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Abstract: Bladder cancer is one of the most common cancers in the world. Despite advanced development made to 
improve the diagnosis and therapy techniques for bladder cancer, patients always have a poor outcome based on 
its high potential for metastasis. MiR-195 was reported to have close relevance with the process of bladder cancer. 
However, the molecular mechanism of miR-195 underlying bladder cancer metastasis and epithelial-mesenchymal 
transition (EMT) remains unclear. The present study was done to explore the function of miR-195 on EMT and cell 
migration in bladder cancer. In the present study, we detected the level of miR-195 in 25 matched human bladder 
cancer tissues and normal adjacent tissues, as well as bladder cancer cell lines or normal cells. Additionally, we 
determined the effects of miR-195 on expression of CDK4, and the miR-195/CKD4 signaling cascade on cell cycle, 
invasion, migration, and viability. Results showed that miR-195 was down expressed in bladder cancer tissues and 
cell lines, which inhibited EMT, cell migration, and invasion. We identify CDK4, an early G1 cell cycle regulator, as 
a downstream target of miR-195. Also, we found that miR-195 could induce G1-phase arrest, inhibit cell invasion, 
migration, and viability through down-regulation of CDK4 expression in 5637 and BIU-87 cells. Our experimental 
data suggest an important role for miR-195/CDK4 in bladder tumorigenesis and provide a potential therapeutic 
strategy for bladder cancer.
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Introduction

Bladder cancer is one of the most common 
cancers in the developed world, and urothelial 
carcinoma is the most common type of bladder 
cancer, with an incidence that ranks ninth in 
the globe among all kinds of cancers [1]. The 
lifetime cost for patients with bladder cancer is 
the highest among all cancers on a per-patient 
basis [2]. Until now, bladder carcinoma patients 
always have bad outcomes due to high meta-
static potential in spite of advanced improve-
ments made in surgical techniques and the 
molecular mechanisms underlying bladder can-
cer occurrence and progression remain unclear 
[3, 4].

It is reported that the occurrence and progres-
sion of bladder cancer involves various genetic 
changes, including chromosomal anomalies, 
genetic polymorphisms, and genetic and epi-
genetic alterations [5]. MicroRNAs (miRNAs) 

are small (18-25 nucleotide), endogenously 
expressed, noncoding, and single-stranded 
RNA molecules [6]. They modulate genes ex- 
pression at the post-transcriptional level pri-
marily by binding to the 3’-untranslated region 
(UTR) of a target messenger RNA (mRNA). 
MiRNAs can regulate gene expression by inhib-
iting protein translation of a target mRNA, or 
through degrading their target mRNA by affect-
ing its stability, thereby inhibiting protein syn-
thesis indirectly [6]. More than half of miRNA 
genes are located in cancer-related genomic 
regions or in fragile sites [7]. Aberrant expres-
sion of miRNAs in cancers are associated with 
poor prognosis, especially in bladder cancer 
[8-10]. miRNAs, as oncogenes or tumor sup-
pressors exert pivotal influence on cancer 
Epithelial-mesenchymal transition (EMT) [11, 
12], which is a process in which epithelial cells 
transfer toward the mesenchymal state, modify 
the adhesion molecules expressed, and allow 
cells to adopt a migratory or more invasive 
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behavior [13]. EMT has been shown to trigger 
dissociation of carcinoma cells from primary 
carcinomas, transfer to more aggressive cell 
phenotype, and subsequently result in cancer 
metastasis [14]. EMT is a common phenome-
non in malignant tumors, such as gastric can-
cer [15], lung cancer [16], pancreatic cancer 
[17], and bladder cancer [18, 19]. 

The previous study showed that miR-195 exhib-
its diverse expression patterns and functions 
differently according to different cancer types 
[20-22]. In bladder cancer, Chen Zhao et al. 
[20] reported that miR-195 was significantly 
downregulated in bladder cancer tissues and 
inhibited cell proliferation in bladder cancer via 
suppression of cell division control protein 42 
homolog/signal transducer and activator of 
transcription-3 signaling. Similarly, Yiwei Lin et 
al. [23] reported that miR-195 is down-regulat-
ed in human bladder cancer tissue and 
repressed T24 cell growth. However, the bio-
logical function of miR-195 on EMT process in 
bladder cancer was not well elucidated.

