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MiR-1-3p inhibits cell proliferation and invasion by regulating BDNF-TrkB 
signaling pathway in bladder cancer 
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Recent studies have confirmed the existence of BDNF and tropomyosin-related kinase B (TrkB) in normal and cancerous 
urothelium. However, the corresponding mechanisms and upstream signal pathways of BDNF/TrkB have not been fully 
discovered. This study aimed to investigate the effects of miR-1-3p on bladder cancer (BC) by regulating BDNF-TrkB signal 
pathway. The expression of miR-1-3p and BDNF in BC tissues and cell lines were detected by Cancer Genome Atlas (TCGA) 
microarray analysis, RT-qPCR and western blot. Cell transfection was done using Lipofectamine 2000. Then cell viability, 
proliferation, migration and apoptosis were measured by MTT, colony formation assay, Transwell assay and flow cytometry, 
respectively. The relationship between miR-1-3p and BDNF was confirmed by luciferase reporter gene assay. MiR-1-3p was 
significantly down-regulated in BC tissues and cell lines, while BDNF was significantly up-regulated compared to normal 
samples. MiR-1-3p targeted BDNF and suppressed its expression. Transfections of miR-1-3p mimics and BDNF siRNAs can 
suppress BC cell proliferation, invasion and induce cell apoptosis. In addition, miR-1-3p can inhibit phosphorylation of the 
TrkB by regulating BDNF.

In conclusion, MiR-1-3p has significant effects on viability, proliferation, invasion and apoptosis of BC cells by regulating 
BDNF-TrkB pathway.
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Bladder cancer (BC) is a fatal disease due to its high mor-
tality and a large amount of populations is afflicted by this 
disease [1]. The most common type of BC is transitional cell 
carcinoma (TCC), which is usually derived from urothelial 
epithelium [2]; other types of BC include squamous cell car-
cinoma and adenocarcinoma [3]. The selection of BC thera-
pies depends on the cancer differentiation, which may vary 
from individual to individual and several therapies have been 
developed, including surgery, radiation therapy, intravesical 
chemotherapy and systematic chemotherapy [4]. Neverthe-
less, the overall prognosis of BC patients has limited improve-
ment [5]. Therefore, discovering novel anti-cancer therapies 
to improve the survival status of BC patients is a critical issue.

MicroRNAs (miRNAs) are a group of non-coding short 
RNAs that negatively affect gene expression by binding to the 
3’ untranslated region (3’ UTR) of mRNAs [6]. MiRNAs are 
considered to be either oncogenic factors or tumor suppres-
sors according to the base-pairing roles to their target genes, 
thereby enhancing the degradation of mRNAs and inhibit-

ing the post-transcriptional translation. For instance, miR-
124 potentially suppresses the growth of bladder cancer by 
targeting CDK4 3’UTR in vitro and in vivo [7], and miR-144 
exhibits a potential role in inhibiting cancer proliferation by 
targeting EZH2 3’UTR [8]. Moreover, miR-1 is another po-
tential tumor suppressor in a variety of cancers and such a 
suppressive function may also exist in BC cell lines [9]. How-
ever, the corresponding roles and functions of miR-1 family 
have not been identified thoroughly in BC.

Brain-derived neurotrophic factor (BDNF), a pro-neu-
ronal factor, exerts its effects on regulating neural matura-
tion and differentiation by binding to its preferred receptor 
tropomyosin-related kinase B (TrkB) [10]. Also, recent stud-
ies have confirmed that both BDNF and TrkB exist in normal 
urothelium and tumors. These studies concluded that BDNF 
mediates activation of the TrkB which is a survival signal for 
TCC cells, implying its oncogenic role in BC [11]. However, 
the corresponding mechanisms and upstream signal path-
ways of BDNF/TrkB have not been fully discovered yet.
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Our study demonstrated that miR-1-3p was down-regu-
lated in BC cell lines, implying its suppressive effect on BC 
and such an effect is potentially achieved by the activation of 
BDNF-pTrkB signal pathway. Therefore, this study aimed to 
unravel the effects of miR-1-3p on BC by regulating BDNF-
TrkB signal pathway. Our study revealed a potential role of miR-
1-3p and BDNF-pTrkB in proliferation, invasion and apopto-
sis of BC by analyzing the corresponding effects in BC cells.

