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Abstract: Background: MicroRNAs are a class of endogenous single strand non-coding RNAs that are involved in
many important physiological and pathological processes. The purpose of this study was to investigate the ex-
pression levels of miR-29¢ in human bladder cancer and its potential role in disease pathogenesis. Methods: The
expression level of miR-29¢ was measured in 40 bladder cancer specimens and adjacent normal breast tissues
by quantitative polymerase chain reaction (qPCR). Over-expression of miR-29¢ was established by transfecting mim-
ics into T24.MTT assays, colony formation assays, transwell assays and cell cycle assays were used to explore the
potential function of miR-29¢ inT24 bladder cancer cells. Luciferase reporter assays were performed to analyze
the regulation of putative target of miR-29c¢. The effects of modulating miR-29¢ on endogenous levels of this target
were subsequently confirmed via qRT-PCR and Western blot. Results: The expression of miR-29c¢ in bladder cancer
specimens was lower than adjacent normal tissues (P<0.01). Overexpression of miR-29c¢ inhibited cellular growth,
suppressed cellular migration and caused an accumulation of cells in the G1 phase of the cell cycle, Dual-luciferase
reporter assays showed that miR-29¢ binds the 3’-untranslated region (3’-UTR) of CDK6, suggesting that CDK6 is
a direct target of miR-29c¢. Furthermore, through gPCR and Western blot assays confirmed that overexpression of
miR-29¢ reduced CDK6 mRNA and protein levels. Conclusions: miR-29¢ could inhibit the proliferation, migration
and invasion of bladder cancer cells via regulating CDK®6. in the future, it could be used as a therapeutic target for
the treatment of bladder cancer.
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Introduction gene therapy has been documented as a rea-

sonable strategy for bladder cancer treatment
Bladder cancer is one of the most common [6].

worldwide malignancies. In developed coun-

tries, bladder cancer (BC) is the fifth most com- MicroRNAs (miRNAs) are a small class of non-

monly diagnosed tumor and the second most
common cause of death among genitourinary
tumors [1], Bladder cancer is the fourth most
common cancer in males and ninth most com-
mon in females; it is the ninth most common
malignancy overall [2, 3]. In middle-aged and
elderly men, bladder cancer is the second most
prevalent malignancy after prostate cancer [4],
So it is urgent to understand the molecular and
cellular mechanisms of metastasis for investi-
gating the development of bladder cancer.
Downregulation of certain tumor suppressor
genes was confirmed to largely contribute to
initiation, proliferation, invasion and metasta-
sis of bladder cancer [5]. Therefore, targeted

coding RNAs which regulate gene expression
and may play pivotal roles in the physiological
and pathological processes in a variety of
eukaryotic organisms [7]. Mature miRNAs nega-
tively regulate their target genes through imper-
fect complementary sequence pairing to the
3’-untranslated region (UTR) of target genes,
resulting to either mRNA degradation or trans-
lational repression [8]. Moreover, aberrant
miRNA expression has been frequently
observed in various types of human tumors.
These reports suggest that miRNAs may func-
tion as either tumor-suppressor genes or onco-
genes [9]. Recent studies indicate that miR-29¢
is downregulated in rhabdomyosarcoma, chol-
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Figure 1. miR-29c levels are significantly decreased
in bladder cancer specimens. miRNA was extracted
from bladder cancer and adjacent normal tissues.
The expression of miR-29¢ was analyzed by qRT-
PCR. The graph represents the 222% values + SEM;
*P<0.01. SEM, standard error of the mean.

angiocarcinoma, acute myelogenous leukemia
(AML), lung cancer, and nasopharyngeal carci-
noma [10, 11]. However, the mechanism by
which miR-29c¢ contributes to bladder cancer
tumorigenesis is still unclear.

CDK6 is a member of a family of serine-threo-
nine kinases and CDK®6 is a key regulator during
the G1/S cell cycle transition. Aberrant expres-
sion of CDK6 protein has been observed in
many cancer types [12]. Aberrant CDK6 expres-
sion has been reported in pancreatic cancer
[13], T-cell lymphoma [14], malignant glioma
[15] and medulloblastoma [16], suggesting the
involvement of CDK6 in cancer. Furthermore,
significant evidence indicates that overexpres-
sion of CDK®6 in patients with bladder cancer is
associated with a worse prognosis [17]. Thus,
CDK6 has attracted increasing research inter-
est and understanding the roles of miR-29c¢ in
bladder cancer and identifying relevant mRNA
targets that mediate its tumor suppressor or
oncogenic activities are essential in developing
miR-29c¢ as a therapeutic target.

