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MicroRNA-564 acts as a tumor suppressor by directly 
targeting CDK16 in bladder carcinoma cell lines
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Abstract: Objective: MicroRNAs (miRNAs) are small non-coding RNAs contributes to the development and progres-
sion of many type cancers including retinoblastoma at the post-transcriptional level. However, the role of miR-564 
in bladder cancer remains to be elucidated. In the present study, we aimed to explore the regulatory mechanism 
of miR-564 in bladder cancer cell proliferation and migration. Methods: MTT was used to detect the cell viability. 
Transwell assay was used to detect the cell migration. Quantitative realtime PCR was used to evaluate the gene ex-
pression. Western blot was used to detect the protein expression. Flow cytometry was carried out to analyze the cell 
cycle. Luciferase activity assay was used to confirm whether miR-564 target CDK16. Results: MiR-564 was found 
down-regulated in the bladder cancer tissues and cell lines. Over-expression of miR-564 significantly inhibited the 
bladder cancer cell proliferation and migration and induced cell cycle arrest. Luciferase activity assay and rescue 
experiment confirmed that miR-564 directly targets CDK16 in bladder cancer cells. At last, we analyzed the relation 
between miR-564 and CDK16 in bladder cancer cell, the results showed a negative correlation between miR-564 
and CDK16. Conclusion: MiR-564 may act as a tumor suppressor that could serve as a key role in the diagnosis and 
treatment of bladder cancer.
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Introduction

Bladder carcinoma (BC) is the most common 
malignancy of the urinary tract with about 
386,300 new cases and 150,200 deaths 
annually [1, 2]. Despite significant advances in 
accurate and effective diagnostic and thera-
peutic methods, bladder cancer is still a highly 
prevalent and lethal malignancy [3]. It has been 
demonstrated that dysregulation of certain 
tumor related genes contributes to the prolifer-
ation, invasion and metastasis of bladder can-
cer largely. Accordingly, therapy point at gene-
targeted therapy has been recommended as a 
reasonable strategy for bladder cancer treat-
ment. However, the pathogenesis of bladder 
cancer is complicated, which is the result of the 
interaction of multiple factors include heredity, 
environment, and metabolism factors. More- 
over, the precise causes and pathogenesis of 
bladder cancer remain poorly understood, mak-
ing it urgent to understand the molecular mech-
anisms of the progression of bladder cancer. 

miRNAs are a class of small, non-coding RNAs 
that regulate approximately 30% of all genes 
and protein expression negatively at the post-
transcriptional level. Therefore, miRNAs are 
necessary for the regulation of numerous pro-
cesses, including cell growth, differentiation 
and apoptosis. Aberrant miRNA expression has 
been frequently observed in various types of 
human tumors [4-8]. Among these, miR-564 
has been demonstrated to be down-regulated 
in many malignancies [8, 9]. It has been indi-
cated that miR-564 functions as a tumor sup-
pressor in human lung cancer by targeting ZIC3. 
However, little is known about the influence of 
miR-564 on bladder cancer [10]. 

In the present study, we aimed to explore the 
expression alteration of miR-564 in human 
bladder cancer tissues and cell lines and the 
effect of miR-564. Moreover, we need to inves-
tiate the underlying mechanism involved in the 
initiation and development of human bladder 
cancer.

http://www.ijcem.com
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Materials and methods

Human tissue samples 

Tissue specimens and the paired noncancer-
ous bladder tissues used in this study were 
obtained from The NO. 2 Hospital of Tianjin 
Medical University (Tianjin, China) after surgical 
resection. All samples were immediately 
snapped frozen in liquid nitrogen and stored at 
-80°C for the following experiments. Informed 
consents were obtained from each patient to 
approve the use of their tissues for research 
purposes. The study protocol was approved by 
the Institute Research Ethics Committee of the 
NO.2 Hospital of Tianjin Medical University. 