Materials and methods

TCGA microarray analysis. The Cancer Genome At-
las (TCGA) microarray was used to analyze the expression 
of miRNA and mRNA in samples from cancerous bladder 
and normal bladder tissues. The inclusion criterion is Fold 
Change value >2 (p<0.05).

Cell lines and cell culture. In this study, we used the hu-
man bladder transitional carcinoma cell lines UM-UC-3 and 
T24, human bladder carcinoma cell lines 5637 and TCC-
SUP, and human epithelial ureter immortalized cell line 
SV-HUC-1 (all cell lines were purchased from Shanghai 
Institutes for Biological Sciences, Chinese Academy of Cell 
Resource Center). All cell lines were cultured in Dulbecco’s 
modified eagle medium (DMEM) containing 10% fetal bo-
vine serum (FBS, Hyclone Co., South Logan, UT, USA) in a 
5% CO2 incubator at 37 °C.

Cells transfection. We transfected the negative control, 
miRNA-1-3p mimics and BDNF siRNAs (purchased from Ri-
bobio biological Technology Co., Ltd., Guangzhou, China) into 
UM-UC-3 cells by Lipofectamine 2000 (Invitrogen Corpora-
tion, Carlsbad, CA, USA) according to the instructions. Cells 
were then divided to 4 groups consisting of con group (UM-
UC-3 cells without transfection), NC group (UM-UC-3 cells 
transfected with Negative Controls), miR-1-3p group (UM-
UC-3 cells transfected with miR-1-3p mimics), and siBDNF 
group (UM-UC-3 cells transfected with BDNF siRNAs).

Real-time quantitative PCR (RT-qPCR). Total RNA was 
extracted by Trizol reagent (Invitrogen, Inc., Carlsbad, CA, 
USA) according to the instructions. CDNA was synthesized 
using mRNA and miRNA reverse transcription kit (Takara 
Biotechnology Co., Ltd., Dalian, China). Finally, we used the 
cDNA as a template for RT-qPCR reactions using PCR kit 
(Takara Biotechnology Co., Ltd.). U6 and GAPDH were used 
as internal controls for miRNA and mRNA respectively. The 
relative expression of miRNA and mRNA was calculated us-
ing the 2–DDC method. Primer sequences are shown in Table 1.

Western blot assay. Total protein was separated from 
samples, and the protein concentration was determined us-
ing bicinchoninic acid assay (BCA) reagent kit (Beyotime, 
China). After protein electrophoresis, the membranes were 
blocked with 5% skimmed milk at room temperature for 4 
hours and then incubated for 1 hour at 37 °C with primary 
antibodies (anti-GAPDH, anti-BDNF, anti-TrkB and anti-p-
TrkB rabbit polyclonal antibodies, Sigma-Aldrich St. Louis, 
MO, USA) diluted by confining liquid at 1:1000, followed 
by 4 wash times using Tris Buffered Saline Tween (TBST). 
The membranes were then incubated at 37 °C for 1 hour with 
HPR-conjugated secondary antibodies (Sigma-Aldrich St. 
Louis, MO, USA) diluted to 1:5000 with TBST and washed 4 
times in TBST again. Immunoreactive bands were visualized 
with an enhanced chemiluminescence (WesternBrightTM 
ECL kit, Advansta Corporation, Menlo Park, CA, USA), 
according to the manufacturer’s instructions. Blots were 
scanned and optical density evaluated using ImageJ software 
(1.45s) (NIH, Bethesda, MD, USA).

MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5 diphenyltetra-
zolium bromide) assay. After transfection for 48h, the UM-
UC-3 cells were seeded in 96-well plates (5×103 cells/well). 
After 24h, 48h, 72h, 96h and 120h of cultivation, MTT so-
lution (Sigma-Aldrich, St. Louis, MO, USA) was added 
(5 mg/mL, 20 μL/well). After another 4-hour cultivation, the 
supernatant was discarded and DMSO solution (150 μL/well) 
was added. After a 10-minute oscillation in dark, the optical 
density (OD) of cells in each well was measured in the mi-
croplate reader (EL405, Bio-Tek Instruments, Winooski, VT, 
USA) at 490 nm.

Colony formation assay. The transfected cells were digest-
ed by pancreatic enzymes and made into a single-cell suspen-
sion. Then the cells were seeded in 6-well plates (5×102 cells/
well) and placed in the incubator. After 14-day cultivation, 
cells were fixed with 4% paraformaldehyde solution at room 
temperature for 15 minutes and then they were stained with 
0.2% crystal violet. The number of cell clones was counted 
under an optical microscope.

Transwell invasion assay. Invasion analysis was conduct-
ed using 8 μm-pore transwell chambers (purchased from 
Corning, Incorporated (Corning, NY, USA). 48 hours after 
transfection, 200 μl of non-serum cell suspension containing 
around 2×104 cells was seeded into upper chambers coated 
with 50 μl matrigel (1:4; BD BiosciencesSan Jose, CA, USA), 
while the lower chambers contained 500 μl DMEM with 10% 
FBS. Cells were then cultured for another 24 hours and those 

Table 1. Primer sequences of miR-1-3p and BDNF for implementation in RT-qPCR.
Gene Forward primer Reverse primer
MiRNA-1-3p 5’-UGGAAUGUAAAGAAGUAUGUAU-3’
BDNF 5’-AACCATAAGGACGCGGACTT-3’ 5’-TGCAGTCTTTTTATCTGCCG-3’
U6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’
GAPDH 5’-TGAAGGTCGGAGTCAACGG-3’ 5’-CCTGGAAGATGGTGATGGG-3’

GAPDH: phosphoglyceraldehyde dehydrogenase, RT-qPCR: real time-polymerase chain reaction
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failing to pass through the filter membrane were removed 
from the membrane. Finally, the cells that passed through the 
membrane were dyed with 0.1% crystal violet and counted 
from 5 random perspectives under a microscope. All experi-
ments in each group were done in triplicates.

Flow cytometry. For cell cycle assay, 3×105 cells in each 
group were collected and fixed with 70% cold ethanol over-
night at 4 °C. Cells were then washed with PBS 3 times and 
treated with 100 mg/ml RNase A for 0.5 h. Subsequently, the 
cells were treated with 50 mg/ml propidium iodide (PI) for 
0.5 h in the dark. DNA distribution was measured using a 
FACScan flow cytometer (BD Biosciences) thereafter. Cell 
apoptosis was calculated after staining the cells with Annexin 
V-FITC/PI Apoptosis Detection Kit (BD Biosciences).

Dual luciferase reporter gene assay. The wild type BDNF 
3’UTR sequence (position 1322–1329) was amplified by us-
ing RT-qPCR and inserted into pmirGLO luciferase carrier 
(Promega Corporation, USA), named BDNF wt. As for the 
mutated type of plasmid, BDNF mut, the complementary se-
quences for miR-1-3p at BDNF 3’UTR were mutated using 
positioning mutation method. Luciferase carrier was directly 
transfected into UM-UC3 cells combined with miRNA mim-
ics or negative controls, respectively. 48 hours after transfec-
tion, DLR dual luciferase reporter assay system (Promega 
Corporation, USA) was conducted to measure the luciferase 
activity in cells. The luciferase activity was defined as the ratio 
of Firefly luciferase to Renilla luciferase. Both wild type and 
mutated BDNF 3’UTR sequences were synthesized by San-
gon Biotech Company (Shanghai, China). There are 3 bind-
ing sites of BDNF 3’UTR of miR-1-3p. We haven’t tried the 
other binding sites, but we chose the position 1322–1329 of 
BDNF 3’ UTR in this case, because this particular sequence 
has the highest context score and the lowest PCT (probabil-
ity of conserved targeting) according to TargetScan 7.0 Hu-
man algorithm. Indeed, study on the other binding sites of 
BDNF 3’UTR are warranted, especially given that Varendi et 
al. found that miR-1could regulate either short or long BDNF 
3’UTR isoforms [12].