In the present study, we focused on the role of 
miR-195 on the EMT in bladder cancer. First, 
we detected the expression level of miR-195 in 
bladder cancer tissues and cell lines, followed 
by determination of the function of miR-195 on 
cell migration, invasion, and EMT. Finally, we 
investigated the impact of miR-195 on its down-
stream gene CDK4. Our current study, for the 
first time, show the function of miR-195 on cell 
EMT and migration in bladder cancer. Based on 
this work, we hope to find a promising biomark-
er for the early detection and therapeutic tar-
geting of bladder cancer.

Materials and methods

Patient tissue samples collection

The present study was approved by the Ethics 
Committee of Shanghai Huashan Hospital. 
Informed consent was obtained from each par-
ticipator of the study. 25 bladder cancer tis-
sues, in addition to their paired adjacent nor-
mal tissues, were collected from patients wi- 
thout chemotherapy or radiation in the De- 
partment of Urology, Huashan Hospital, Fu- 
dan University (Shanghai, China). Tissue sam- 
ples were identified by two experienced path- 
ologists without consideration for the clinical 
data and immediately frozen in liquid nitrogen 
following surgical removal.

Cell culture 

Human normal bladder cell line SV-HUC-1, blad-
der cancer cell lines 5637 and BIU-87 were 
purchased from American Type Culture Co- 
llection (ATCC, USA), bladder cancer cell line 
UMUC-3 were purchased from Cancer Institute 
& Hospital of the Chinese Academy of Medical 
Sciences (Shanghai, China). SV-HUC-1 cells 
were cultured in F-12K Medium, 5637 cells 
were cultured in RPMI-1640 medium, and 
UMUC-3 and BIU-87 cell lines were cultured in 
Eagles Minimum Essential Medium (DMEM), all 
medium was supplemented with 10% heat-
inactivated fetal bovine serum, penicillin (100 
U/ml), and streptomycin (100 mg/ml) in a 
humidified atmosphere containing 5% CO2 
maintained at 37°C.

miR-195/CDK4 overexpression or down ex-
pression and cell transfection

Synthesis of miR-195 mimic, miR-195 inhibitor, 
and their negative control duplex (named as NC 
in figures) lacking significant homology was pre-
viously reported [23]. siRNAs targeting of 
human CDK4 (No.SR300734), pCMV6-CDK4 
(No.SC112998), or their controls were all pur-
chased from OriGene (USA). All human sequenc-
es were applied for transient gain of function 
study. 

Transfection was performed using Lipofe- 
ctamine 2000 Reagent (Invitrogen, Carlsbad, 
CA, USA) when cell confluency was 50-60% in 
medium without antibiotics, according to the 
manufacturer’s instructions. The knockdown or 
overexpressed efficiencies of miR-195/CDK4 
were evaluated by qPCR after cells transfection 
with miR-195 mimic or miR-195 inhibitor 24 
hours.

Mimic-miR-195 (sense): UAGCAGCACAGAAAU- 
AUUGGC; Mimic-NC (sense): ACUACUGAGUG- 
ACAGUAGA. Inhibitor-miR-195: GCCAAUAUUU- 
CUGUGCUGCUA; Inhibitor-NC: CAGUACUUUU- 
GUGUAGUACAA.

Reverse-transcription and real-time quantita-
tive polymerase chain reaction (qPCR) analysis

Small RNA was isolated from bladder tissue 
and adjacent tissue samples by using RNAiso 
for small RNA (TaKaRa, Japan) and reversely 
transcribed using the One Step PrimeScript 
miRNA cDNA Synthesis Kit (TaKaRa, Japan), 
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while total RNA from transfected 5637, BIU-87 
cells was extracted with RNAiso plus (TaKaRa, 
Japan) and transcribed into cDNA with the 
PrimeScript RT reagent Kit (TaKaRa, Japan). 
The resulting cDNA was quantified by real-time 
RT-PCR using SYBR Premix Ex Taq (TaKaRa, 
Japan). The relative expression level of miR-
195 and CDK4 was calculated by the 2-ΔΔCt 

method after normalization with reference to 
expression of U6 small nuclear RNA or GAPDH, 
respectively. U6 was used as a reference gene. 
The qPCR conditions were set as follows: 95°C 
for 5 min, followed by 40 cycles of 95°C for 15 
sec and 60°C for 15 sec.