Cell culture and transfection

Hcv29 cell (Human bladder epithelial cell ), Hbc 
(established by the Cancer Research Institute 
of Kunming Medical College, 1986), human 
bladder cancer cell lines (BIU-87 and T24) were 
cultured in RPMI-1640 (Invitrogen, CA, USA), 
UM-UC3 cell was cultured in MEM (Invitrogen, 
CA, USA) medium supplemented with 10% fetal 
bovine serum (Gibco, Australia), penicillin and 
streptomycin (100 IU/ml) at 37°C under a 5% 
CO2 atmosphere in a humidified incubator. The 
CDS sequence of CDK16 was synthesized by 
Genewiz (Beijing, China) and cloned into 
pcDNA3.1 (+) vector (Promeaga, WI, USA) at 
BamHI and HindIII site. Bladder cancer cells 
(T24 and Hbc) were cultured at 3×104 cells/well 
in 96-well plates or 5×105 cells/well in 6-well 
plates until reaching 80% confluence. Sub- 
sequently, cells were transiently transfected 
with miRNA-564 mimics (Sense: 5’ AGGCA- 
CGGUGUCAGCAGGCTT 3’, Antisense: 5’ TTUC- 
CGUGCCACAGUCGUCCG 3’), mirRNA-564 in- 
hibitors (5’ UCCGUGCCACAGUCGUCCG 3’) (ge- 
nepharma, shanghai, China) or pcDNA3.1 (+)/
CDK16 vector using Lipofectamine 2000 
(Invitrogen, CA, USA) according to the manufac-
turer’s instructions. To ensure actual transfec-
tion, qRT-PCR was carried out to detect trans-
fection efficiencies in every experiment 24 
hours later. 

Realtime-PCR analysis

Total RNA was extracted using Trizol reagent 
(Invitrogen, CA, USA) according to the instruc-
tions. cDNA was synthesized with specific 
stem-loop primers and the TaqMan MicroRNA 

Reverse Transcription Kit (Applied Biosystems, 
CA, USA). The levels of gene expression were 
quantified on an iQ5 real-time PCR detection 
system (Bio-Rad, MA, USA) with SYBR Premix 
EX Taq (TaKaRa, Shiga, Japan). The expression 
of miR-564 and CDK16 was defined based on 
the threshold cycle (Ct) normalized to that of 
the housekeeping gene GAPDH or small nucle-
ar RNA U6 as internal controls. The fold change 
of gene expression was calculated with the 
2-ΔΔCt method. PCR amplification was carried 
out using the following thermal conditions: 
95°C for 30 s followed by 38 cycles of 95°C for 
5 s and 60°C for 30 s. The PCR conditions for 
amplification of miR-564 were as follows: 95°C 
for 20 s, 38 cycles of 95°C for 10 s and 60°C 
for 20 s, with a final incubation at 70°C for 5 s. 
All the primers were synthesized by Genewiz 
(Beijing, China) and the sequence were as fol-
lowed: miR-564 forward: ACACTCCAGCTGGG- 
AGGCACGGTGTCA, miR-564 reverse: TGGTG- 
TCGTGGAGTCG; CDK16 forward: GCA CGA GGA 
CTT GAA GAT GG, CDK16 reverse: CGCATAC- 
GCACTCTCACTG; U6 forward: CTCGCTTCGGCA- 
GCACA, U6 reverse: AACGCTTCACGAATTTGC- 
GT; GAPDH forward: CGCTCTCTGCTCCTCCTG- 
TTC, GAPDH reverse: ATCCGTTGACTCCGACCT- 
TCAC. 

Cell viability assay

T24 and Hbc cells were plated at 3×104/well in 
96-well plates. 24 h later, cells were transfect-
ed with miR-564 mimics, miR-564 inhibitor and 
controls. WST-8 staining with Cell Counting 
Kit-8 (Beyotime, Haimen, China) was performed 
to detect the cell proliferation at 24, 48, 72 and 
96 hours after transfection.