Statistical methods. All data analyses were performed 
using SPSS 18.0 statistical software (IBM, Chicago, Illinois, 
USA). The measurement data were shown as a mean ± stan-
dard deviation (x±s). T-test was used to compare the differ-
ence between any two groups if data were normally distrib-
uted. One-way ANOVA was used to compare differences 
between multiple groups. It would be considered statistically 
different when p<0.05.

Results

The expression of miR-1-3p and BDNF in BC tissues 
and cells. TCGA data was used to analyze the expression of 
miRNA and mRNA in bladder cancer samples. As shown 
in Figure 1, BC tissues had significantly lower miR-1-3p ex-
pression but higher BDNF expression than normal tissues 
(p<0.05).

The expressions of miR-1-3p and BDNF in human blad-
der cancer cell lines UM-UC-3, T24, 5637, TCCSUP and 
human ureter epithelial immortalized cell line SV-HUC-1 
were detected using RT-qPCR and western blot. When com-
pared with SV-HUC-1, all human bladder cancer cells had 
significantly lower miR-1-3p levels but higher BDNF levels 
(p<0.05, Figure 2). UM-UC-3 showed the lowest miR-1-3p 
levels but the highest BDNF levels, therefore we chose this 
cell line for further experiments. 

Targeting relationship between BDNF and miR-1-3p. As 
predicted by miRDB database, there was a targeted binding 
site for miR-1-3p in BDNF 3’ UTR (Figure 3A). To confirm 
the targeting relationship, we conducted the dual luciferase 
reporter gene assay in cell line UM-UC-3. As expected, cells 
transfected with wild type BDNF (BDNF wt) and miR-1-3p 
mimics had significantly lower luciferase intensity than the 
NC group (p<0.05), whereas cells transfected with mutated 
BDNF (BDNF mut) and miR-1-3p mimics had no significant 
difference when compared to the NC group (p>0.05, Fig-
ure  3B). The results indicated that miR-1-3p directly regu-
lates BDNF expression by targeting BDNF 3’UTR.

Western blot results revealed that the expression level of 
BDNF in miR-1-3p group was significantly lower than in the 
con group and NC group, which is shown in Figure 3C, indi-
cating that the up-regulation of miR-1-3p could suppress the 
expression of BDNF.

MiR-1-3p and BDNF affected cell viability and prolifera-
tion. Cell viability was detected by MTT assay. As shown 
in Figure 4A, cells transfected with miR-1-3p mimics and 
BDNF siRNAs had a significantly less active cell viability 
than in the con group and NC group 48 h, 96 h and 120 h 
after the transfection (p<0.05), whereas no significant differ-
ence was found between the con and NC groups (p>0.05).

Then colony formation assay was used to detect cell pro-
liferation. As shown in Figure 4B, no significant difference 
was found in the number of cell clones between the con and 
NC groups (p>0.05). However, the number of cell clones in 
miR-1-3p group and siBDNF group significantly decreased 
compared to con and NC groups (p<0.05), suggesting that 
the proliferation of UM-UC-3 cells was inhibited.

MiR-1-3p and BDNF affected cell invasion. The invasion 
of cells in different groups was detected by Transwell assay. 
As shown in Figure 4C, the number of invaded cells in miR-
1-3p group and siBDNF group was obviously smaller com-
pared with that of the con group and NC group, while no 
significant difference was found between con group and NC 
group. We can conclude that the proliferation and invasion of 
UM-UC-3 cells was reduced by the transfection of miR-1-3p 
mimics or BDNF siRNAs.