In this study, we report that miR-29¢ expression
is significantly decreased in human bladder
cancer, and its overexpression inhibits the pro-
liferation of T24 cells by targeting CDK6. These
results indicate that miR-29c functions as a
tumor suppressor, whose deregulation may be
involved in the initiation and development of
human bladder cancer.

Materials and methods

Cell culture and tissue samples

Human T24 bladder cancer cells and human
embryonic kidney 293T cells were obtained
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Figure 2. miR-29c inhibits cell proliferation. The pro-
liferation of T24 cells transfected with miR-29¢ (50
and 100 nM) was measured at the indicated time-
points at 490 nm with a microplate spectrophotom-
eter and compared with that of the mock and NC
groups. The graph represents OD 490 + SEM nm;
*P<0.05. NC, negative control; SEM, standard error
of the mean.

from the Chinese Science Institute. Cells were
culture in DMEM medium supplemented with
10% fetal bovine serum. Bladder tumor tissues
and adjacent nontumor bladder tissues were
collected from the Department of Urology,
Tongji Hospital of Tongji University, Shanghai,
China. The samples were immediately snap-
frozen in liquid nitrogen. All samples were con-
firmed as bladder cancer by trained patholo-
gists. No patients received chemotherapy or
radiotherapy prior to surgery.

Analysis of miRNA expression using TagMan
RT-PCR

Total RNA from tissue samples and cell lines
was harvested using the miRNA Isolation Kit
(Ambion, USA). Expression of mature miRNAs
was assayed using Tagman MicroRNA Assay
(Applied Biosystems) specific for hsa-miR-29c.
Briefly, 5 ng of total RNA were reverse tran-
scribed to cDNA with specific stem-loop RT
primers. Quantitative real-time PCR was per-
formed by using an Applied Biosystems 7300
Real-time PCR System and a TagMan Universal
PCR Master Mix. All the primers were obtained
from the TagMan miRNA Assays. Small nuclear
U6 snRNA (Applied Biosystems) was used as an
internal control.

Western blotting

Three groups of monolayer cells were washed
with ice-cold PBS for 2 times, added RIPA lysis
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Figure 3. Colony formation assay. (A-C) Representative images of crystal violet stained colonies in T24 cells. (A) The
miR-29c¢ group exhibited fewer colonies than the (B) mock or (C) NC group (D) Quantification of the clone numbers,

*p<0.05. NC, negative control.

buffer [1% Triton X-100, 50 mmol/L (Tris pH7.4),
150 mmol/L NaCl, 20 mmol/L iodoacetamide,
1 mmol/L PMSF, 1% aprotinin], lysed on ice for
30 min, scrapped off, transferred into EP tube
and centrifuged at 4°C, 12000 xg for 30 min.
The supernatants were collected and protein
concentration was determined using BCA pro-
tein quantitation kit. Each sample with 60 ug
protein was added 1X SDS sample buffer [100
mmol/L Tri-HCI (pH6.8), 4% SDS, 0.2% bromo-
phenol blue, 20% glycerol, 200 mmol/L
B-mercaptoethanol], and denatured at 95°C for
5 min. Proteins were separated by 10% SDS-
PAGE electrophoresis and transferred to 0.45
pm NC membrane. Membrane was blocked
with 5% skim milk for 1 h, and incubated with
1:1000 diluted CDK6 monoclonal antibodies at
4°C overnight. The membrane was then incu-
bated with 1:1000 diluted B-actin antibody at
room temperature for 1 h, washed with PBST
three times, and detected with Odyssey
system.
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Cell proliferation assay (MTT assay)

Cells (2 x 103) were plated in 96-well plates
(BD Biosciences, USA) and incubated at 37°C
until the cells reached 30-40% confluence, fol-
lowed by transfection with 50 nM or 100 nM
miR-29¢ or NC mimics. Cell proliferation was
assessed at 24, 48, 72, 96 h as follows: 20 pl
(5 mg/ml) MTT solution (Sigma, USA) was
added in each well, and after 4 h of incubation
at 37°C, the supernatant was discarded and
150 pl of dimethyl sulfoxide (DMSO) were
added. After 10 min of low speed shaking (100
rom) and incubation, the OD at 490 nm was
read by a microplate spectrophotometer. Each
sample was tested with six replicates. All exper-
iments were performed in biological triplicate.