Western blot assay

Protein was extracted from T24 and Hbc cells 
using (20 mM Tris pH 7.5, 150 mM NaCl, 1% 
Triton X-100, sodium pyrophosphate, β-gly- 
cerophosphate, EDTA, Na3VO4, leupeptin, 
Beyotime, Haimen, China). The protein lysate 
was separated on a 10% SDS-PAGE gel and 
then transferred to PVDF membranes (Bio-Rad, 
CA, USA). Nonspecific binding was blocked by 
incubating the PVDF membranes with 5% non-
fat milk containing 0.1% Tween-20 for 2 hours 
at room temperature. The membrane was incu-
bated Primary antibodies included CDK16 
(Abcam, cambridge, England), and GAPDH 
(Abcam, cambridge, England) in TBST at 4°C 
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overnight. After washing with TBST for three 
times, the PVDF membranes were incubated 
with horseradish peroxidase-conjugated sheep 
anti-mouse IgG for 2 h at 37°C. Finally, the pro-
teins were visualized using ECL detection kits 
(Millipore, MA, USA).

Luciferase assay

The oligonucleotide with wide type or mutant 
type 3’-UTR region of CDK16 (containing bind-
ing site with miR-564) were synthesized by 
Genewiz (Beijing, China). The pmiRGLO vectors 
(Promeaga, WI, USA) were constructed with 
wild type CDK16 sequences or mutant CDK16 
sequences. T24 and Hbc cells were seeded in 
12-well plates and subsequently co-transfect-
ed with miR-control/miR-214 mimics and 
WT-CDK16 3’-UTR vector/mut-CDK16 3’-UTR 
vector using Lipofectamine 2000 (Invitrogen, 
CA, USA) following the manufacture’s instruc-
tions. The activities of Renilla and firefly lucifer-
ases were measured using the Dual-Luciferase 
assay kit (Promega, WI, USA).

Colony formation assay

500 Cells 24 h after transfection were seeded 
into 6-well plates and cultured for 14 days. 
After there, cells were subsequently fixed with 
absolute methanol for 15 min and stained with 
crystal violet for 20 min. The number of colo-
nies formed was counted in 8 different fields of 

vision. Each experiment was performed inde-
pendently for three times.

Cell migration assay 

48 h after transfection, cells were trypsinized 
and seeded in 8 μm pore size transwell cham-
bers (Corning, Cambridge, USA) at the density 
of 8×104 per well and cultured in RPMI 1640 
medium with 2% FBS, while 600 μl of RPMI- 
1640 supplemented with 10% FBS was added 
to the lower chamber. 24 hours later, migrated 
cells were fixed with absolute methanol for 30 
min. Non-migrated cells were removed by cot-
ton swabs. Then cells on bottom surface of the 
membrane were stained by 0.1% crystal violet. 
Five visual fields of ×200 magnification of each 
insert were randomly selected, and the number 
of cells was counted under a light microscope.

Cell cycle analysis

24 h after transfection, cells (1×106) were har-
vested and fixed in 75% ice-cold ethanol. Fixed 
cells were treated with bovine pancreatic con-
taining 2 μg/ml RNase (Sigma, CA, USA) for 25 
min, and followed by incubating in 20 μg/ml 
propidium iodide (Sigma, CA, USA) for 20 min. 
Cell cycle analysis was performed on a FACS-
Calibur System (BD Biosciences, NJ, USA). The 
data were analyzed with the flowjo software 
and the cell cycle distribution was shown as the 
percentage of cells in the G0/G1, S, and G2/M 

Figure 1. The aberrent expression of miR-564 in bladder carcinoma and cell lines. A. Realtime-PCR was used to 
investigate the expression of miR-564 in bladder carcinomas and the paired adjacent normal tissues. B. Realtime-
PCR was used to investigate the expression of miR-564 in bladder cancer cell lines (T24 and Hbc) and in the normal 
Hcv29 cell. Bars represent the mean ± SD of three independent experiments. **P<0.01, *P<0.05.
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populations. Each experiment was carried out 
in triplicate.

Statistical analysis

All statistical analyses and graphing were per-
formed using SPSS version 17.0. The data were 
expressed as the mean ± standard deviation 
(SD) for three independent experiments. 
Student’s t-test was used to evaluate the sig-
nificant difference of two groups of data in all 
the pertinent experiments. Multiple variances 
were analyzed by two-way ANOVA. P value 
<0.05 was regarded as statistically significant.

