorable prognostic factors. More studies are needed in order to 
find a miRNA profile able to provide prognosis in pTa UC to be used in clinical practice.
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INTRODUCTION

Bladder cancer (BC) is the second most 
common malignancy of the urinary tract, with 
73,510 new cases estimated in 2012 and about 
15,000 deaths in USA (1). Ninety percent of BC is 
urothelial carcinomas (UC), and they are related 
to exposure to environmental carcinogens and 
tobacco consumption. Eighty to ninety percent 
of tumors are papillary low-grade, non-muscle 

invasive that rarely progress to muscle invasion 
(2), whereas 10 to 20% of them are muscle inva-
sive at diagnosis, and 50% of patients die due to 
disease progression (3).

 pTa low-grade UC is characterized by 
frequent recurrences but low progression rates 
(4). Although there are no specific characteris-
tics that indubitably predict tumor behavior, 
some clinical, histological and molecular featu-
res have been related to tumor recurrence and 
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progression. Multiplicity, tumor size and number 
of recurrences are related to higher recurrence ra-
tes and lower recurrence-free survival (5,6). Des-
pite optimal survival, increased recurrence rates 
require extended follow-up, invasive procedures 
and high costs to health systems (7).

 There are two distinct molecular pathways 
underlying the main two types of UC, low-grade 
non-muscle invasive and high-grade muscle in-
vasive, that are currently investigated in order to 
identify new potential biomarkers for diagnosis, 
disease monitoring, prognosis and development of 
new targeted therapies (8-10). The most common 
genetic alteration of low-grade and stage UC is 
an activating mutation of the fibroblast growth 
factor receptor 3 gene (FGFR3) (11,12), whereas 
mutations in p53 and retinoblastoma (RB1) ge-
nes have been identified as being characteristic of 
high grade invasive UC carcinogenesis (12).

 The FGFR3 gene belongs to growth factor 
receptor family related to the tyrosine kinase sig-
naling pathway, which plays an important role in 
embryogenesis, development, angiogenesis, wound 
healing, tissue homeostasis and tumorigenesis, re-
gulating cell proliferation, migration and apoptosis 
(13). Point mutations are the primary phenomenon 
related to FGFR3 dysfunction allowing its ligant-
-independent operation (14). H-RAS is the second 
most common oncogene associated with low-grade 
non-invasive UC carcinogenesis and H-RAS muta-
tions are present in approximately 30% of these tu-
mors (9,15). Both pathways are mutually exclusive 
and more than 80% of these tumors show activa-
tion of either RAS or FGFR3 genes (13).

 Epigenetic events have been described in 
UC and are responsible for altering gene expres-
sion, mainly suppressing the activity of tumor 
suppressor genes. DNA methylation, histone mo-
difications and imbalance of miRNA expression 
have been added to the carcinogenesis process of 
UC (16,17). miRNAs are members of small single-
-stranded regulatory RNAs (19-22 nucleotides) 
that suppress the mRNA translation, regulating the 
expression of approximately one third of human 
genes (18). miRNAs are involved in many phy-
siological mechanisms and have been reported as 
differentially expressed in several types of cancers 
(19-21). In UC, they can work as tumor suppres-

sors, negatively controlling oncogenes as FGFR3 
(miR-100) or oncomiRs acting on the control of 
tumor suppressor genes as p53 (miR-21) (22). The 
knowledge of different miRNAs expression profi-
les promoted an exciting discovery of diagnostic 
and prognostic biomarkers in oncology.

 Recently we have published a work sho-
wing that miR-100 under-expression has occurred 
in 100% of low-grade non-invasive pTa UC. At 
the same time, all cases have demonstrated strong 
over-expression of FGFR3. These findings could 
represent another mechanism related to FGFR3 
carcinogenesis in addition to the point mutations 
(23). Now our aim is to study a possible correla-
tion between a miRNA expression profile and the 
most important prognostic factors in low-grade 
non-invasive pTa UC, which are, multiplicity, tu-
mor size and number of recurrence episodes.