MiR-1-3p and BDNF affected cell cycle and apoptosis. As 
shown in Figure 5A, when compared with the con group and 
NC group, the proportion of G0/G1 phase cells was much 
bigger while the S and G2/M phase number of cells was much 
smaller in the miR-1-3p group and siBDNF group (p<0.05). 
And the cell apoptosis in miR-1-3p group and siBDNF group 
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Figure 1. The results of TCGA data analyses. A MiRNA expression difference in normal and diseased patients. Hsa-mir-1-3p was shown to be under-
expressed in patients with cancer. B Differential expression of genes in normal and diseased patients. BDNF was shown to be up-regulated in patients 
with cancer but down-regulated in healthy people. TCGA: The Cancer Genome Atlas.

Figure 2. The expression of miR-1-3p and BDNF in BC cell lines. A The RT-qPCR results of miR-1-3p in 5 cell lines. B The RT-qPCR results of BDNF 
mRNA in 5 cell lines. C The Western Blot results of BDNF protein in 5 cell lines. Data are presented as mean ± SD for three independent experiments. 
*p<0.05 versus SV-HUC-1 group.
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significantly increased compared to the con group and NC 
group (Figure 5B, p<0.05). There was no significant difference 
between con group and NC group (Figure 5A–B, p>0.05).

The effect of BDNF suppression on TrkB expression. 
The results in Figure 6 show the protein expression levels of 
TrkB and pTrkB in UM-UC-3 cells detected by western blot. 
Transfection of miR-1-3p mimics or BDNF siRNAs had no 
obvious effect on the expression of TrkB, but remarkably sup-
pressed the expression of pTrkB, compared with con group 
and NC group. The ratio of pTrkB/TrkB decreased, indicat-

ing that BDNF/TrkB signaling pathway was suppressed in 
miR-1-3p group and siBDNF group.

Discussion

Mounting evidence shows that the expression of specific 
miRNAs is altered in BC, leading to the dysregulation of 
expression of oncogenes or tumor suppressor genes. For ex-
ample, miR-194 inhibits proliferation and invasion of cancer 
cells like a tumor suppressor via repressing RAP2B, playing 

Figure 3. MiR-1-3p targets 3’ UTR of BDNF. A Putative target sites pre-
dicted by online database (www.microrna.org). B Relative luciferase 
activity resulted from binding of miR-1-3p to BDNF 3’ UTR reporter. 
C Western blot analysis of BDNF in cells transfected with miR-1-3p 
mimics. Data are presented as mean ± SD for three independent ex-
periments. *p<0.05 versus NC group.

Figure 4. Cell viability, proliferation and invasion results. A MTT assay results demonstrating the effects of miR-1-3p and siBDNF on cell viability. 
*p<0.05 vs. con group. B Colony formation assay results demonstrating the effects of miR-1-3p and siBDNF on cell proliferation. C Transwell assay 
results showing the effects of miR-1-3p and siBDNF on cell invasion. Data are presented as mean ± SD for three independent experiments. *p<0.05, 
compared with the Con group.
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a crucial role in the regulation of bladder cancer progression 
[13]. MiR-96 was significantly expressed in both human BC 
tissues and cell lines, which reduced the expression of CD-
KN1A, functioning as an onco-miRNA [14]. These studies 
show that different miRNAs may play different roles in BC 
with different underlying molecular mechanisms. In the 
present study, we demonstrated that miR-1-3p was down-
regulated in human BC cell line UM-UC-3, and the restora-
tion of miR-1-3p expression significantly suppressed the pro-
liferation and invasion of BC through inhibiting the BDNF/
TrkB pathway, suggesting that miR-1-3p is a potential thera-
peutic target for BC.

MiR-1 was confirmed to directly regulate BDNF expres-
sion in C2C12 myotubes to maintain differentiation by bind-
ing to its 3’UTR [12]. However, whether miR-1 could regulate 