Colony formation assay

Three hundred cells of each group (miR-29c,
mock and NC) were plated in a 6-well plate in
complete medium. After incubation at 37°C

Am J Transl Res 2015;7(8):1382-1389
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Figure 4. miR-29c¢ inhibited migration of T24 bladder cancer cells. Cell migration ability was analyzed by transwell
chamber assay 20 h after miR-29¢, mock or NC transfection. A-C: Representative images of crystal violet stained
T24 migratory cells transfected with miR-29c, mock or NC. D: Quantification of the number of crystal violet-stained
cells. Data represent means + SEM; *P<0.05. NC, negative control; SEM, standard error of the mean.

with 5% CO,, for 7-10 days, or when the colonies
were visible by viewing with the eye, the culture
was terminated. Complete medium was
removed, and the plates were washed twice in
phosphate-buffered saline (PBS). The colonies
were fixed in 95% ethanol for 10 min, dried and
stained with 0.1% crystal violet solution for 10
min. Next, each plate was washed three times
with water, and the number of colonies was
counted only if the well contained >50 cells.
The experiment was performed three times.

Transwell experiment

In accordance with Transwell chamber instruc-
tions, DMEM/high glucose medium containing
10% FBS was added to the lower chamber
while T24 cell suspension transfected with miR-
29c¢, mock and NC for 48 h was added to the
upper chamber. After incubation at 37°C, 5%
CO, for 12-18 h, the lower chamber was
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observed using inverted microscope. Incubation
was terminated when cells passed into lower
chamber. Inside of the upper chamber was
cleaned with a cotton swab. Lower chamber
was immersed and washed with PBS, fixed with
4% paraformaldehyde, stained with 0.1% crys-
tal violet, washed for three times with running
water, and then photographed. Membrane-
binding crystal violet was dissolved with 300 pl
33% glacial acetic acid, and then absorbance
at 573 nm was measured using microplate
reader.

Cell cycle assay

miR-29c¢ (100 nM), mock and NC cells were har-
vested at 48 h after transfection, centrifuged at
1,200 rpm for 10 min and washed three times
with cold PBS. Ice-cold 70% ethanol was subse-
quently added dropwise, and the cells were
fixed at 4°C overnight. After a 30-min digestion

Am J Transl Res 2015;7(8):1382-1389
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Figure 5. miR-29c disrupts the cell cycle of T24 cells.
Cell cycle distribution was analyzed by flow cytometry
48 h after transfection of T24 bladder cancer cells
with miR-29¢ mimics, NC or mock. The respective
proportions of G1, S and G2 phase cells are shown,
*P<0.05. NC, negative control.

in RNase (0.1 g/I), a total of 250 pl (0.05 g/I)
propidium iodide (Pl) staining solution was
added to each sample which was then incubat-
ed for 30 min at room temperature (RT) in the
dark. The cell cycle was then analyzed by a flow
cytometer (FACSCanto™ Il; BD Biosciences).

Dual-luciferase reporter assay

293T cells were seeded in 12-well plates (BD,
USA) and cultured until the cells reached
80-90% confluence. The CDK6 3-UTR was
cloned into the psiCHECK-2 vector, which con-
tains the RL gene, and co-transfected into cells
together with miR-29¢ or NC mimics (100 nM)
using lipofectamine, according to the manufac-
turer’s instructions. Thirty hours after transfec-
tion, luciferase activity was measured using the
Dual-Luciferase Reporter assay kit (Promega,
USA). Briefly, the cells were washed twice with
PBS, lysed with passive lysis buffer and incu-
bated at room temperature for 15 min. The
supernatants were collected and 20 ul were
added into 96-well plates. The FL reporter was
measured immediately after adding luciferase
assay reagent Il (LAR Il). After quantifying the
firefly luminescence, 100 uyl Stop & Glo®
Reagent was added to each well to initiate the
RL reporter and Renilla luminescence was then
measured. The data were analyzed by normal-
izing RL with FL, and the ratio of FL/RL was cal-
culated to indicate the activity of the reporter.