MiR-195 forward primer: 5’-TAGCAGCACAG- 
AAATATTGGC-3’; Reverse primer: Uni-miR qPCR 
primer (Takara, Dalian, China). U6 forward prim-
er: 5’-ACGCAAATTCGTGAAGCGTT-3’; Reverse 
primer: Uni-miR qPCR primer (Takara, Dalian, 
China).CDK4 forward primer: TGAAATTGGT- 
GTCGGTGCCT; Reverse primer: CAGTCGCCT- 
CAGTAAAGCCA. N-cadherin forward primer: 
TGC GGT ACAGTG TAA CTG GG; Reverse primer: 
GAA ACC GGG CTA TCT GCT CG. Vimentin  
forward primer: GGACCAGCTAACCAACGACA; 
Reverse primer: AAGGTCAAGACGTGCCAGAG. 
Snail forward primer: TCGGAAGCCTAACTAC- 
AGCGA; Reverse primer: AGATGAGCATTGGC- 
AGCGAG. Slug forward primer: AGATGC AT- 
ATTCGGA CCC AC; Reverse primer: CCT CAT GTT 
TGT GCA GGA GA. Twist forward primer: 
CTCGGACAAGCTGAGCAAGA; Reverse primer: 
GCTCTGGAGGACCTGGTAGA. E-cadherin for-
ward primer: AACAGGATGGCTGAAGGTGA; Re- 
verse primer: CCTTCCATGACAGACCCCTT. GA- 
PDH forward primer: GCACCGTCAAGGCTGA- 
GAAC; Reverse primer: TGGTGAAGACGCCAG- 
TGGA.

Western blotting analysis 

Cells were lysed by RIPA buffer (Beyotime, 
Shanghai, China) supplemented with protease 
inhibitors. The proteins were separated with 
10% SDS-PAGE and transferred onto a polyvi-
nylidene difluoride (PVDF; Millipore, USA) mem-
brane, subsequently incubated the PVDF mem-
brane with 5% nonfat milk dissolved by Tris 
buffered saline with Tween 20 containing 
(TBST) at room temperature for 1 h. The PVDF 
membrane was then further incubated with 
rabbit polyclonal anti-CDK4 (No.ab64533),  
rabbit monoclonal anti-N-cadherin (No.ab- 
18203), rabbit monoclonal anti-E-cadherin (No.
ab152102), rabbit monoclonal anti-Vimentin 
(No.ab92547), rabbit monoclonal anti-Slug (No.
ab27568), rabbit monoclonal anti-Snail (No.
ab180714), rabbit monoclonal anti-Twist (No.
ab50887), and rabbit monoclonal anti-GAPDH 
(No.ab181602) primary antibodies (Abcam, 
Cambridge, UK), respectively, at room tempera-
ture for 3 hours. Subsequent to being washed 

Figure 1. miR-195 overexpression in bladder cancer 
and cell lines and association with poor prognosis in 
patients. A: The expression level of miR-195 in blad-
der cancer tissues and its matched adjacent non-
tumor tissues. B: The expression level of miR-195 in 
bladder cancer cell lines 5637, BIU-87, UMUC-3, and 
normal bladder cell line SV-HUC-1. C: Kaplane-Meier 
curves (KM) of overall survival in bladder cancer pa-
tients with high miR-195 level or low miR-195 level. 
(n=3, **P<0.01, ***P<0.001).
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Table 1. Correlation of miR-195 expression level and clinico-
pathologic features of patients with bladder cancer

Clinical features N
mir-195 expression level

P valuesLow  
expression

High  
expression

Sex
    Male 97 55 42

0.515
    Female 49 25 24
Age (years)
    ≤50 65 35 30

0.837
    >50 81 45 36
Stage
    Ta 48 15 33

0.001    T1 56 35 21
    ≥T2 42 35 7
Grade
    Low malignant potential 42 25 17

0.914    Low grade 43 23 16
    High grade 61 34 27
Carcinoma in situ
    Yes 36 21 16

0.815
    No 110 60 50
Recurrence
    Yes 53 42 11

0.001
    No 93 39 54
Progression
    Yes 36 32 4

0.001
    No 110 53 57

three times in phosphate-buffered saline (PBS) 
with Tween 20, the membrane was incubated 
with the goat anti-rabbit secondary antibody 
(Abcam) at room temperature for 40 min. 
Chemiluminescent detection was carried out 
using an enhanced chemiluminescence kit 
(Pierce Chemical, Rockford, IL, USA), and rela-
tive protein expression was analyzed using 
Image-Pro Plus software 6.0 (Media Cyber- 
netics, Inc., Rockville, MD, USA). Relative pro-
tein expression was shown as the density ratio 
versus GAPDH.