Results

MiR-564 was down-regulated in bladder can-
cer tissues and cell lines

qPCR was used to evaluate the miR-564 
expression in bladder cancer tissues and the 
adjacent normal tissues along with the bladder 
cancer cell lines and Hcv9 cell. The results 
demonstrated that miR-564 expression was 
markedly lower in bladder cancer tissues and 
cell lines than that in adjacent normal tissues 
and Hcv29 cells (Figure 1A, 1B). 

miR-564 attenuated bladder cancer cells pro-
liferation and induced cell cycle progression

T24 and Hbc cells were transfected with miR-
564 mimics for 48 h. MTT assay was performed 
following the procedure described in methods 
every 24 hour and proliferation curve was 
depicted. The results revealed that miR-564 
resulted in significantly decreased cell viability 
at 96 h and 120 h in both T24 and Hbc cells 
(Figure 2A, 2B). Similar trends were also 
observed in colony formation rate. MiR-564 
over-expression led to a significantly lower col-
ony formation rate (Figure 2C) in T24 and Hbc 
cells. In addition, cell migration assay was per-
formed to further investigate the role of miR-
564 in bladder cancer cells. As expected, 
transfection of miR-564 mimics significantly 
reduced the migration cell number in both T24 

and Hbc cells (Figure 2D). The cell cycle analy-
sis of T24 and Hbc cells by flow cytometry 
showed a significant cut down in the percent-
age of cells in G1/G0 phase and an increase in 
the percentage of cells in S phase (Figure 2E). 
These results indicated that over-expression of 
miR-564 inhibited the proliferation, migration 
and cell cycle progression of bladder cancer 
cells in vitro.

Knock-down of miR-564 promoted the prolif-
erative capacity of bladder cancer cells

Loss-of-function study was performed using a 
miR-564 inhibitor to further confirm whether 
inhibition of miR-564 reduces bladder cancer 
cell proliferation. MTT and colony formation 
assays revealed that inhibition of miR-564 sig-
nificantly increased the proliferative capacity of 
T24 and 5637 cells compared with cells trans-
fected with NC (Figure 3A-C). The migration 
assay revealed that suppression of miR-564 
led to an elevated migration cell number (Figure 
3D). Flow cytometry showed a significant 
decrease in the percentage of cells in G1/G0 
phase and a rise in the percentage of cells in S 
phase in cells transfected with the miR-564 
inhibitor in comparison with NC transfected 
cells (Figure 3E). These results suggested that 
down-regulation of miR-564 facilitated the pro-
liferation and cell cycle progression of bladder 
cancer cells.

MiR-564 directly targeted CDK16

MiRNAs execute post-transcriptional regulation 
mostly by binding to the 3’-UTR of the down-
stream genes. Accordingly, we used bioinfor-
matics prediction software Targetscan to find 
out the target which is involved in the regula-
tion of cell growth capability, (http://http://
www.targetscan.org/). Among these thous- 
ands of candidates, we focused on CDK16. 
Luciferase reporter assays was performed to 
verify an interaction between miR-564 and the 
3’UTR of CDK16. The 3’UTR of CDK16 was 
cloned into down-stream of the pmirGLO Dual-
Luciferase miRNA target expression vector. In 

Figure 2. MiR-564 attenuated bladder cancer cell growth and induced cell cycle arrest. A, B. MTT assay was per-
formed every 24 h until 96 h after transfection and proliferation curves of T24 and Hbc cells were depicted respec-
tively. C. Representative micrographs (left) and quantifications (right) of crystal violet stained colonies formed by the 
indicated cells. D. Cell migration of the indicated cells in a transwell cell migration assay, shown by quantification 
and representative images. E. PI staining and flow cytometry were used to analysis the cell cycle distribution of T24 
and Hbc cells. Bars represent the mean ± SD of three independent experiments. **P<0.01, *P<0.05.



