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Abstract
Background

Although miR-190 has been reported to be related to human diseases, especially in the development and
progression of cancer, its expression in human bladder cancer (BC) and potential contribution to BC
remain unexplored.

Methods

qRT-PCR was used to verify the expression level of miR-190 and CDKN1B. Flow cytometry (FCM) assays
were performed to detect cell cycle. Soft agar assay was used to measure anchorage-independent growth
ability. Methylation-Speci�c PCR, Dual-luciferase reporter assay and Western blotting were used to
elucidate the potential mechanisms involved.

Results

Our studies revealed that downregulation of the CDKN1B/p27 protein is an important event related to
miR-190, promoting the malignant transformation of bladder epithelial cells. miR-190 binds directly to
CDKN1B 3’-UTR and destabilizes CDKN1B mRNA. Moreover, miR-190 downregulates TET1 by binding to
the TET1 CDS region, which mediates hypermethylation of the CDKN1B promoter, thereby resulting in the
downregulation of CDKN1B mRNA. These two aspects led to miR-190 inhibition of p27 protein expression
in human BC cells. However, the increased expression of miR-190 in BC and its upstream regulatory
mechanism remain unclear. A more in-depth mechanistic study showed that c-Jun promotes the
transcription of Talin2, the host gene of miR-190, thus upregulating the expression of miR-190 in human
BC cells.

Conclusion

In this study, we found that miR-190 plays an important role in the development of BC. Taken together,
these �ndings indicate that miR-190 may promote the malignant transformation of human urothelial
cells by downregulating CDKN1B, which strengthens our understanding of miR-190 in regulating BC cell
transformation.

1. Background
Bladder cancer (BC), the most frequent cancer of the urinary tract, is a highly prevalent deadly disease in
developed countries. In 2018, there were approximately 81,190 new cases in the United States, of which
17,240 resulted in death (1). Worldwide, the new incidence for BC is 549,393 and the total number of
deaths is 199,922 (2). At present, approximately 70% urothelial carcinomas (UC) are low-grade super�cial
papillary/non-muscle invasive tumors (NMIBC) with a relatively benign prognosis; the remaining 30% UCs
are diagnosed as advanced muscle-invasive forms (MIBC) with poor outcomes (3–6). Thus, elucidation
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of the mechanisms underlying the development and progression of BC is highly signi�cant in improving
diagnostic accuracy and clinical treatment.

MicroRNAs (miRNAs) are a type of non-coding RNAs of approximately 21 to 23 nt. It binds the 3’-
untranslated region (UTR) to regulate the expression of most mRNAs and have an important role in the
regulation of cellular processes (7, 8). Therefore, the identi�cation of miRNAs in human BC can provide
valuable information for identifying new biomarkers for BC prognosis and/or new targets for treatment
patterns. miR-190 is located in the intron region of the talin2 (TLN2) gene on chromosome 15q22.2 (9).
Previous studies have reported that miR-190 promotes hepatocellular carcinoma (HCC) cell proliferation
and metastasis by acting as an oncogene, targeting PHLPP (10–12). miR-190 also acts as a tumor
suppressor in breast and gastric cancer (13, 14). However, the expression and role of miR-190 in BC are
rarely reported. We found that miR-190 expression was upregulated in human BCs by analyzing the TCGA
database(15). In the current study, we revealed that miR-190 directly binds to CDKN1B 3'-UTR and impairs
its mRNA stability. In addition, miR-190-mediated hypermethylation of the CDKN1B promoter resulted in
the downregulation of CDKN1B mRNA in human BC cells. The downregulation of the p27 protein is an
important event related to miR-190 and promotes malignant transformation of BC cells. The results also
showed that C-Jun promoted the transcription of TLN2, thereby upregulating the expression of miR-190 in
human BC cells.

2. Materials And Methods

2.1 Reagents, antibodies, and plasmids
TRIzol reagent (15596026) and SuperScript™ First-Strand Synthesis system (18080,51) were purchased
from Invitrogen (Grand Island, NY). Actinomycin D (sc-200906) was purchased from Santa Cruz
Biotechnology (Dallas, TX, USA). The dual-luciferase assay kit was purchased from Promega (Madison,
WI, E1960). The speci�c antibodies against DNMT3b (GTX129127), TET1 (GTX124207), TET2
(GTX124205), and GAPDH (GTX100118) were purchased from Genetex (Irvine, CA, USA) and antibodies
speci�cally against p-c-Jun Ser73 (3270S), c-JUN (9165S), c-Jun(D) (5000S), PARP (9542P), and Elk-1
(9182S) were purchased from Cell Signaling Technology (Beverly, MA, USA). Antibodies speci�c for cyclin
D1(sc-20044), DNMT3a (sc-373905), JunB (sc-46), CDK4 (sc-601), CDK6 (sc-7180), c-fos (sc-52), and Ets-
1 (sc-55581) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against β-
Actin (66009-1-Ig) were purchased from Proteintech (Rosemont, IL, USA). V5-DEST-MIR190A and its
control construct were kindly gifted by Dr. Ping-Yee Law (Department of Pharmacology, University of
Minnesota, Minneapolis, MN, USA), and GFP–p27 was likewise a gift from Dr. Gustavo Baldassarre
(Division of Experimental Oncology, Centro di Riferimento Oncologico, National Cancer Institute, Aviano,
Italy). The human miR-190 inhibitor was purchased from GeneCopoeia™ Inc. (Rockville, MD, USA). The
human p27 promoter (-1324 to + 162) was cloned into the pGL3-basic luciferase reporter. Human
CDKN1B and TET1 3’UTR were cloned into the pMIR-report plasmid. Plasmids were prepared using the
Plasmid Preparation/Extraction Maxi kit (Qiagen, Valencia, CA, USA).
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2.2 Target identi�cation
Two different online tools, miRDB (http://www.mirdb.org/) (16) and Target scan
(http://www.targetscan.org/vert_72/) (17) were used to identify target genes of miR-190.

2.3 Cell cycle analysis
Constructed transfectants were cultured in each well of six-well plates to 70–80% con�uence using
normal culture medium. The cell culture medium was replaced with 0.1% FBS DMEM with 2 mmol/L L-
glutamine and 25 µg gentamicin, and the constructed transfectants were again cultured for 24 h. Cells
were then suspended in 70% ethanol for 24 h at 4 °C, then incubated with RNase A at 37 °C for 30 min,
and stained with propidium iodide (PI) at 4 °C for 30 min. DNA content was determined by �ow cytometry
using the Epics XL �ow cytometer (Beckman Coulter Inc., San Diego, CA), as previously described(18).