Statistical methods

Experimental data was showed as mean + SD.
Two groups were compared using t-test com-
parison and multi-groups were compared using
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variance analysis by SPSS17.0 statistical soft-
ware. P<0.05 indicates significant difference.

Results

Lower expression of miR-29c in bladder can-
cer specimens

Firstly, to examine whether the miR-29c¢ is dif-
ferentially expressed in cancers, we analyzed
levels of miR-29c¢ in 40 paired invasive bladder
cancer pecimens and pair-matched adjacent
noncancerous bladder tissues by qRT-PCR. Our
results demonstrated that the expression of
miR-29¢ was lower in bladder cancer speci-
mens (1.21 + 0.035) than adjacent noncancer-
ous bladder tissues (10.58 + 0.63) (P<0.01)
(Figure 1).

Suppression of bladder cancer proliferation by
miR-29¢

To explore the effect of miR-29¢ on bladder
cancer cell proliferation, miR-29¢ mimics were
transfected into the human bladder cancer cell
line, T24 and proliferation was assessed by
MTT assay. As shown in Figure 2, Compared
with the mock and the NC group, miR-29c¢ sig-
nificantly repressed the growth of bladder can-
cer cells cellular proliferation gradually declined
following transfection with miR-29c, in a time-
and dose-dependent manner. Thus, 100 nM
was used in the following experiments. As
shown in Figure 3, Proliferation was also
assessed by colony formation assay. The 100
nM miR-29c group exhibited fewer colonies
than the mock and NC groups as determined by
the colony formation assay. Thus, these data
suggest that miR-29c¢ significantly suppresses
the proliferation of T24 breast cancer cells.

MIiR-29c inhibits migration of T24 cells

The transwell migration assay is a useful meth-
od to investigate migratory ability Our results
showed that 20 h after transfection, the num-
ber of migrating cells in the miR-29¢ group was
significantly less than that in either the mock or
NC groups (P<0.05). These data suggest that
the migratory ability of T24 cells may be inhib-
ited by miR-29c¢ (Figure 4).

MiR-29c disrupts the cell cycle of T24 cells

The cell cycle distribution of the T24 cells with
and without transfection of miR-29¢ mimics

Am J Transl Res 2015;7(8):1382-1389
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Figure 6. CDKG6 is a direct target of miR-29c. A: The binding sites for miR-29¢
in the 3’-UTR of CDK6 mRNA. B: The relative luciferase activity (FL/RL) was
measured in 293T cells after co-transfection of the CDK6 luciferase construct
with either miR-29c¢ or NC; *P<0.05. CDK®6, Cyclin-dependent kinase 6; 3’-UTR,

3’-untranslated region; NC, negative control.
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Figure 7. miR-29c¢ inhibits CDK6 expression in T24 cells. (A) gRT-PCR and (B)
western blot analysis of CDK6 mRNA and protein levels, respectively. in T24
cells transfected with miR-29¢, mock or NC, B-actin was used as a control for

loading for western blot analysis.

was analyzed by flow cytometry. As shown in
Figure 5, all these findings demonstrate that
miR-29c¢ inhibits the proliferation of T24 blad-
der cancer cells. Flow cytometer analysis
revealed that the percentage of G1 phase T24
cells (59.78 + 1.58%) dramatically increased in
the 100 nmol/L miR-29¢ mimics-transfected
group, which was higher than those in Mock
(48.45 + 0.78%) and NC groups (48.51 + 0.74%,
P<0.05), while the proportion of G2 and S
phase cells decreased in the miR-29¢c group
compared with those of the mock and NC
groups (P<0.05). These results indicate that
the overexpression of miR-29¢ prevents cells
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NC

from entering the S phase
through initiation of G1 ph-
ase arrest in T24 cells.

