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microRNA-18a, a member of the oncogenic
miR-17-92 cluster, targets Dicer and suppresses
cell proliferation in bladder cancer T24 cells
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Abstract. The miR-17-92 cluster has long been recognized as
an oncogenic microRNA (miRNA) cluster and is amplified in
multiple cancers. However, the individual roles of its members
in carcinogenesis are largely undetermined. After transfection
of miR-18a mimics, an antisense oligonucleotides inhibitor,
siRNAs and a luciferase reporter plasmid, the MTT assay,
colony formation assay, semi-quantitative RT-PCR, luciferase
assay and Western blot analysis were conducted in bladder
cancer cells. In the present study, we showed that miR-18a, a
member of the miR-17-92 cluster, suppressed cell proliferation
in bladder cancer T24 cells. Furthermore, ectopic expression
of miR-18a in T24 cells down-regulated Dicer expression at
both the mRNA and protein level, while inhibition miR-18a by
antisense oligonucleotides could enhance Dicer expression in
T24 cells. Two binding sites of miR-18a were found in Dicer
3" untranslated region (3' UTR). Luciferase reporter assay
demonstrated that both sites could mediate expression suppres-
sion in vitro. In addition, knockdown of Dicer expression by
siRNA mimicked cell growth suppression induced by miR-18a
in T24 cells. These results show that miR-18a functions as
a tumor suppressor by targeting Dicer in bladder cancer
T24 cells and revealed a noteworthy feedback loop, which may
be utilized by the miR-17-92 cluster to control miRNA output
and prevent its overexpression.

Introduction

microRNAs (miRNAs) are short non-coding RNAs repressing
gene expression mainly through post-transcriptional regu-
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lation by loosely binding to the mRNA 3' untranslated
region (3' UTR). miRNAs are transcribed by RNA poly-
merase II into long primer transcripts and then sequentially
spliced into mature miRNA by Drosha and Dicer endo-
nucleases. The spectrum of miRNA targets almost covers the
entire sets of genes, by which miRNAs finely regulate many
cellular processes (1). Loss of miRNA biogenesis, as shown in
Dicer knockout, is lethal, owing to severe defects in stem cell
proliferation and differentiation (2,3). It is also not surprising
that miRNA may be an oncogene or a tumor suppressor gene.
However, this simplified dichotomic model is in a dilemma
because of the complicated and paradoxical interaction of
microRNA's with their targets.

The miR-17-92 cluster is thought to play an oncogenic role
in various cancer types including lung cancer (4), anaplastic
thyroid cancer (5), colorectal cancer (6) as well as renal cell
carcinoma (7). This cluster is located on chromosome 13q31.3,
a region frequently amplified in lymphomas (8). The poly-
cistronic miRNA cluster includes six consecutive mature
miRNAs, miR-17, miR-18a, miR-19a, miR-20a, miR-19b,
and miR-92a in a single primary transcript. The members
contained in this cluster are frequently overexpressed in
solid cancers. The sequences of these mature miRNAs are
highly conserved in all vertebrates, and part of their targets
is overlapped. However, each of them shows a distinct func-
tion spectrum. According to their ‘seed region’ similarity,
these miRNAs can be classified into four categories, including
miR-17/miR-20, miR-19a/miR-19b, miR-92a and miR-18a (9).

He et al showed that the miR-17-92 cluster had a direct
oncogenic role by inhibiting cell apoptosis concurrent with
c-myc induced lymphomas (10). Further studies demonstrated
that this cluster itself was the transcriptional downstream
gene of c-myc and E2Fs (11). These results gave rise to the
notion that the miR-17-92 cluster may be indispensable in
tumorigenesis induced by c-myc. This feedback loop was
further verified by several other studies, most of which take
this cluster as a whole. However, it is interesting to decipher
the individual contribution of the different members to malig-
nant transformation. Olive et al have shown that miR-19 may
be a key oncogenic component of this cluster, most probably
by targeting the tumor suppressor gene PTEN, while miR-18a
only plays an accessory role (12).
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Table I. Primers used in this study.