2.4 Cell culture and transfection
UROtsa was cultured in 1640 with 10% FBS and UMUC3 was cultured in DMEM with 10% FBS. Cells were
transfected with plasmid DNA using PolyJet™ DNA In Vitro Transfection Reagent (SignaGen Laboratories,
Gaithersburg, MD, USA). Stable transfectants were selected with the corresponding antibiotics for 3–4
weeks, depending on the different transfected antibiotic resistance plasmids.

2.5 Dual-luciferase reporter assay
The dual luciferase assay kit was purchased from Promega (Madison, WI, USA). BC cells were co-
transfected with either the TLN2 and CDKN1B promoter-luciferase reporter constructs or CDKN1B and
TET1 3’-UTR-luciferase reporter constructs, together with the Renilla luciferase vector pRL-TK. After
stabilization, the cells were treated with passive lysis buffer according to the dual-luciferase assay
manual and then measured with a luminometer (Lumat LB9507, Berthold Tech., Bad Wildbad, Germany).
For each analysis, the �re�y luciferase signal was normalized to the Renilla luciferase signal to eliminate
the difference in transfection e�ciency, as previously described(19).

2.6 Reverse transcription-PCR (RT-PCR)
Total RNA from the cells was isolated using the trizol reagent. Total RNA (5 µg) was then used for reverse
transcription with oligo dT primer through the SuperScript™ First-Strand Synthesis system IV (Invitrogen,
Grand Island, NY). Speci�c primer pairs were designed to amplify human CDKN1B (forward: 5’-CAA GTA
CGA GTG GCA AGA G-3’, reverse: 5’-ATG CGT GTC CTC AGA GTT AG -3’) and GAPDH (forward: 5’-AGA
AGG CTG GGG CTC ATT TG-3’, reverse: 5’-AGG GGC CAT CCA CAG TCT TC-3’). Total miRNAs were
extracted using the miRNeasy Mini Kit (Qiagen, Valencia, CA, USA). Total RNA (1.0 µg) was used for
reverse transcription following the manufacturer’s instructions, and miRNA expression was determined by
the Q6 real-time PCR system (Applied Biosystems, Carlsbad, CA, USA) using the miScript PCR Starter Kit
and miScript PCR kit II RT Kit (Qiagen, Valencia, CA, USA). U6 was used as the endogenous normalizer.
The primer for miR-190 (5’- TGA TAT GTT TGA TAT ATT AGG T-3’) was synthesized by Genewiz
Biotechnology (South Plain�eld, USA). The cycle threshold (CT) value was measured, and the relative
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expression of mRNA was calculated based on the value of 2-ΔΔCT as described in our published studies
(20).

2.7 Immunoblotting assay
Whole cells were washed twice with ice-cold PBS and then extracted using cell lysis buffer (10 mM pH7.4
Tris-HCl, 1% SDS, 1 mM Na3VO4, and proteasome inhibitor) on ice. The materials were heated at 100 °C
for 10 min and then ultrasonicated to destroy all nucleic acids. The protein concentration was measured
using a NanoDrop 2000 spectrophotometer (Thermo Scienti�c, Holtsville, NY, USA). The cell extracts were
subjected to Western blot analysis with each antibody. The protein bands speci�cally binding to the
primary antibodies were detected using an alkaline phosphatase (AP) conjugate secondary antibody and
enhanced chemi�uorescence (ECF) Western blot analysis system (Amersham Pharmacia Biotech,
Piscataway, NJ) as previously described(21). The results shown are from at least three independent
experiments.

2.8 Anchorage-independent growth
In brief, 1×104 UROtsa (miR-190), UMUC3 (miR-190 inhibitor), UROtsa (miR-190/GFP-p27), and UMUC3
(miR-190 inhibitor/shp27) stable transfectants and control vector transfectants were exposed to Basal
Medium Eagle (BME) containing 0.33% agar and seeded on the bottom layer of 0.5% agar in 10% FBS
BME in each well of six-well plates. The cultures were maintained at 37 °C in a 5% CO2 incubator for 3–4
weeks, and the cell colonies with > 32 cells were scored. Colonies were observed and counted under a
microscope (DMi1, Leica, Germany). The results are presented as the mean ± SD of colony number per
10,000 seeded cells in soft agar as described in a previous paper(22).

2.9 DNA Extraction, Bisul�te DNA Modi�cation, and
Methylation-Speci�c PCR
CpG islands were predicted using MethPrimer 2.0 (http://www.urogene.org/ methprimer2/) for the
upstream region of the CDKN1B Promoter. Genomic DNA from UROtsa and UMCU3 cells was extracted
using a DNeasy Blood and Tissue Kit (# 69504, Qiagen, Valencia, CA, USA). Sodium bisul�te modi�cation
of DNA and subsequent puri�cation was performed according to the manufacturer’s instructions for
bisul�te conversion of unmethylated cytosines in DNA (EpiTect Bisul�te kit; #59104, Qiagen, Valencia, CA,
USA).

Then, the bisul�te-treated genomic DNA was optimized for a methylation-speci�c PCR protocol, that is,
20 µL reactions containing 10 ng template, 10 µL 2× EpiTect Master Mix (Qiagen, Valencia, CA, USA), and
0.4 µM of a given set of methylation primers (Methylation-F, GTA GAT TAC GAG GTG GGG GTC; and
Methylation-R, CTA AAA CGA AAC CTA AAA TTC GAA) or 0.4 µM each unmethylation primers
(Unmethylation-F, TAG ATT ATG AGG TGG GGG TTG T; and Unmethylation-R, CCT AAA ACA AAA CCT
AAA ATT CAA A). Touchdown PCR was then performed as follows: 95 °C for 10 min followed by �ve
cycles of 94 °C for 30 sec, 70 °C for 30 sec, 72 °C for 30 sec; �ve cycles of 94 °C for 30 sec, 65 °C for 30
sec, 72 °C for 30 sec; and 30 cycles of 94 °C for 30 sec, 60 °C for 30 sec, 72 °C for 30 sec. The �nal
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extension was performed at 72 °C for 7 min. All products were then separated on 2% high-resolution
agarose gels and visualized by ethidium bromide staining. All PCR products were run in duplicate using
EpiTect PCR Control DNA Set (#59695, Qiagen, Valencia, CA, USA).

2.10 Statistical analyses
Student’s t-test was used to determine signi�cant differences between the treated and untreated groups.
Results are expressed as the mean ± SD from at least three independent experiments. P < 0.05 was
considered to be a signi�cant difference between the compared groups. All data were analyzed using
GraphPad Software 6.0 (La Jolla, CA, USA).