endogenous BDNF expression remains to be explored. None-
theless, investigation of the miR-1 has been reported in dif-
ferent cancers. It was found that miR-1 was down-regulated 
in gastric cancer tissues, and its down regulation played a key 
role in tumorigenesis, progression, invasion and metastasis 
[15]. MiR-1 was also found to directly target MET, cyclin D1 
and CDK4, which were involved in the hepatocyte growth 
factor/MET signaling pathway, and suppressed the growth 
of esophageal squamous carcinoma in vivo and in vitro [16]. 
In nasopharyngeal carcinoma, its tumor-suppression effects 
were mediated mainly by repressing K-ras expression, but 
were inhibited by LMP1 which is an Epstein-Barr virus-asso-
ciated protein [17]. For its predominant down-regulation in 
the majority of examined tumors, miR-1 is often classified as 
a tumor suppressor, having the potential to diminish tumor 
development [18]. Our study has identified that miR-1-3p is 
down-regulated in BC by RT-qPCR, suggesting the possibili-
ty that miR-1-3p may also play a tumor suppressive role. Our 
results further indicate that the overexpression of miR-1-3p 
could inhibit proliferation, invasion but induce cell apopto-
sis. All these results support the tumor suppressive role of 
miR-1-3p in BC.

Out of many potential target genes of miR-1-3p predicted 
by miRDB database, BDNF was selected for further study by 
previous study and DNA microarrays analysis. BDNF is a 
member of neurotrophic factors involved in neuronal surviv-
al by binding to TrkB [19]. It was demonstrated that BDNF 
and TrkB are up-regulated in BC especially in TCC [20], and 
the results indicate that the appearance of BDNF’s binding to 
TrkB could be a survival signal for TCC cells [11]. It was also 
found that BDNF was overexpressed, which then promoted 
the propagation of lung cancer cells [21], colorectal cancer 
cells [22] and ovarian cancer cells [23], showing its causal 

Figure 5. Cell cycle and cell apoptosis were detected by flow cytometry. A Cell cycle results showing that miR-1-3p and siBDNF significantly prolonged 
the G0/G1 stage and reduced the S stage. B Cell apoptosis results demonstrating that miR-1-3p and siBDNF substantially promoted cell death. Data 
are presented as mean ± SD for three independent experiments. *p<0.05 versus Con group.

Figure 6. Western blot (WB) analysis of BDNF, TrkB and pTrkB in cells 
transfected with miR-1-3p mimics and BDNF siRNAs.
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role in different cancers. Consistently, in our study, we also 
identified that BDNF was upregulated at both protein and 
mRNA levels in BC cells. Furthermore, when the expression 
of BDNF was inhibited in UM-UC-3 cells by BDNF siRNA 
transfection, the inhibition of proliferation, reduction of in-
vasion and higher apoptosis rate were also observed, suggest-
ing that BDNF may be an important factor for BC prolifera-
tion and invasion. Together, these results indicate that BDNF 
plays an opposite role to miR-1-3p in BC cells.

To explore the specific relationship between miR-1-3p 
and BDNF, and to understand the underlying mechanisms 
involved in the suppressive processes initiated by miR-1-3p, 
some more researches have been done. We found that the 
up-regulation of miR-1-3p could effectively inhibit the ex-
pression of BDNF, demonstrating that BDNF was negatively 
regulated by miR-1-3p. Moreover, luciferase reporter assay 
confirmed the target relationship between miR-1-3p and 
BDNF, indicating a negatively modulated relationship. It is 
the first time that the relationship between them was report-
ed. Besides, we found that pTrkB level significantly decreased 
when cells were transfected with miR-1-3p mimics or BDNF 
siRNAs, meaning that BDNF-TrkB signaling pathway was 
activated by BDNF, but suppressed by miR-1-3p.

There are still some molecular mechanisms underly-
ing relationship between pTrkB and BC cells that we have 
not quite understood. Besides, there are other target genes 
of miR-1-3p, therefore studies on the relationship between 
these genes and miR-1-3p can be useful. Similarly, miR-1-3p 
is not the only miRNA targeting BDNF, therefore research 
on the relationship of other miRNAs and BDNF may also be 
necessary.

In summary, we have demonstrated that miR-1-3p, a 
down-regulated miRNA in BC, serves as a tumor suppressor. 
We also demonstrated that miR-1-3p inhibits BC cell pro-
liferation and invasion by modulating BDNF/TrkB pathway. 
After all, our study reveales a novel mechanism of miR-1-3p 
in regulating BC cells, which provides new insights into ther-
apeutic strategies for human BC.
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