MiRNA-564 suppresses bladder carcinoma by directly targeting CDK16

1211	 Int J Clin Exp Med 2019;12(1):1206-1216



MiRNA-564 suppresses bladder carcinoma by directly targeting CDK16

1212	 Int J Clin Exp Med 2019;12(1):1206-1216

addition, a mutated CDK16 3’-UTR vector was 
also constructed (Figure 4A). Co-transfection 
of the wt-3’-UTR-reporter and miR-564 showed 
significantly decreased relative luciferase activ-
ity compared with cells transfected with miR-
564 control. However, the luciferase activity of 
the reporter carrying 3’-UTR with mutated bind-
ing sites was unaffected by the co-transfection 
with miR-564 (Figure 4B). These results strong-
ly indicated that the CDK16 was the direct tar-
get of miR-564.

Over-expression of CDK16 reversed the effect 
of miR-564 on cell proliferation

Rescue experiment was carried out to further 
confirm the crucial effect of CDK16 during miR-
564 inhibited bladder cancer proliferation. An 
over-expression vector pcDNA3.1 (+)/CDK16 
was constructed to enhance the endogenous 
CDK16 expression. The results of cell MTT and 
the colony formation assay both indicated that 
the proliferation suppressing effect of miR-564 

Figure 3. Inhibition of miR-564 promoted bladder cancer cell growth and cell cycle progression. A, B. MTT assay 
was performed every 24 h until 96 h after transfection and proliferation curves of T24 and Hbc cells were depicted 
respectively. C. Representative micrographs (left) and quantifications (right) of crystal violet stained colonies formed 
by the indicated cells. D. Cell migration of indicated cells in a transwell cell migration assay, shown by quantification 
and representative images. E. PI staining and flow cytometry were used to analysis the cell cycle distribution of T24 
and Hbc cells. Bars represent the mean ± SD of three independent experiments. **P<0.01, *P<0.05.

Figure 4. MiR-564 target the 3’UTR of CDK16 mRNA directly. A. Bioinformatics analyses of the binding of miR-564 
to the 3’-UTR of CDK16 mRNA. B. Luciferase report assay was carried out to determine whether CDK16 was a tar-
get of miR-564. C, D. Western blot analysis was used to determine the protein level of CDK16 in T24 and Hbc cells 
transfected with miR-564 mimic or miR-195 inhibitor, respectively. GAPDH was used as an endogenous reference. 
Bars represent the mean ± SD of three independent experiments. **P<0.01, *P<0.05.



MiRNA-564 suppresses bladder carcinoma by directly targeting CDK16

1213	 Int J Clin Exp Med 2019;12(1):1206-1216

Figure 5. Rescue experiment was applied to confirm CDK16 as a target of MiR-564. A, B. MTT assay was performed every 24 h until 96 h after co-transfection 
with miR-564 mimics and CDK16 overexpression vector or with miR-564 and control vector and proliferation curves were depicted respectively. C. Representative 
micrographs (left) and quantifications (right) of crystal violet stained colonies formed by the T24 and Hbc cells co-transfected with miR-564 mimics and CDK16 over-
expression vector or with miR-564 and control vector. D. Cell migration of T24 and Hbc cells under indicated treatments in a transwell cell migration assay, shown 
by quantification and representative images. E. PI staining and flow cytometry were used to analysis the cell cycle distribution of T24 and Hbc cells under indicated 
treatments. Bars represent the mean ± SD of three independent experiments. **P<0.01, *P<0.05.
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was reversed by CDK16 in both cells (Figure 
5A-C). Migration assay indicated that CDK16 
notably reversed miR-564’s effect on the mi- 
gration capability in T24 and Hbc cells (Figure 
5D). Furthermore, cell cycle analysis demon-
strated that CDK16 increased the cell propor-
tion in S phase and reversed the effect of miR-
564 on cell cycle progression (Figure 5E). 
These results suggested that over-expression 
of CDK16 could reverse the effect of miR-564 
on bladder cancer cells proliferation and cycle 
progression.