TAO et al: miR-18a AS A TUMOR SUPPRESSOR IN BLADDER CANCER CELLS

Name Sequence Description
DICER
Forward 5-GATGGTGGTCCACGAGTCACA Semi-quantitative RT-PCR detection
Reverse 5'-CATCAGGCAACTCTCGGGTTC of human DICER mRNA
GAPDH
Forward 5'-GAAATCCCATCACCATCTTCCAGG Control for semi-quantitative RT-PCR
Reverse 5'-GAGCCCCAGCCTTCTCCATG detection of human DICER mRNA
DICER clone 1
Forward 5'-CCCAAGCTTAATGATCTTTGGCTAAACACCC For clone miR-18a binding site 1,
Reverse 5'-CGAGCTCATGCAAAAGAAAAGAAGAACTGAG an enzymatic cutting site was added
DICER clone 2
Forward 5'-CCCAAGCTTGAACAGACGATAACTTTATTGGAGATTTA  For clone miR-18a binding site 2,
Reverse 5'-CGAGCTCCATTGAGACCATTGTATTTTCCAC an enzymatic cutting site was added

We also intended to investigate the functional role of
members of the miR-17-92 cluster in urinary bladder cancers.
In the present study, we found that miR-18a repressed cell
growth in bladder cancer T24 cells and suppressed Dicer
expression by mRNA degradation as well as translational
inhibition. Luciferase reporter assay demonstrated that
miR-18a directly targeted Dicer 3' UTR. Furthermore, down-
regulation of Dicer expression by siRNA led to a marked
growth supression similar to that of miR-18a in T24 cells,
which indicated that sluggish cell growth induced by miR-18a
might be attributed to the repression of Dicer.

Materials and methods

Cell lines and culture. The bladder cancer cell line T24
was purchased from the Chinese Academy of Science
cell bank (Shanghai, China) and cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin G and 100 ug/ml streptomycin.
HEK?293 cells were cultured in Dulbecco's modified Eagle's
medium (DMEM) plus 10% FBS, 100 U/ml penicillin G and
100 pg/ml streptomycin.

Transfection of miR-18a mimics, antisense oligonucle-
otides inhibitor, siRNAs and luciferase reporter plasmid.
Mature miR-18a mimics, antisense oligonucleotides (ASO)
inhibitor and Dicer siRNA were designed and synthesized
by Genepharma (Shanghai, China). Dicer 3' UTR fragments
were amplified using synthetic primers with added enzymatic
cutting sites. The restriction endonuclease used for forward
primers was HindIIl, and that for the reverse primers was
Sacl (Table I). The two fragments of Dicer 3' UTR containing
miR-18a binding site were 492 and 461 bp respectively. The
fragments were then cloned into the pMIR-REPORT™ vector
(Ambion, Austin, TX, USA). The insertion fragment was
confirmed by DNA sequencing. Cell transfection and
co-transfection were performed using Lipofectamine™ 2000
(Invitrogen, MD, USA) according to the manufacturer's
protocol.

Cell proliferation assay and clone formation assay. Cell
proliferation was determined by a modified MTT method
using the CellTiter 96® AQueous One solution assay (Promega,
Madison, WI, USA). T24 cells (3,000 cells/well) were seeded
in 96-well plates. Cell proliferation was documented every 24 h
for 5 days according to the manufacturer's protocol. Briefly,
20 ul MTS solution were added into each well and incubated
at 37°C for 4 h. Absorbance was measured at 490 nm with
an ELISA reader. To evaluate the colony formation potential,
3,000 T24 cells were seeded in a 10 cm? flask a day before
transfection. After transfection, the cells were cultured for
10 days. Then the cells were washed with PBS solution, fixed
with 4% formaldehyde for 10 min and dyed using crystal violet
to visualize colonies. Colonies containing more than 50 cells
were counted under a microscope. Ten randomly selected high
power fields (HPF) were counted to obtain the mean number
of colonies in each group.