Cell proliferation detection

The cells were seeded in 96-well plates at a 
density of 1 × 104 cells per well and a Cell Co- 
unting Kit-8 assay (CCK-8; Dojindo, Japan) was 
used to assess the proliferation potential. 
Duplicate sets of 5 wells each were assessed 
for each time point. At every 24 hours after 
seeding, the absorbance was measured at 450 

Luciferase assays

CDK4 3’-UTR-luciferase reporter vector was 
created by ligating the CDK4 3’-UTR PCR prod-
ucts into the XhoI and NotI restriction sites of 
the psiCHECK-2TM Vector (Promega, Madison, 
Wisconsin, USA). Bladder cancer cells 5637 
and BIU-87 were grown in a 24-well plate, sub-
sequently with co-transfected with 50 nM of 
either miR-195 mimic or miR-195 inhibitor or 
their negative control oligo and CDK4 3’-UTR-
luciferase reporter vector. The relative lucifer-
ase activity was measured by Dual-Luciferase 
Reporter Assay System (Promega, USA) 48 h 
after transfection.

Statistical analysis

Each assay was repeated at least 3 times. Da- 
ta were expressed as mean ± standard de- 
viation (SD) of three independent experiments. 
All analyses were performed using GraphPad 

nm using a plate reader (model 
680; Bio-Rad, Hertfordshire, UK). 
Each assay was repeated at least 3 
times.

Cell colony formation assay 

5637, BIU-87, and UMUC-3 cells in 
the experimental or control group 
(200 cells/well) were plated in tri- 
plicate into 6-well plates and cul-
tured for 2 weeks. Cells were then 
stained with 0.1% crystal violet, and 
the colony formation rate was cal-
culated using the following equa-
tion: colony efficiency (%) = (number 
of colonies/number of seeded cells) 
× 100.

Cell cycle

A549 cells were digested by enzyme 
and centrifuged at 1000 rpm for 5 
min. After washed with PBS twice, 
the cells were fixed with 1 ml pre-
cooled 70% ethanol at 4°C for 24 h. 
Next, the cells were treated with 
propidium iodide (PI) and RNase A 
at 37°C for 30 min. Then the cells 
were tested by flow cytometry at 
488 nm to test DNA content. FACS 
data were analyzed using FlowJo 
software (Tree Star, Inc.).
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Prism version 6.0 or SPSS 17.0. Two-tailed 
Student’s t-test was used to evaluate the differ-
ences in protein expression and mRNA levels.  
P<0.05 was considered to be statistically 
significant.

Results

Overexpression of miR-195 in bladder cancer 
is associated with patients’ poor prognosis 

To assess the potential role of miR-195 in blad-
der cancer, we examined the mRNA expression 
of miR-195 in 25 human bladder cancer sam-
ples and paired normal adjacent bladder tis-
sues using qPCR. As shown in Figure 1A, 
expression of miR-195 was lower in bladder 
cancer samples compared with their corre-
sponding normal tissues. Statistical analyses 
suggested that the average expression levels of 
miR-195 in bladder cancer samples were lower 
than that in paired normal tissues (P<0.001). 
We also determined the expression of miR-195 
in bladder cancer cell lines 5637, BIU-87, 
UMUC-2, and normal bladder cell SV-HUC-1. 
Similarly, the level of miR-195 was significantly 

downregulated in 5637, BIU-87, and UMUC-2 
compared with that in SV-HUC-1 (Figure 1B). In 
addition, we analyzed overall survival in blad-
der cancer patients with high miR-195 level or 
low miR-195 level by Kaplan-Meier curves (KM), 
and the results showed that patients with high 
expression of miR-195 had shorter overall sur-
vival than patients with low expression of miR-
195 (Figure 1C). Besides, as shown in Tables 1, 
2, patients with low levels of miR-195 always 
had a higher stage of malignancy cancer, high-
er incidence rate of cancer progression, and 
lower 5-year survival compared with those 
patients with high levels of miR-195. These dif-
ferences were statistically significant (P<0.05). 
All the data indicated that miR-195 exerted 
anti-tumor effects in bladder cancer.