MATERIALS AND METHODS

Patients
 This study enrolled 30 low-grade non-in-

vasive pTa UC of the bladder from patients who 
underwent transurethral resection as primary tre-
atment. Twenty six (86.7%) patients were male, 
the mean age was 67.3 years old, ranging from 47 
to 82. As controls, we used normal bladder tissue 
from five patients who underwent retropubic pros-
tatectomy to treat benign prostatic hyperplasia. All 
patients of control group were male and the mean 
age was 66 years old, ranging from 61 to 71.There 
were no differences in demographic data between 
patients (p = 0.7). All patients provided informed 
consent and the study was approved by HCFMUSP 
Institutional Board of Ethics, protocol #0176/10.

 The prognostic factors studied were multi-
plicity, tumor size and episodes of recurrence. Mul-
tiplicity was considered positive when two or more 
papillary lesions in bladder urothelium were pre-
sent. Regarding tumor size, we considered tumors 
≤ 3cm and > 3cm as good and worse behavior, 
respectively. Episodes of recurrence were characte-
rized as positive when there were new recurrences 
of the tumor beyond the first, subdivided in one or 
more than one episodes. The mean follow-up was 
17.7 months and consisted in urine cytology and 
cystoscopy each three months for the first two ye-
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ars and biannually after this for three more years. 
New interventions were done depending on each 
case, disease behavior and treatment response.

 For tumor and control samples, 1cm3 of 
each surgical specimen was extracted and imme-
diately snap-frozen at -80º C for genetic tests, and 
the remaining tissue fixed in 10% formalin routi-
nely processed and stained with hematoxylin and 
eosin for histological examination to guarantee the 
presence of tumor in at least 75% of the specimen 
(in tumor samples) or to confirm a normal urothe-
lium (in control samples). To characterize tumor 
samples, histological graduation and staging follo-
wed the WHO/ISUP 2004 grading and AJCC/TNM 
2010 stage, respectively.

miRNA extraction and amplification
 The miRNA extraction was performed 

using the mirVana Kit® (Applied Biosystems, CA, 
USA) according to the manufacturer’s instruc-
tions. miRNAs concentrations were determined 
by 260/280nM absorbance using a Nanodrop® 
ND-1000 spectrophotometer (Thermo Scientific). 
miRNAs cDNA were generated using a Taqman 
MicroRNA Reverse Transcription Kit® (Applied 
Biosystems, CA, USA) with incubation at 16º 
C for 30 min., 42º C for more 30 min. and fi-
nally, 85º C for 5 min. The cDNA was stored at 
-20º C until further use. This study assessed the 
expression of miR-100, -10a, -21, -205, -let7c, 
-125b, -143, -145, -221, -223, -15a, -16 -199a 
and -452, using Taqman Reagent Kits® (Applied 
Biosystems, CA, USA) for miRNA amplification, 
in a 7500 Fast Real-Time PCR System® (Applied 
Biosystems, CA, USA). Briefly, the samples were 
inserted in ABI 7500 qRT-PCR equipment and 
processed by 50º C for 2 min., followed by 95º C 
for 10 min and 40 thermal cycles of 95º C for 15 
seconds and 60º C for 1 min. The reactions were 
conducted in duplicate, and RNU-43 and RNU-
48 were used as endogenous controls. Expression 
profiles of miRNAs were obtained by relative 
quantification and the final result was obtained 
by application of 2-ΔΔct method. Findings greater 
and smaller than 1 were considerate over- and 
under-expressed, respectively. The number 1 in 
the graphics is method standardization and re-
presents the normal controls.

Statistical analysis

 For statistical purposes, we considered mul-
tiplicity (single (no) or ≥ 2 papillary lesions (yes)), 
tumor size (≤ or > 3cm) and episodes of recurrence 
(absent (no) or 1 and > 1 episode (yes)) related to 
miRNA expression. We used Mann-Whitney U and 
T test to compare tumor size and multiplicity, and 
ANOVA and Kruskal-Wallis test to compare episo-
des of recurrence with miRNAs expression profiles. 
Results are presented as geometric means with a 
95% confidence interval (95% CI), considering sta-
tistically significant a p value < 0.05. 