3. Results

3.1 miR-190 was overexpressed in human BC tissues and
contributed to bladder urothelial cell transformation
We used the TCGA database to analyze the expression of miR-190 in 417 BC tissues vs. 19 normal
bladder tissues. The results showed that miR-190 was upregulated in BC tissues (Fig. 1A). The levels of
miR-190 were also assessed in human BC cell lines (T24 and UMUC3) and normal urothelial cells
(UROtsa). The miR-190 expression in T24 and UMUC3 cells was signi�cantly higher than that in UROtsa
cells (23). These results indicate that miR-190 plays an important role in the development of BC. To
evaluate the effects of miR-190 on the development of human BC, miR-190 was stably transfected into
UROtsa cells. The stable transfectants UROtsa (pLKO.1) and UROtsa (miR-190) were established and
identi�ed by qPCR (Fig. 1B). We next used EGF as a tumor promoter to establish an EGF-induced cell
malignant transformation experimental system (24), and then evaluated the ability of miR-190 to
transform UROtsa cells. The results showed that overexpression of miR-190 led to a profound increase in
anchorage-independent growth upon EGF exposure in comparison to that in UROtsa (pLKO.1) cells under
the same experimental conditions (Figs. 1C & 1D), suggesting that miR-190 is important for cell
malignant transformation. To elucidate the role of miR-190 in BC cell lines, we inhibited miR-190
expression in UMUC3 cells, which have a high level of miR-190. The stable transfectants UMUC3 (LacZ)
and UMUC3 (miR-190 inhibitor) were established and identi�ed by qPCR (Fig. 1E). The results indicate
that UMUC3 (miR-190 inhibitor) signi�cantly decreased in anchorage-independent growth compared to
UMUC3 (LacZ). These results demonstrate that miR-190 serves as an essential oncogene responsible for
promoting human bladder urothelial cell transformation.

3.2 Down-regulation of p27 plays a crucial role in miR-190’s induction of the S phase in cell cycles of BC
cells

To determine the mechanism(s) behind miR-190’s promotion of BC cell transformation, the effect of miR-
190 on the regulation of cell cycle progression was determined by �ow cytometry in UROtsa and UMUC3
cells. As shown in Figs. 2A-2D, miR-190 induced a signi�cant G1/S phase transition, suggesting that the
G1/S phase transition might be associated with the promoting effect of miR-190 on human BC cells. We
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used miRBD and TargetScan databases to analyze the potential target genes of miR-190. A total of 117
genes overlapped in the two databases. GO analysis showed that only CDKN1B/p27 was associated with
the G1/S transition (Fig. 2E). We compared the expression levels of essential proteins related to the G1/S
transition between UROtsa (pLKO.1) and UROtsa (miR-190), as well as between UMUC3 (LacZ) and
UMUC3 (miR-190 inhibitor) cells. As shown in Figs. 2F and 2G, p27 protein expression was profoundly
decreased in UROtsa (miR-190) cells compared to that in UROtsa (pLKO.1) cells. As expected, p27 was
also markedly upregulated in UMUC3 (miR-190 inhibitor) compared with UMUC3 (LacZ) cells. Other cell
cycle-related proteins such as cyclin D1, CDK4, and CDK6 do not meet the corresponding trend. These
results reveal that p27 may be a downstream effector of miR-190 and negatively regulates BC cell
transformation abilities.

To determine whether p27 was responsible for the promoting effect of miR-190 on BC cell transformation
and anchorage-independent growth, UROtsa (miR-190) cells were stably transfected with a GFP-tagged
p27 to restore p27 expression (Fig. 2H). As shown in Figs. 2I and 2J, ectopic expression of GFP-p27
markedly decreased EGF-induced anchorage-independent growth induced by miR-190, compared with
that in scramble control vector cells. UMUC3 (miR-190 inhibitor) cells were also stably transfected with
speci�c shRNA to knock down p27 expression (Fig. 2K). As shown in Figs. 2L and 2M, p27 knockdown
profoundly increased anchorage-independent growth inhibited by the miR-190 inhibitor, compared with
that in scramble control vector cells. These results indicate that overexpression of p27 reverses the
promotion of miR-190 in BC cells. Overall, the above data provide evidence that the p27 protein
downregulation is an important event associated with miR-190 in BCs in terms of promoting the
malignant transformation of cells.

3.3 miR-190 targeted CDKN1B mRNA 3’-UTR and downregulated its mRNA stability in human BC cells

miRNAs play biological roles by modulating target gene expression through binding to the 3’-UTR of
target genes, thereby causing changes in mRNA stability or protein translation inhibition (25). To
investigate the molecular mechanism underlying miR-190 regulation of CDKN1B, qPCR was performed to
examine mRNA expression (Figs. 3A and 3B). The results showed that CDKN1B mRNA level was
signi�cantly decreased in UROtsa (miR-190) than in UROtsa (pLKO.1) cells; on the other hand, CDKN1B
mRNA was profoundly increased in UMUC3 (miR-190 inhibitor) than in UMUC3 (LacZ) cells, indicating
that miR-190 suppresses CDKN1B mRNA levels. The mRNA regulation includes transcription and mRNA
stability. Therefore, we �rst examined the stability of CDKN1B mRNA. Upon treatment with actinomycin D
(Act D), CDKN1B mRNA degradation rates in UMUC3 (miR-190 inhibitor) cells were much lower than those
in UMUC3 (LacZ) cells (Fig. 3C), revealing that miR-190 inhibition stabilizes CDKN1B mRNA in human BC
cells. Furthermore, the CDKN1B mRNA 3’-UTR activity of UMUC3 (miR-190 inhibitor) cells was
signi�cantly higher than that of UMUC3 (LacZ) cells (Fig. 3D), suggesting that miR-190 negatively
modulates the 3’-UTR activity of CDKN1B mRNA. To determine whether the effect of miR-190 on CDKN1B
mRNA stability suppression was due to its speci�c binding to a potential binding site in CDKN1B mRNA
3’-UTR, CDKN1B mRNA 3’-UTR-driven luciferase reporter (WT), and CDKN1B mRNA 3’-UTR mutant
luciferase reporter (MUT) constructs were generated using the pMIR-Report luciferase vector, as shown in
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Fig. 3E. WT and mutant CDKN1B 3’-UTR luciferase reporters, with pRL-TK, were transiently transfected
into UMUC3 (LacZ) and UMUC3 (miR-190 inhibitor) cells. As shown in Fig. 3F, the miR-190 inhibitor
signi�cantly increased the CDKN1B 3’-UTR WT luciferase reporter activity, whereas mutation of the miR-
190-binding site at the CDKN1B mRNA 3’-UTR impaired the miR-190-inhibition-mediated increase in
CDKN1B 3’-UTR luciferase reporter activity. This result indicates that miR-190 directly binds to the
CDKN1B 3’-UTR and regulates its mRNA stability.