miR-195 inhibits cell migration, invasion, and 
cloning efficiency in bladder cancer cells

To confirm the anti-tumor effects of miR-195 in 
bladder cancer, we recruited miR-195 mimics 
and inhibitor to upregulate and downregulate 
the expression level of miR-195 in 5637 and 
BIU-87 cells. As shown in Figure 2A, the knock-
down efficiency of inhibitor-miR-195 was about 
80.0%, and the expression level of miR-195 
increased about 12-fold when cells were trans-
fected with miR-195 mimics in both 5637 and 
BIU-87 cells, compared with control group. The 
migration and invasion abilities of 5637 and 
BIU-87 cells were repressed when upregulated 
the level of miR-195, the migration and inva-
sion abilities of 5637 and BIU-87 cells were 
facilitated when downregulated the level of 
miR-195 (Figure 2B-D). We also examined the 
cloning efficiency influenced by miR-195 in 
5637 and BIU-87 cells. Similarly, overexpres-
sion of miR-195 could inhibit cell cloning effi-
ciency, whereas knocking down miR-195 could 
promote cell cloning efficiency in both 5637 
and BIU-87 cells. These results suggest that 
miR-195 serves as a cancer suppressor in blad-
der cancer, inhibiting cell migration, invasion, 
and cloning efficiency in bladder cancer cells.

miR-195 regulates EMT in bladder cancer cells 

Since EMT is closely related to cancer metasta-
sis, and miR-195 could inhibit cell migration, 
we investigated the function of miR-195 on 
EMT in bladder cancer cell lines 5637 and BIU-
87. The mRNA and protein expression levels of 
N-cadherin, Vimentin, Slug, Snail, and Twist in 
both 5637 and BIU-87 cells decreased signifi-

Table 2. The correlation of 5-year survival 
and miR-195 expression in bladder cancer 
patients

Clinical features N
Overall survival
5-year 

survival P values

Sex
    Male 97 44

0.21
    Female 49 32
Age (years)
    ≤50 65 30

0.899
    >50 81 36
Stage
    Ta 48 35

0.002    T1 56 25
    ≥T2 42 6
Grade
    Low malignant potential 42 25

0.241    Low grade 43 21
    High grade 61 20
Carcinoma in situ
    Yes 36 16

0.948
    No 110 50
Mir-195
    High 66 46

0.001
    Low 80 20
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cantly after miR-195 overexpression, and the 
mRNA and protein expression of E-cadherin 
increased significantly after cells were treated 
with miR-195 mimics (Figure 3). All these data 
indicate that miR-195 modulates EMT process, 
making cells acquire more characteristics of 
epithelial cells.

miR-195 regulates cell cycle and suppresses 
cell invasion via downregulation of CDK4

As shown in previous studies [23], CDK4, an 
early G1 cell cycle regulator, is a downstream 
gene which is regulated by miR-195. In the cur-
rent study, we examined the effects of miR-195 

Figure 2. miR-195 inhibits cell migration, invasion, and cloning efficiency in bladder cancer cells. (A) The expression 
level of miR-195 in 5637 and BIU-87 cells with different treatments: inhibitor-miR-195, inhibitor-NC, mimic-NC and 
mimic-miR-195. Cell migration was determined by wound healing assay, (B) in 5637 cells, and (C) in BIU-87 cells. 
(D) Transwell assay was performed to detect the invasion ability of 5637 and BIU-87 cells with different treatments. 
(E) Cloning formation assay was carried out to test the cloning efficiency of 5637and BIU-87 cells in different group. 
(n=3, ##P<0.01, ###,***P<0.001).
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on bladder cancer cell cycle. First, we transfect-
ed 5637 and BIU-87 cells with 50 nM miR-195 
mimics or miR-195 inhibitor and assessed the 
impact of miR-195 on the expression of CKD4 
by both qPCR and Western blot analysis. As 
shown in Figure 4A and 4B, expression of 
CDK4 increased or decreased when cells had 
downregulated or upregulated expression of 
miR-195. We performed luciferase assays to 
determine the relationship between miR-195 
and CDK4, and the fluorescence intensity was 
enhanced when miR-195 was knocked down 
and the fluorescence intensity was impaired 
when miR-195 was overexpressed (Figure 5B), 
suggesting miR-195 negative regulation of 
CDK4 expression in bladder cancer cells. Also, 
we evaluated the cell cycle distribution 48 h 
after transfection of miR-195 mimics or miR-
195 inhibitor, and the results indicated that 