RESULTS

 Twenty one (70%) patients had multiple 
tumors and 7 (23.3%) had tumors > 3cm. Fifteen 
(50%) had multiple recurrences (mean of 2.8, ran-
ging from 2 to 7). Two (6.7%) patients had all the 
three worst prognostic criteria while four (13.3%) 
had none of these unfavorable factors. Nineteen 
(63.3%) patients underwent intravesical BCG un-
der Southwest Oncology Group (SWOG) protocol 
(24). None of patients used mitomycin C and one of 
them underwent radical cystectomy due to disease 
progression.

 Table-1 presents miRNA expression featu-
res in 30 pTa UC compared to normal bladder tis-
sue. Under-expression was found in 13 out of 14 
miRNAs studied. Only miR-10a was over-expressed 
in 73.3% of cases (mean of 46.38). miR-100, -125b 
and-205 were under-expressed in 100% (means 
of 0.04, 0.15 and 0.07, respectively), miR-143 and 
-223 in 96.7% (means of 0.18 and 0.49, respective-
ly), and miR-199a and -452 in 93.3% of the cases 
(means of 0.36 and 1.42, respectively).

 There was a marginal correlation between 
multiplicity in pTa UC and miR-let7c over-expres-
sion (means of 0.03 vs. 1.46; p = 0.07). For all others 
miRNA there was no association between their ex-
pression and multiplicity, tumor size and number of 
recurrence episodes (Table-2).

DISCUSSION

 It is well established that imbalance of 
miRNAs is an important event in human tumors, 
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Table 1 - Expression profile of 14 miRNAs studied in 30 low-grade non-invasive pTa tumors. Means and medians of expression 
are also presented compared with normal controls.

pTa (n = 30) 100 10a 21 205 Let7c 125b 143 145 221 223 15a 16 199a 452

Over-
expression (%)

0 73.3 26.6 0 13.3 0 3.3 26.7 20 3.3 50 26.7 6.7 6.7

Under-
expression (%)

100 26.7 73.4 100 86.7 100 96.7 73.3 80 96.7 50 73.3 93.3 93.3

Mean 0.04 46.38 1.08 0.07 1.03 0.15 0.18 1.61 1.22 0.49 2.76 1.47 0.36 1.42

Median 0.0008 4.88 0.4 0.04 0.02 0.08 0.009 0.2 0.3 0.1 1.04 0.57 0.13 0.03

Min. 8.94-13 0.004 0.002 0.002 6.3-5 9.4-5 7.4-5 0.002 0.003 0.002 0.1 2.6-5 0.0008 0.0001

Max. 0.44 761.2 11.14 0.35 13.14 0.76 4.13 24.06 17,64 9.49 15.3 12.3 2.7 39.87

Table 2 - Means of expression of the 14 miRNAs considering the prognostic factors studied in 30 low-grade non-invasive pTa 
samples. The values listed are presented in fold-change compared to controls.

Multicentricity Size Tumor Episodes of Recurrence

miRNA No
(n = 9)

Yes
(n = 21)

p ≤ 3cm
(n = 23)

> 3cm
(n = 7)

p No
(n = 15)

Yes
(n = 15)

p

1
(n = 7)

> 1
(n = 8)