3.4 miR-190 simultaneously inhibits CDKN1B transcription by upregulating its promoter methylation

The level of CDKN1B mRNA in UMUC3 (miR-190 inhibitor) is up to 4 times higher than that in UMCU3
(LacZ) cells, and the half-life of CDKN1B mRNA is increased by approximately half. This led us to explore
the possibility that CDKN1B is regulated at the transcription level. Therefore, we next transfected human
CDKN1B promoter (from − 1324 to + 162)-driven luciferase reporters into UROtsa (miR-190), UMUC3 (miR-
190 inhibitor), and their control transfectants. The results showed that overexpression of miR-190
decreased CDKN1B promoter-driven reporter transcription activity (Fig. 4A), and that inhibition of miR-190
increased CDKN1B promoter-driven reporter transcription activity (Fig. 4B), revealing that miR-190 also
inhibits CDKN1B mRNA transcription. The CpG-rich region in the promoter region of cancer-related genes
can be hypermethylated by epigenetic modi�cation, which is an important mechanism for human cancer
development (26). To investigate whether miR-190 inhibited the CDKN1B transcription due to its promoter
hypermethylation, we bioinformatically analyzed the potential CpG island of the human CDKN1B
promoter (Fig. 4C) using the MethPrimer v1.1 beta database and then assessed the methylation of
CDKN1B promoter from − 1324 to + 162 (27, 28). The results showed that the CDKN1B promoter contains
two CpG islands with sizes of 302 bp (-454 to -153) and 226 bp (-122 to + 103). To verify the methylation
level of the CDKN1B promoter region, two independent predicted primer sets were used in the methylation-
speci�c PCR (MS-PCR) system to amplify the methylated and unmethylated regions. As shown in Fig. 4D,
the overexpression of miR-190 upregulated methylated DNA (M), resulting in a 205 bp band,
accompanied by downregulation of unmethylated DNA (U), producing a 205-bp band, whereas the
inhibition of miR-190 downregulated methylated DNA (M) accompanied by upregulation of unmethylated
DNA (U) (Fig. 4E). To further investigate the role of promoter hypermethylation in miR190-mediated
CDKN1B transcription downregulation, 5-aza-2'-deoxycytidine (5-Aza), a DNA methyltransferase (DNMT)
inhibitor, was used to inhibit genomic DNA methylation in human BC cells (29). The results showed that
5-Aza treatment reversed the miR-190 inhibition on the p27 protein (Fig. 4F and 4G). These results
strongly suggest that miR-190-mediated CDKN1B promoter hypermethylation leads to CDKN1B mRNA
downregulation in human BC cells.

3.5 miR-190 downregulated TET1 by binding its CDS region
and mediated CDKN1B promoter hypermethylation
DNMTs can transfer a group of methyl groups of the universal methyl donor S-adenosyl L-methionine to
the 5’ position of cytosine residues in DNA (30). The ten-eleven translocation (TET) enzymes (TET1,
TET2, and TET3) are evolutionarily conserved dioxygenases that catalyze the conversion of 5-methyl-
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cytosine (5-mC) to 5-hydroxymethyl-cytosine (5-hmC) and promote DNA demethylation (31–33). To
investigate the potential role of any DNA methyltransferases (DNMTs) or demethylase in the
hypermethylation of p27, DNMTs, and demethylase protein expression was evaluated among UROtsa
(pLKO.1), UROtsa (miR-190), UMCU3 (LacZ), and UMUC3 (miR-190 inhibitor) cells. The results showed
that miR-190 overexpression in UROtsa cells downregulated the expression of TET1, whereas miR-190
inhibition in UMUC3 cells upregulated the expression of the TET1 protein, suggesting that TET1 may be
involved in miR-190-mediated CDKN1B hypermethylation (Figs. 5A and 5B). To explore this possibility, we
stably transfected TET1 into UROtsa (miR-190) cells, as shown in Fig. 5C. TET1 overexpression markedly
promoted p27 protein expression. Furthermore, we found that TET1 is also a direct target of miR-190.
Bioinformatics analysis showed that both the CDS and 3'-UTR of TET1 mRNA have miR-190 binding sites
(Fig. 5D). To verify whether miR-190 acts on TET1 CDS or 3’-UTR, we cloned the TET1 CDS and 3’-UTR
with the predicted miR-190 binding site region into the pMIR-report vector (Fig. 5E) and co-transfected
with TK in UMUC3 (LacZ) and UMUC3 (miR-190 inhibitor) cells. UMUC3 (miR-190 inhibitor) cells
transfected with pMIR-TET1-CDS exhibited an approximately 2.5-fold increase in luciferase activity
compared to UMCU3 (LacZ) cells (Fig. 5F), whereas no obvious change was observed in pMIR-TET1-3’-
UTR activity. These results indicate that miR-190 may inhibit TET1 by binding to the CDS of TET1 mRNA.
We further site-mutated 8 nucleotides (UGAUAUGU) of the miR-190 binding site (Fig. 5G) and transfected
the mutated constructs into UMUC3 (LacZ) and UMUC3 (miR-190 inhibitor) cells. As shown in Fig. 5H, the
mutation of miR-190 binding sites abrogated the promoted effects of the miR-190 inhibitor on TET1-CDS
luciferase reporter activity. Collectively, these data demonstrate that TET1 is a potential direct target gene
of miR-190.

3.6 C-Jun Mediates miR-190 up-regulation via promotion of TLN2 transcription

miR-190 is conserved in mouse, rat, and human genomes and is located in the intron region of the TLN2
gene (Fig. 6A) (34). TLN2 can also regulate the expression of miR-190 (10). Therefore, we measured
TLN2 mRNA levels in UROtsa and UMUC3 cells (Fig. 6B), and the results showed that TLN2 mRNA
expression in UMUC3 cells was signi�cantly higher than that in UROtsa cells. Then, the promoter activity
of TLN2 was evaluated and compared between UROtsa and UMUC3 cells. As shown in Fig. 6C, the
promoter activity of TLN2 was signi�cantly increased in UMUC3 cells, indicating increased transcription
of TLN2/miR-190 in UMUC3 cells. Next, we performed a bioinformatics analysis of the TLN2 promoter
region and identi�ed the potential binding sites of several transcription factors in the TLN2 promoter
region, including Ets1, YY1, AP-1, JunB, and Elk-1 (Fig. 6D). To de�ne the speci�c transcription factor(s)
involved in the regulation of TLN2, the protein expression of these transcription factors was examined in
UROtsa and UMUC3 cells. As shown in Fig. 6E, c-Jun protein expression and phosphorylation at ser73
were both increased in UMUC3 cells, consistent with the alteration of relative AP-1 activity between
UROtsa and UMUC3 cells (Fig. 6F). Therefore, the c-Jun dominant-negative mutant TAM67 was
transfected into UMUC3 cells to determine the potential contribution of c-Jun to the activity of the TLN2
promoter (Fig. 6G). Moreover, the ectopic expression of TAM67 successfully blocked TLN2 promoter
activity (Fig. 6H), TLN2 mRNA (Fig. 6I), and miR-190 level (Fig. 6J) as well as increased p27 protein level
(Fig. 6G), suggesting that c-Jun plays an important role in the upregulation of TLN2 mRNA and miR-190