miR-195 could induce G1-phase arrest (Figure 
4C, 4D). 

Finally, to explore the role of miR-195/CDK4 
signaling on cell invasion, we applied siRNAs or 
vector plasmid targeting to the human CDK4 
gene to downregulate or upregulate expression 
of CDK4 in 5637 and BIU-87 cells, and siRNA-3 
showed the best knockdown efficiency in both 
5637 and BIU-87 cells (Figure 5A), hence we 
chose siRNA-CDK4-3 for further study. Cell via-
bility and invasion were inhibited significantly 
when cells were transfected with siRNA-CDK4 
and miR-195 inhibitor together compared with 
cells treated with miR-195 inhibitor, either in 
5637 or BIU-87 cells (Figure 5C-E), demon-
strating that CDK4 serves as a oncogene, exert-
ing cancer promoting activity in bladder tumors, 
and miR-195 regulates cell cycle and suppress-

Figure 3. miR-195 regulates EMT in bladder cancer cells. A, B: The mRNA and protein expression levels of N-cad-
herin, Vimentin, Slug, Snail, Twist, and E-cadherin in 5637 cells after cells overexpressed miR-195. C, D: The mRNA 
and protein expression levels of N-cadherin, Vimentin, Slug, Snail, Twist, and E-cadherin in BIU-87 cells after cell 
overexpressed miR-195. (n=3, *P<0.05, **P<0.01, ***P<0.001).
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es cell invasion and growth via downregulating 
CDK4.

Discussion

Bladder cancer remains a major clinical chal-
lenge due to its poor prognosis and limited 
treatment options to prevent its recurrence. 
The oncogenesis of bladder cancer involves 
multiple oncogenes and suppressor genes 
changes. Recently, an increasing number of 
studies have demonstrated that aberrant 
expression of miRNAs is a common event in 
bladder cancer patients [24, 25]. Tölle A et al. 
summarized that miRNAs could be considered 
as ideal tumor biomarkers or therapeutic tar-
gets for malignant bladder tumor from 79 
papers [26]. Our study showed the role of a 
specific tumor-suppressor gene, miR-195, in 
bladder cancer.

In the present study, it was demonstrated that 
miR-195 was markedly downregulated in blad-
der cancer tissues and cell lines when com-
pared with that in the matched normal adjacent 
tissues and cells. Our results are consistent 
with previous studies [20, 23, 27]. The present 
findings suggest that miR-195 might act as a 
cancer suppressor gene in bladder cancer cell 
proliferation. At the time of the first diagnosis, 
approximately 70% to 80% of bladder canc- 
ers are non-muscle-invasive bladder cancers 
(NMIBCs) and the remaining 20% to 30% are 
muscle-invasive bladder cancers (MIBCs). But, 
almost 50% of patients with MIBC already have 
occurred distant metastases at the time of 
diagnosis [28]. Patients with NMIBC are at risk 
of recurrence or progression into MIBC, and 
thus the prognosis of bladder cancer is exceed-
ingly poor considering the high rate of metasta-