100 0.08 0.02 0.12 0.61 0.09 0.63 0.05 0.04 0.01 0.61

10a 38.63 49.69 0.85 41.57 62.17 0.74 20.55 137.6 14.92 0.7

21 0.33 1.41 0.23 1.35 0.21 0.24 0.89 0.26 2.16 0.26

205 0.04 0.08 0.22 0.07 0.04 0.4 0.04 0.14 0.05 0.1

Let7c 0.03 1.46 0.07 1.25 0.33 0.53 1.02 0.02 1.94 0.55

125b 0.15 0.15 0.94 0.17 0.1 0.42 0.15 0.13 0.18 0.89

143 0.007 0.26 0.41 0.22 0.06 0.63 0.31 0.21 0.91 0.67

145 0.24 2.2 0.29 1 3.62 0.82 0.71 0.29 4.45 0.78

221 1.02 1.3 0.83 0.56 3.38 0.56 1.8 0.72 0.56 0.63

223 0.26 0.59 0.63 0.2 1.46 0.63 0.83 0.11 0.2 0.58

15a 2.94 2.68 0.87 2.6 3.29 0.69 2.49 2.74 3.28 0.91

16 0.57 1.85 0.25 1.73 0.62 0.36 0.97 0.52 3.23 0.14

199a 0.24 0.41 0.47 0.41 0.19 0.38 0.4 0.17 0.43 0.63

452 0.02 2.02 0.5 1.84 0.02 0.57 0.06 5.75 0.16 0.68
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including bladder cancer. Recent evidences de-
monstrate that miRNA can play common roles in 
tumorigenesis, working as tumor suppressors or 
oncomiRs, depending on target-genes they regu-
late. Except for miR-100, the choice of all miRNAs 
enrolled in this study was based on literature data 
that demonstrated key roles or promising func-
tions in UC carcinogenic pathways. miR-100 was 
specifically selected for analysis because, besides 
being part of all research lines in our laboratory, 
there are limited data about its role in tumorigenic 
pathway of non-invasive UC.

 Several studies have observed a behavior 
of miRNAs in cancer, and postulate this can dis-
tinguish tumor types, and separate them in diffe-
rent grade and stage groups (22,25,26). For the 
first time, we have correlated a miRNA expression 
profile with important prognostic factors in low-
-grade non-invasive pTa bladder UC. This study 
has shown an overall miRNA under-expression 
profile that seems to be a hallmark of this tumor 
group, especially considering miR-100, -125 and 
-205 that were down-regulated in 100% of cases, 
with means of expression very low in comparison 
with normal controls. Also miR-143, -223, -199a 
and -452 were under-expressed in 93-97% of ca-
ses, and only miR-10a has presented an over-ex-
pression in most cases. However, we did not find 
association between expression of these 14 miR-
NAs and the main prognostic factors evaluated in 
low-grade non-invasive pTa UC.

 miR-let7c was the only that reached a 
marginal significance correlating its over-expres-
sion with multiplicity (p = 0.07). This miRNA is 
well defined as a tumor suppressor, with a pro-
tective role against carcinogenic process. miR-
-let7c can control oncogene RAS and suppress its 
function in cellular physiological conditions (21). 
On the other hand, under-expression of miR-let7c 
could allow the RAS over-activity and triggers 
RAS-mediated UC, the second pathway involved 
in carcinogenesis of low-grade pTa of the bladder 
(13,15,21). Although we expected to find higher 
levels of miR-let7c related to single tumors, we 
believe that a reaction event can explain this fact 
in multiple tumors, where higher levels of miR-
-let7c could be produced as an attempt to protect 
the cell of uncontrolled proliferation.

 Despite no statistical differences, we 
can point some correlations between this miR-
NA expression profile and the prognostic factors 
studied. miR-100 was already described as do-
wn-regulated involved in low-grade pTa UC car-
cinogenesis, failing to control FGFR3 expression 
(22,23). We found a strong miR-100 under-ex-
pression in all tumors analyzed, and this finding 
corroborates to the knowledge of the protective 
role of miR-100 in this tumor group. Neverthe-
less, miR-10a showed to be up-regulated in the 
majority of low-grade pTa UC. miR-10a is linked 
to cell differentiation and has been reported as 
under-expressed in high-grade invasive UC (25). 
High levels of miR-10a could induce neoplastic 
cell proliferation, but do not alter the key me-
chanisms of cellular control, such as apoptosis, 
and it could be involved in non-invasive and well 
differentiate pTa development (27,28).

CONCLUSIONS

 We did not find differences for miRNA 
expression profiles associated with prognostic 
factors in low-grade pTa UC of the bladder. The 
majority of miRNAs were down-regulated, except 
miR-10a that is up-regulated in most of cases and 
seems to have increased expression as tumors 
present more unfavorable characteristics as mul-
tiplicity, larger size and higher rates of recurren-
ce. More studies should be performed in order to 
find a miRNA profile able to distinguish behavior 
in low-grade and low-stage bladder cancer to be 
used in the clinical practice.
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