Page 10/21

levels. Taken together, these results demonstrate that c-Jun promotes TLN2/miR-190 transcription,
thereby upregulating miR-190 expression in human BC cells. Our results conclusively indicate that c-Jun
upregulates miR-190 to promote bladder cell transformation by inhibiting CDKN1B mRNA stability. In
addition, miR-190 targets TET1 CDS to inhibit TET1 protein expression and attenuate the demethylation
of the CDKN1B promoter, thereby inhibiting CDKN1B mRNA transcription, as summarized in Fig. 6K.

4. Discussion
Many studies have shown that miR-190, as an oncogene or tumor suppressor gene, is involved in
regulating the proliferation and metastasis of tumor cells (12, 13). However, few studies have
investigated the role and mechanism of miR-190 in BC. We found that miR-190 was overexpressed in
human BC tissues and contributed to bladder cell transformation. A further study found that p27
downregulation plays a crucial role in miR-190, inducing S phase in the cell cycles of BC cells. The cyclin-
dependent kinase (Cdk) inhibitor p27 (also known as KIP1) was discovered as a mediator of growth
arrest (35). A previous study showed that p27 impedes cell cycle progression by inhibiting cyclin-
dependent kinases (CDKs) by transforming growth factor β (TGF-β) (36). p27 expression is reduced in
various tumors including lung (37), head and neck (38), colorectal (39), and ovarian cancers (40), and is
associated with prognosis. The expression of p27 in cells is strictly regulated, including transcription (41),
protein translation (42), nuclear to cytoplasmic transport (43), and protein degradation (44), among
others. Our results showed that miR-190 simultaneously downregulates the p27 protein by directly acting
on the p27 mRNA and TET1-mediated hypermethylation level to suppress transcription. Mechanistic
research showed that miR-190 mainly downregulated p27 in terms of mRNA levels, which can inhibit p27
mRNA stability by binding to p27 mRNA 3’-UTR. On the other hand, miR-190 simultaneously inhibits p27
transcription by upregulating p27 promoter methylation in human BC cells. The methylation level in the
promoter region is mainly mediated by DNMTs and demethylases. DNMTs can transfer a group of methyl
groups of the universal methyl donor S-adenosyl L-methionine to the 5 position of cytosine residues in
DNA. The TET enzymes (TET1, TET2, and TET3) catalyze the conversion of 5-mC to 5-hmC and promote
DNA demethylation. The TET enzymes family are Fe2+ and 2-oxoglutarate-dependent dioxygenases, and
TET1 and TET3 contain a CXXC zinc �nger domain at their amino-terminus, which is known to bind CpG
sequences(45). Our results suggest that TET1 plays a key role in mediating the hypermethylation level of
the p27 promoter. Furthermore, miR-190 downregulated TET1 by binding its CDS region, as well as
mediated p27 promoter hypermethylation. Therefore, we conclude that miR-190 simultaneously
downregulates the p27 protein by directly acting on p27 mRNA and TET1-mediated hypermethylation
levels to suppress transcription.

The expression of miR-190 varies in different tumors, and this expression is increased in BC, but the
mechanism behind this remain unclear. c-Jun is a proto-oncoprotein that can heterodimerize with c-Fos to
form the activator protein-1 (AP-1) (46). The absence of c-Jun results in elevated expression of the tumor
suppressor gene(47). Previous reports have shown that c-Jun enhancement of androgen receptor
transactivation is associated with prostate cancer cell proliferation(48). Our data indicate that the
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transcription of TLN2/miR-190 in UMUC3 cells was increased. c-Jun protein and c-Jun phosphorylation
(ser73) levels were increased in UMUC3 cells. Furthermore, ectopic expression of TAM67 successfully
blocked TLN2 promoter activity, TLN2 mRNA, and miR-190 levels as well as increased p27 protein levels.
Therefore, we concluded that c-Jun promotes TLN2/miR-190 transcription, thereby upregulating miR-190
expression in human BC cells.

5. Conclusion
In summary, the current study showed for the �rst time that miR-190 is upregulated in human BC tissues
and contributes to bladder cell transformation. Moreover, c-Jun mediated miR-190 upregulation via
promotion of TLN2 transcription. miRNAs play biological roles by modulating target gene expression
through binding to the 3’-UTR of target genes or by up-regulating p27 promoter methylation to cause
mRNA stability alteration or protein translation suppression. Taken together, these results indicate that
miR-190 is a critical cancer-promoting molecule in BC and that miR-190 and its target genes may serve as
potential targets for early diagnosis and/or as targets for the treatment of BC patients.

Abbreviations
Act D, actinomycin D; BC, bladder cancer; UC, urothelial carcinomas; NMIBC, non-muscle invasive tumors;
MIBC, muscle invasive tumors; UTR, untranslated region; DNMT, DNA methyltransferase.

Declarations
Ethics approval and consent to participate: Not applicable.

Consent for publication: Not applicable.

Availability of data and material: The datasets generated and analyzed during the current study are
available from the corresponding author on reasonable request.

Competing interests: Neither this paper nor any similar paper has been or will be submitted to or
published in any other scienti�c journal. All authors are aware and agree to the content of the paper and
to their being listed as an author on the manuscript. There is no con�ict of interest or competing �nancial
interests for all authors.

Funding: This work was partially supported by grants from the Natural Science Foundation of China
(NSFC81601849), Zhejiang Provincial Medicine and Health Technology Project (2019RC217), Wenzhou
Science and Technology Bureau (Y20180109).

Authors' contributions: XQ and ZX conceived and designed the study; HS, HX, KM, ZJ, MH and TZ
detected the cells’ biological function, performed the RT-PCR assays, carried out the Anchorage-



Page 12/21

independent growth, and conducted the statistical analyses. HS, ZX and XQ drafted the manuscript. All
authors read and approved the �nal version of the manuscript.

Acknowledgements: The results published here are based entirely on data generated by the TCGA
Research Network (https://cancergenome.nih.gov/). We thank participants who developed TCGA bladder
cancer data set resources, specimen donors and research groups for their contributions to the database
construction.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68(1):7-30.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA
Cancer J Clin. 2018;68(6):394-424.