CDK16 was up-regulated in bladder carcinoma 
and cell lines

qPCR was used to evaluate the expression of 
CDK16 in bladder cancer tissues and the adja-
cent normal tissues along with the bladder can-
cer cell lines and Hcv9 cell. We found that 
CDK16 expression was notably elevated in 
bladder cancer tissues and cell lines in com-
parison with the adjacent normal tissues and 
Hcv29 cell (Figure 6A, 6B). To verify the rela-
tionship between CDK16 and miR-564, correla-
tion analysis was carried out. As expected, 
CDK16 was negatively associated with miR-
564 expression (Figure 6C).

Discussion 

miRNAs play a key role in various tumor, data 
are emerging which elucidate the functions of 
miRNAs in bladder cancer [11-15]. 

In the current study, we found that miR-564 
was significantly down-regulated in both blad-
der cancer tissues and cell lines indicating its 

potential function in pathogenesis of bladder 
cancer. As expected, in vitro functional studies 
revealed that miR-564 could inhibit cell viabili-
ty, migration and colony formation rate, mean-
while induce G1 cell cycle arrest in bladder  
cancer cells. miRNAs function as post-tran-
scriptional regulator by partially pairing with the 
3’-UTR of target mRNAs, leading to mRNA deg-
radation or translational repression. Previous 
report demonstrated miR-564 suppress lung 
cancer development by targeting ZIC3. In our 
work, integrated bioinformatics analysis (tar-
getScan, picTar,) recognizes CDK16 as a miR-
564 target gene. 

CMGC protein kinase family includes cyclin-
dependent kinases (CDKs), mitogen-activated 
protein kinases (MAPKs), glycogen synthase 
kinase, and CDK-like kinases [16-18]. CDK16 
belongs to the CDK2 subfamily and is one of 
three members of the PCTAIRE family that con-
tain a highly-conserved PSTAIRE motif which 
plays a key role in cyclin binding indicating that 
CDK16 may take part in cell cycle regulation 
and play a critical role during G1 to S phase 
transition [19-22]. A recent study reported that 
the CDK-16 mRNA and protein expression of 
was found significantly higher in serous epithe-
lial ovarian cancer cells compared to normal 
control ovarian cells [23]. These findings  
CDK16 might be a part of cellular protein net-
works regulating cell cycle in cancer cells. 
Nevertheless, despite this well-conserved cy- 
clin-binding motif CDK-16 has not been conclu-
sively shown to be involved in cell cycle regula-
tion. And CDK16 was only confirmed to be the 
direct target of miR-464. However, CDK16 was 

Figure 6. The aberrent expression of CDK16 in bladder carcinoma and cell lines. A, B. Realtime-PCR was used to 
investigate the expression of CDK16 in bladder carcinomas and the paired adjacent normal tissues as well as in 
bladder cell lines (T24 and Hbc) and in the normal Hcv29 cell. C. The correlation analysis was performed to evaluate 
the correlation between miR-564 and CDK16. Bars represent the mean ± SD of three independent experiments. 
**P<0.01, *P<0.05.
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down-regulated in nasopharyngeal carcinoma 
[24].

In our study, Dual-luciferase reporter assay 
showed that CDK16 had a miR-564 binding site 
in its 3’UTR. Moreover, CDK16 was inversely 
related to miR-564 expression in bladder can-
cer specimens. Over-expression of miR-564 
attenuated CDK16 expression in both mRNA 
and protein levels, suggesting that miR-564 
reduce CDK16 expression by degrading its 
mRNA. CDK16 knockdown recapitulated the 
effects of miR-564 over-expression, further 
illustrating that miR-564 directly targets 
CDK16. Whether the other members interact 
with miR-564 to play prominent roles in bladder 
cancer still need to be further verified in our 
future study. 

Overall, miR-564 is a tumor suppressor in  
bladder cancer. miR-564-CDK16 axis is an 
important pathway modulating cell cycle, cell 
viability and proliferation of bladder cancer 
cells. However, the effects of miR-564 on the 
apoptosis or epithelial-mesenchymal transition 
(EMT) of bladder cancer cells have not been 
investigate. Further study is required to explore 
other deeper mechanisms of miR-564 in blad-
der cancer.
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