Figure 4. miR-195 regulates cell cycle via downregulating CDK4 expression. A: The mRNA level of CDK4 in 5637 
and BIU-87 cells with different treatments: si-miR-195, si-NC, vector-NC and vector-miR-195. B: Protein expression 
of CDK4 in 5637 and BIU-87 cells. C, D: Flow cytometry were used to assess the effect of miR-195 on cell cycle both 
in 5637 and BIU-87 cells. (n=3, #P<0.05, **P<0.01, ###,***P<0.001).
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Figure 5. miR-195 suppresses cell invasion via downregulation of CDK4 expression in bladder cancer cells. A: 
QPCR was used to detect the degree of knockdown or overexpression of CDK4. B: Luciferase activity of CDK4 was 
determined through luciferase assay. C, D: Cell variety influenced by miR-195/CDK4 signal molecular was tested by 
CCK-8. E: Cell invasion influenced by miR-195/CDK4 signal molecular was tested by Transwell assay. (n=3, *P<0.05, 
##P<0.01, ###,***P<0.001).
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sis [28]. Our study demonstrates that miR-195 
is able to inhibit bladder cancer cell cloning effi-
ciency, invasion, and migration, as well as regu-
late EMT. EMT is a multistep process in which 
epithelial cells lose their epithelial characteris-
tics and gain mesenchymal characteristics, 
such as motility and invasive properties [29]. 
EMT is controlled by a group of transcriptional 
repressors, namely, Zeb-1, Zeb-2, Twist, Snail, 
and Slug. Snail1, Snail2, Zeb-1, and Zeb-2 are 
zinc-finger transcription factors that bind di- 
rectly to the E-boxes of the promoter of the 
E-cadherin-encoding gene, thereby repressing 
E-cadherin expression [30]. In this study, we 
detected mRNA and protein expression of 
N-cadherin, Vimentin, Slug, Snail, Twist, and 
E-cadherin in 5637 cells after cells overex-
pressed miR-195, and the mRNA and protein 
expression levels of N-cadherin, Vimentin, Slug, 
Snail, and Twist in both 5637 and BIU-87 cells 
were decreased significantly after cells overex-
pressed miR-195. The mRNA and protein 
expression of E-cadherin also increased signifi-
cantly after cells were treated with miR-195 
mimics. All these data indicate that miR-195 
modulates EMT, making cells acquire more 
characteristics of epithelial cells with enhanced 
invasive capacity.

Serine-threonine kinase cyclin-dependent ki- 
nase 4 (CDK4), as a pivotal cell cycle regulator, 
triggers an important cascade of events in 
G1-phase via efficiently catalyzing Rb phos-
phorylation. A previous study reported that 
CKD4 is one of the downstream genes con-
trolled by miR-195 [23, 31], and has been con-
sidered as a desirable target for cancer thera-
pies [32-34]. We also determined the re- 
lationship of miR-195 and CDK4 in bladder can-
cer, qPCR and Western blotting and luciferase 
activity analyses showed that miR-195 could 
negatively regulate expression of CDK4. 
Therefore, we conclude that miR-195 might dis-
turb the cell cycle by inducing G1-phase arrest 
through downregulation of CDK4 expression in 
bladder cancer. Additionally, we detected a role 
for CDK4 in cell viability and invasion in bladder 
cancer. We applied siRNAs or vector plasmid 
targeting to human CDK4 gene to downregulate 
or upregulate the expression of CDK4 in 5637 
and BIU-87 cells. Results suggested that both 
cell viability and invasion were inhibited signifi-
cantly when cells were knocked down for CDK4 
and miR-195 together compared with cells 

treated with miR-195 inhibitor, either in 5637 
or BIU-87 cells. These data demonstrate that 
CDK4 serves as an oncogene, exerting cancer 
promoting activity in bladder tumors, and miR-
195 regulates cell cycle and suppresses cell 
invasion and growth via downregulating CDK4. 
These findings are inconsistent with a previous 
study by Lamb R et al. [35], which confirmed 
that cyclin D1 and CDK4/6 exerted alternate 
roles in regulation of migration and stem-like 
cell activity in breast cancer. Furthermore, 
Zhang, T et al. [36] reported that miR-124 
retarded bladder cancer growth by directly tar-
geting CDK4, suggesting that CDK4 could be 
implicated as an oncogene and play vital 
effects in oncogenesis.

In summary, our study confirms that miR-195 is 
frequently downregulated in bladder cancer. 
MiR-195 serves as a tumor suppressor in bl- 
adder cancer cells, and exerts crucial roles  
in inducing G1-phase arrest, promoting cell 
growth, migration, and invasion by target- 
ing CDK4. Our experimental data suggest an 
important role of miR-195 in bladder tumori-
genesis and provide a potential therapeutic 
strategy for bladder cancer.
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