3. Sjodahl G, Lauss M, Lovgren K, Chebil G, Gudjonsson S, Veerla S, et al. A molecular taxonomy for
urothelial carcinoma. Clin Cancer Res. 2012;18(12):3377-86.

4. Damrauer JS, Hoadley KA, Chism DD, Fan C, Tiganelli CJ, Wobker SE, et al. Intrinsic subtypes of high-
grade bladder cancer re�ect the hallmarks of breast cancer biology. Proc Natl Acad Sci U S A.
2014;111(8):3110-5.

5. Matarazzo S, Melocchi L, Rezzola S, Grillo E, Maccarinelli F, Giacomini A, et al. Long Pentraxin-3
Follows and Modulates Bladder Cancer Progression. Cancers (Basel). 2019;11(9).

�. Choi W, Czerniak B, Ochoa A, Su X, Siefker-Radtke A, Dinney C, et al. Intrinsic basal and luminal
subtypes of muscle-invasive bladder cancer. Nat Rev Urol. 2014;11(7):400-10.

7. Acharya A, Berry DC, Zhang H, Jiang Y, Jones BT, Hammer RE, et al. miR-26 suppresses adipocyte
progenitor differentiation and fat production by targeting Fbxl19. Genes Dev. 2019;33(19-20):1367-
80.

�. Mukohyama J, Isobe T, Hu Q, Hayashi T, Watanabe T, Maeda M, et al. miR-221 Targets QKI to
Enhance the Tumorigenic Capacity of Human Colorectal Cancer Stem Cells. Cancer Res.
2019;79(20):5151-8.

9. Yu Y, Yin W, Yu ZH, Zhou YJ, Chi JR, Ge J, et al. miR-190 enhances endocrine therapy sensitivity by
regulating SOX9 expression in breast cancer. J Exp Clin Cancer Res. 2019;38(1):22.

10. Beezhold K, Liu J, Kan H, Meighan T, Castranova V, Shi X, et al. miR-190-mediated downregulation of
PHLPP contributes to arsenic-induced Akt activation and carcinogenesis. Toxicol Sci.
2011;123(2):411-20.

11. Yu Y, Zhang D, Huang H, Li J, Zhang M, Wan Y, et al. NF-κB1 p50 promotes p53 protein translation
through miR-190 downregulation of PHLPP1. Oncogene. 2014;33(8):996-1005.

12. Xiong Y, Wu S, Yu H, Wu J, Wang Y, Li H, et al. miR-190 promotes HCC proliferation and metastasis by
targeting PHLPP1. Exp Cell Res. 2018;371(1):185-95.



Page 13/21

13. Yu Y, Luo W, Yang ZJ, Chi JR, Li YR, Ding Y, et al. miR-190 suppresses breast cancer metastasis by
regulation of TGF-beta-induced epithelial-mesenchymal transition. Mol Cancer. 2018;17(1):70.

14. Jia WZ, Yu T, An Q, Yang H, Zhang Z, Liu X, et al. MicroRNA-190 regulates FOXP2 genes in human
gastric cancer. Onco Targets Ther. 2016;9:3643-51.

15. Jia D, Li S, Li D, Xue H, Yang D, Liu Y. Mining TCGA database for genes of prognostic value in
glioblastoma microenvironment. Aging (Albany NY). 2018;10(4):592-605.

1�. Wong N, Wang X. miRDB: an online resource for microRNA target prediction and functional
annotations. Nucleic Acids Res. 2015;43(Database issue):D146-52.

17. Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting effective microRNA target sites in mammalian
mRNAs. Elife. 2015;4.

1�. Jin H, Sun W, Zhang Y, Yan H, Liufu H, Wang S, et al. MicroRNA-411 downregulation enhances tumor
growth by upregulating MLLT11 expression in human bladder cancer. Molecular Therapy-Nucleic
Acids. 2018;11:312-22.

19. Yan H, Ren S, Lin Q, Yu Y, Chen C, Hua X, et al. Inhibition of UBE2N-dependent CDK6 protein
degradation by miR-934 promotes human bladder cancer cell growth. The FASEB Journal.
2019;33(11):12112-23.

20. Xie Q, Chen C, Li H, Xu J, Wu L, Yu Y, et al. miR-3687 Overexpression Promotes Bladder Cancer Cell
Growth by Inhibiting the Negative Effect of FOXP1 on Cyclin E2 Transcription. Molecular Therapy.
2019;27(5):1028-38.

21. Xie Q, Chen C, Li H, Xu J, Wu L, Yu Y, et al. miR-3687 Overexpression Promotes Bladder Cancer Cell
Growth by Inhibiting the Negative Effect of FOXP1 on Cyclin E2 Transcription. Mol Ther.
2019;27(5):1028-38.

22. Sun W, Li S, Yu Y, Jin H, Xie Q, Hua X, et al. MicroRNA-3648 Is Upregulated to Suppress TCF21,
Resulting in Promotion of Invasion and Metastasis of Human Bladder Cancer. Mol Ther Nucleic
Acids. 2019;16:519-30.

23. Zhu J, Tian Z, Li Y, Hua X, Zhang D, Li J, et al. ATG7 Promotes Bladder Cancer Invasion via
Autophagy-Mediated Increased ARHGDIB mRNA Stability. Adv Sci (Weinh). 2019;6(8):1801927.

24. Xie Q, Guo X, Gu J, Zhang L, Jin H, Huang H, et al. p85alpha promotes nucleolin transcription and
subsequently enhances EGFR mRNA stability and EGF-induced malignant cellular transformation.
Oncotarget. 2016;7(13):16636-49.

25. Fabian MR, Sonenberg N, Filipowicz W. Regulation of mRNA translation and stability by microRNAs.
Annu Rev Biochem. 2010;79:351-79.

2�. Kanwal R, Gupta S. Epigenetic modi�cations in cancer. Clin Genet. 2012;81(4):303-11.

27. Li LC, Dahiya R. MethPrimer: designing primers for methylation PCRs. Bioinformatics.
2002;18(11):1427-31.

2�. Shilatifard A. Chromatin modi�cations by methylation and ubiquitination: implications in the
regulation of gene expression. Annu Rev Biochem. 2006;75:243-69.



Page 14/21

29. Christman JK. 5-Azacytidine and 5-aza-2′-deoxycytidine as inhibitors of DNA methylation:
mechanistic studies and their implications for cancer therapy. Oncogene. 2002;21(35):5483-95.

30. Jin B, Robertson KD. DNA methyltransferases, DNA damage repair, and cancer. Adv Exp Med Biol.
2013;754:3-29.

31. Tahiliani M, Koh KP, Shen Y, Pastor WA, Bandukwala H, Brudno Y, et al. Conversion of 5-
methylcytosine to 5-hydroxymethylcytosine in mammalian DNA by MLL partner TET1. Science.
2009;324(5929):930-5.