MiR-29c targets CDK6 and
regulates its expression in
T24 cells

To identify possible miR-29¢
target genes, we performed
a computational screen for
genes with complementary
sites of miR-29c¢ in their 3’
UTR using open-access soft-
ware. The software included
TargetScan, Sanger microR-
NA target, and Miranda. We
focused our attention on
CDK®6, To examine the possi-
bility that miR-29¢c targets
CDK®6, we used dual-lucifer-
ase reporter assays, in which
the reporter activity is evalu-
ated by normalizing the
Renilla luciferase (RL) activi-
ty with firefly luciferase (FL)
activity the FL/RL ratio indi-
cates the relative activity lev-
els; next we constructed a
psiCHECK-2/CDK6 3’-UTRve-
ctor, which contained the Re-
nilla luciferase (RL) gene and
the 3-UTR region of CDK®6.
This construct was transfect-
ed into 293T cells together
with either miR-29¢ or NC
mimics, and the luciferase
activity was analyzed. The
ratio of FL/RL was calculat-
ed, and showed that the
miR-29¢ group had a ~2-fold higher activity
than that of the NC group (P<0.05) (Figure 6B).
These results show that miR-29¢ could directly
interact with the CDK6 3-UTR in the psi-
CHECK-2 reporter plasmid, leading to the deg-
radation of RL mRNA. Finally, we performed
gPCR and western blot analysis of CDK6
expression in T24 cells with and without trans-
fection of miR-29¢c mimics, or controls. We
demonstrated that overexpression of miR-29¢
significantly decreased CDK6 expression at
both the mRNA and protein levels (Figure 7).
These data further indicate that CDKG6 is a tar-
get of miR-29c.

NC
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Discussion

The study on the roles of miRNA in the develop-
ment of tumors has become a subject of in-
tense investigation. It is estimated that approxi-
mately 30% of human genes are miRNA targets
[18]. Furthermore, an increasing number of evi-
dences indicate that miRNAs are differentially
expressed between normal and malignant
tumor tissues, miRNA deregulation is a critical
cause of cancer formation. In this study, we
examined the expression levels of miR-29c¢ in
bladder cancer specimens and adjacent nor-
mal tissues. Compared to the normal bladder
tissues, miR-29¢c expression was significantly
down-regulated in the bladder cancer speci-
mens. Members of this family have been shown
to be silenced or down-regulated in many differ-
ent types of cancer, such as acute myeloid leu-
kemia [19], chronic lymphocytic leukemia [20],
and some solid tumors [21, 22], Thus, we
hypothesized that miR-29¢ may function as a
tumor suppressor.

MiR-29c¢ has been reported as a critical regula-
tor in carcinogenesis and tumor progression by
acting as tumor suppressor gene in various
cancers [23, 24]. in our study, we transfected
miR-29¢ mimics into T24 cells to induce it over-
expression. Exogenous overexpression of miR-
29c significantly inhibited the cell growth and
colony formation ability of T24 cells as indicat-
ed by MTT and colony formation assays. Using
the transwell migration assay, we found that
the overexpression of miR-29c¢ in bladder can-
cer cells could suppress their migratory ability.
Furthermore, by flow cytometry we found that
miR-29c¢ distinctly arrests cancer cells at the
G1 phase when compared with the cell cycle of
Mock groups and NC groups.

To understand the mechanisms by which miR-
29c¢ suppresses tumor cell proliferation in blad-
der cancer, we searched for potential targets of
miR-29c using several online databases, includ-
ing targetscan, miRanda, and miRGen, and all
three databases indicated that the CDK6 mRNA
contained miR-29c¢ binding sites. The interac-
tion between miR-29¢ and CDK6 mRNA has not
been previously reported. To confirm whether
CDK®6 was a real target of miR-29c, we integrat-
ed a fragment of the CDK6 3’-UTR containing
the target sequence into a luciferase reporter
vector. Through luciferase assays, we con-
firmed that CDK6 was a direct target of miR-
29c¢, Additionally, we found that the mRNA and
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protein levels of CDK6 were significantly
reduced in miR-29¢ overexpressing cells when
compared with those transfected with either
mock or NC, thus further indicating that CDK6
is a direct target of miR-29c.

Conclusion

In summary, our study demonstrated that miR-
29c is downregulated in bladder cancer speci-
mens compared with normal tissue Overe-
xpression of miR-29c¢ inhibited the proliferation
and colony formation ability, suppressed migra-
tion and caused G1 phase arrest by targeting
CDK6 in T24 bladder cancer cells. These data
indicate that miR-29¢c may serve as a tumor
suppressor gene involved in bladder cancer
pathogenesis. Therefore, miR-29¢c may be a
potential diagnostic and therapeutic target for
bladder cancer.
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