32. Lorsbach R, Moore J, Mathew S, Raimondi S, Mukatira S, Downing J. TET1, a member of a novel
protein family, is fused to MLL in acute myeloid leukemia containing the t (10; 11)(q22; q23).
Leukemia. 2003;17(3):637-41.

33. Xu Y, Xu C, Kato A, Tempel W, Abreu JG, Bian C, et al. Tet3 CXXC domain and dioxygenase activity
cooperatively regulate key genes for Xenopus eye and neural development. Cell. 2012;151(6):1200-
13.

34. Gri�ths-Jones S, Saini HK, van Dongen S, Enright AJ. miRBase: tools for microRNA genomics.
Nucleic Acids Res. 2008;36(Database issue):D154-8.

35. Liang J, Zubovitz J, Petrocelli T, Kotchetkov R, Connor MK, Han K, et al. PKB/Akt phosphorylates p27,
impairs nuclear import of p27 and opposes p27-mediated G1 arrest. Nat Med. 2002;8(10):1153-60.

3�. Yoon H, Kim M, Jang K, Shin M, Besser A, Xiao X, et al. p27 transcriptionally coregulates cJun to drive
programs of tumor progression. Proc Natl Acad Sci U S A. 2019;116(14):7005-14.

37. Catzavelos C, Tsao M-S, DeBoer G, Bhattacharya N, Shepherd FA, Slingerland JM. Reduced
expression of the cell cycle inhibitor p27Kip1 in non-small cell lung carcinoma: a prognostic factor
independent of Ras. Cancer Research. 1999;59(3):684-8.

3�. Tamura N, Dong Y, Sui L, Tai Y, Sugimoto K, Nagahata S, et al. Cyclin-dependent kinase inhibitor p27
is related to cell proliferation and prognosis in laryngeal squamous cell carcinomas. The Journal of
Laryngology & Otology. 2001;115(5):400-6.

39. Ciaparrone M, Yamamoto H, Yao Y, Sgambato A, Cattoretti G, Tomita N, et al. Localization and
expression of p27KIP1 in multistage colorectal carcinogenesis. Cancer research. 1998;58(1):114-22.

40. Korkolopoulou P, Vassilopoulos I, Konstantinidou AE, Zorzos H, Patsouris E, Agapitos E, et al. The
combined evaluation of p27Kip1 and Ki-67 expression provides independent information on overall
survival of ovarian carcinoma patients. Gynecologic oncology. 2002;85(3):404-14.

41. Yang W, Shen J, Wu M, Arsura M, FitzGerald M, Suldan Z, et al. Repression of transcription of the
p27(Kip1) cyclin-dependent kinase inhibitor gene by c-Myc. Oncogene. 2001;20(14):1688-702.

42. Göpfert U, Kullmann M, Hengst L. Cell cycle-dependent translation of p27 involves a responsive
element in its 5′-UTR that overlaps with a uORF. Human molecular genetics. 2003;12(14):1767-79.

43. Connor MK, Kotchetkov R, Cariou S, Resch A, Lupetti R, Beniston RG, et al. CRM1/Ran-mediated
nuclear export of p27Kip1 involves a nuclear export signal and links p27 export and proteolysis.
Molecular biology of the cell. 2003;14(1):201-13.



Page 15/21

44. Nakayama KI, Nakayama K. Ubiquitin ligases: cell-cycle control and cancer. Nat Rev Cancer.
2006;6(5):369-81.

45. Santiago M, Antunes C, Guedes M, Iacovino M, Kyba M, Reik W, et al. Tet3 regulates cellular identity
and DNA methylation in neural progenitor cells. Cell Mol Life Sci. 2020;77(14):2871-83.

4�. Angel P, Karin M. The role of Jun, Fos and the AP-1 complex in cell-proliferation and transformation.
Biochim Biophys Acta. 1991;1072(2-3):129-57.

47. Schreiber M, Kolbus A, Piu F, Szabowski A, Mohle-Steinlein U, Tian J. Control of cell cycle progression
by c-Jun is p53 dependent. Genes & Development. 1999;13(5):607–19.

4�. Chen SY, Cai C, Fisher CJ, Zheng Z, Omwancha J, Hsieh CL, et al. c-Jun enhancement of androgen
receptor transactivation is associated with prostate cancer cell proliferation. Oncogene.
2006;25(54):7212-23.

Figures

Figure 1

The expression of miR-190 in Human BC tissues and its role in bladder urothelial cell transformation. (A)
The expression of miR-190 in BC tissues was compared with normal bladder tissues and miR-190 was
up-regulated in BC tissues (p=0.0118). (B) miR-190 and control vector were stably transfected into
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UROtsa, and stable transfectants were identified by real-time PCR (* P <0.05, ** P <0.01, *** P <0.001). (C
& D) 1×104 cells of UROtsa(pLKO.1) and UROtsa(miR-190) were subjected to soft agar assay in the
presence of EGF (20 ng/ml). The images were captured under inverted microscopies after being
incubated in a 37°C with 5% CO2 incubator for 3 weeks (C) and the colonies were also counted (D). Each
bar indicates the mean ± SD from triplicate assays. The symbol (*) indicates a signi�cant increase as
compared with the medium control, while the symbol (#) indicates a signi�cant increase in comparison to
UROtsa(pLKO.1) cells (* P <0.05, ** P <0.01, *** P <0.001; # P <0.05, ## P <0.01, ### P <0.001). (E miR-
190 sponge inhibitor (miR-190 inhibitor) and control vector were stably transfected into UMUC3 cells, and
the stable transfectants were identified by real-time PCR (* P <0.05, ** P <0.01, *** P <0.001). (F & G) the
indicated cell transfectants were subjected to soft agar assay same as described in “C & D” (F & G); The
symbol (*) indicates a signi�cant decrease as compared with the UMUC3(LacZ) cells (* P <0.05, ** P
<0.01, *** P <0.001).
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Figure 2

miR-190 induced BC cell growth by down-regulating p27 and promoting G1/S phase transition. (A-D) The
indicated cells were seeded into 6-well plates and cultured to 70%–80% con�uence; after synchronization
in 0.1% FBS medium for 24 hrs., cells were cultured in complete medium for another 24 hrs. and then
subjected to cell cycle analysis by �ow cytometry as described in Materials and Methods. (E) GO analysis
of potential miR-190 targeted genes. (F, G, H, K) Cell lysates from the indicated cells were evaluated for
p27, cyclin D1, CKD4, and CKD6 expression via western blots. β-Actin or GAPDH served as the loading
control. (I-J & L-M) A soft agar assay was used to determine the effect of p27 overexpression (I-J) or
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knockdown (L-M) on anchorage-independent growth compared with vector control cells; Representative
images of colonies from the indicated cells were captured under microscopy after 3 weeks of incubation.
The number of colonies was counted under microscopy and the number of colonies was counted and
presented as colonies per 104 cells. The symbol (*) indicates a signi�cant difference (* P <0.05, ** P
<0.01, *** P <0.001; # P <0.05, ## P <0.01, ### P <0.001).

Figure 3

miR-190 reduces p27 mRNA stability by binding to its 3’UTR (A & B) real-time PCR was performed to
determine CDKN1B mRNA expression levels in UROtsa(miR-190) and UMUC3(miR-190 inhibitor) and their
vector control cells. GAPDH was used as an internal control. Bars represent mean ±SD from three
independent experiments. The symbol (*) indicates a signi�cant difference (* P <0.05, ** P <0.01, *** P
<0.001). (C) UMUC3(LacZ) and UMUC3(miR-190 inhibitor) cells were treated with Act D (20 μg/mL) for
the indicated time periods. Total RNA was isolated and subjected to real-time PCR analysis for CDKN1B
mRNA expression. (D) The CDKN1B 3’UTR reporters were co-transfected with pRL-TK into the indicated
cells. Twenty-four hours post-transfection, the transfectants were extracted for determination of the
luciferase activity, and TK was used as the internal control. The results are shown as CDKN1B 3’UTR
activity relative to vector control transfectant, and each bar indicates the mean ± SD from three
independent experiments. The symbol (*) indicates a signi�cant difference (* P <0.05, ** P <0.01, *** P
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<0.001). (E) Potential miR-190 targeting sequences of the CDKN1B mRNA 3’-UTR were analyzed using
TargetScan software. Schematics of the CDKN1B mRNA 3’-UTR luciferase reporter and its mutants (MUT)
are shown. (F) WT and mutant CDKN1B 3’-UTR reporters were co-transfected with pRL-TK into the
indicated UMUC3 (miR-190 inhibitor) transfectants. At 24 h after transfection, transfectants were
extracted to assess luciferase activity; TK was used as the internal control. Each bar indicates the mean ±
SD of three assays; *signi�cant difference (* P <0.05, ** P <0.01, *** P <0.001; # P <0.05, ## P <0.01, ###
P <0.001).

Figure 4

miR-190 inhibits CDKN1B transcription by up-regulating its promoter methylation. (A & B) Indicated cells
were transiently transfected with a CDKN1B promoter-driven luciferase reporter together with pRL-TK.
Transfectants were seeded into 96-well plates to determine CDKN1B promoter transcriptional activity.
pRL-TK was used as the internal control to normalize transfection e�ciency. Bars indicate means ± SD
from three replicate assays. The symbol (*) indicates a signi�cant difference (* P <0.05, ** P <0.01, *** P
<0.001). (C) Potential CpG Islands of human CDKN1B promoter were analyzed via MethPrimer v1.1beta
software. (D & E) The methylation status of the CDKN1B promoter in the methylation region was
determined using the MS-PCR assay in the indicated cells. A primer set was used to evaluate the
methylated (M) and unmethylated (U) copies of CDKN1B promoter in the methylation region. Methylated
control was used as positive control (M), whereas unmethylated control was used as negative control (U).
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(F & G) Indicated cells were pre-treated with 5-aza-2'-deoxycytidine and the cells were then subjected to
Western Blot to analyze p27 protein level. β-Actin was used as a protein loading control.

Figure 5

TET1 was a potential direct target gene of miR-190. (A & B) Cell lysates from indicated cells were
evaluated for DNMT3a, DNMT3b, TETI, and TET2 expression. PARP was used as a protein loading
control. (C) TET1 was transfected into UROtsa(miR-190)cells, and cell lysates from the indicated cells
were subjected to western blot to analyze TET1 and p27 protein expression. β-Actin was used as a protein
loading control. (D) Schematic diagram of CDS and 3'UTR of TET1 mRNA binding to miR-190. (E & F)
Predicted miR-190 binding site region downstream of the �re�y luciferase gene (pMIR-report Vector) was
cloned (E), and pMIR-TET1-CDS were co-transfected with pRL-TK into the indicated UMUC3 (miR-190
inhibitor) and UMUC3(LacZ) transfectants. At 24 h after transfection, transfectants were extracted to
assess luciferase activity (F); TK was used as the internal control. Each bar indicates the mean ± SD of
three assays; *significant difference (* P <0.05, ** P <0.01, *** P <0.001; # P <0.05, ## P <0.01, ### P
<0.001). (G) Potential miR-190 targeting sequences of the TET1 CDS were analyzed using TargetScan
software. Schematics of the TET1 CDS luciferase reporter and its mutants (MUT) are shown. (H) WT and
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mutant pMIR-TET1-CDS reporters were co-transfected with pRL-TK into the indicated UMUC3 (miR-190
inhibitor) and UMUC3(LacZ) transfectants. At 24 h after transfection, transfectants were extracted to
assess luciferase activity; TK was used as the internal control. Each bar indicates the mean ± SD of three
assays; *significant difference (* P <0.05, ** P <0.01, *** P <0.001; # P <0.05, ## P <0.01, ### P <0.001).

Figure 6

c-Jun plays an important role in the up-regulation of Talin2 mRNA and miR-190 level. (A) miR-190 is
located in the intron region of the Talin2 gene. (B) Relative Talin2 mRNA expression was detected in
UROtsa and UMUC3 cells. *significant difference (* P <0.05, ** P <0.01, *** P <0.001). (C) The promoter
activity of Talin2 was evaluated and compared between UROtsa and UMUC3 cells. *significant difference
(* P <0.05, ** P <0.01, *** P <0.001). (D) Potential transcriptional factor-binding sites in the Talin2
promoter region (–887–+328) analyzed by using the ALGGEN engine online. (E) The indicated stable
transfectants were subjected to Western Blot to determine p-C-Jun Ser73, C-Jun, C-Fos, Ets-1, Elk-1, and
JunB levels. GAPDH was used as a protein loading control. (F) Relative AP-1 activity was detected in
UROtsa and UMUC3 cells. *significant difference (* P <0.05, ** P <0.01, *** P <0.001). (G) c-Jun
dominant-negative mutant TAM67 and vector control plasmids were transfected into UMUC3 cells, and c-
Jun dominant-negative mutant was identified by western blot. (H-J) Relative Talin2 promoter activity (H),
Talin2 mRNA(I) and miR-190 level (J) detected in TAM67 was compared to that in their vector control
cells. *significant difference (* P <0.05, ** P <0.01, *** P <0.001). (K) The proposed schematic for the
mechanism underlying miR-190 contributes to Human Bladder Cell Transformation.