Semi-quantitative reverse transcription PCR. RNA was
extracted from cells using the TRIzol® reagent (Invitrogen).
RNA quality control and quantification were routinely
performed by spectrophotometry. A total of 500 ng RNA were
used in each reaction and GAPDH was used as an internal
control. Primers for Dicer and GAPDH are shown in Table I.
PCR reactions were executed under the following conditions:
95°C for 5 min followed by 30 cycles of 95°C for 30 sec, 54°C
for 40 sec and 72°C for 45 sec. Electrophoresis on 3% agarose
gels was performed to identify the amplification of the target
gene. Relative expression was determined by dividing the
blot density of Dicer to that of GAPDH. The experiment was
repeated three times independently.

Luciferase assay. Cells were plated in a 12-well plate at
~90% confluency and transfected with 0.5 ug reporter
plasmid, 40 nmol miR-18a mimics or its negative control by
Lipofectamine™ 2000. Each sample was also co-transfected
with 0.05 pg Renilla luciferase plasmid pRL-CMV (Promega)
as an internal control for transfection efficiency. The lucif-
erase assay was performed 48 h after transfection using the
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Figure 1. The effects of miR-18a on cell proliferation of bladder cancer
T24 cells. (A) Cell proliferation was measured by the MTT assay. T24 cells
were transfected with miR-18a mimics, antisense oligonucleotides (ASO)
of miR-18a and their negative control. The MTT assay was then performed
every 24 h for 5 days. Results are the means of three independent experi-
ments + SD ("P<0.05, “P<0.01). (B) and (C) The effect of miR-18a on cell
proliferation was evaluated by a colony formation assay. T24 cells were
transfected with miR-18a mimics, ASO of miR-18a and their negative con-
trol and then seeded in 6-well plates. The number of colonies was counted on
the 10th day after seeding. (B) Photos were taken at a xI magnification. (C)
Only colonies with >50 cells were counted. Data are presented as mean + SD
("P<0.01).
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Figure 2. The effect of miR-18a on Dicer expression in T24 cells. (A) and
(B) The effects of miR-18a on Dicer mRNA expression 48 h after transfec-
tion of miR-18a mimics, antisense oligonucleotides (ASO) of miR-18a and
their negative control in T24 cells. Dicer mRNA was semi-quantitatively
evaluated by RT-PCR and GAPDH was used as an internal control. Results
are shown as percent changes relative to negative controls. Three indepen-
dent experiments were performed and the data are presented as mean + SD
("P<0.05, “P<0.01). (C) and (D) The effects of miR-18a on Dicer protein 72 h
after transfection of miR-18a mimics, ASO of miR-18a and their negative
control in T24 cells were detected by Western blotting and -actin was used
as loading control. Results are shown as percent changes relative to the nega-
tive controls and represent means of three independent experiments + SD
("P<0.05, "P<0.01).
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Figure 3. Dicer is a direct target of miR-18a. (A) Scheme of putative miR-18a binding sites on Dicer mRNA 3' UTR. (B) Luciferase assay verified direct
binding of miR-18a with the predicted sites. Luciferase activity was significantly lowered when miR-18a was co-transfected with vectors containing its
binding sites in T24 cells (dark bars) and HEK293 cells (open bars). Co-transfection with miR-18a and scrambled vector or co-transfection with negative
control and vectors containing binding sites were used as controls. Three independent experiments were performed and data are presented as mean + SD

("P<0.01).

Dual-Luciferase® Reporter Assay system (Promega). Firefly
luciferase activity was normalized to Renilla luciferase
activity for each transfected well. Each assay was repeated
3 times.

Western blot analysis of Dicer protein. Antibodies of
human Dicer and fB-actin were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Total cell lysate was
prepared using RIPA buffer supplemented with phenylmeth-
ylsulfonyl fluoride (PMSF). A total of 50 ug protein was
loaded in each lane on 7.5% SDS-polyacrylamide gels. After
electrophoresis, the protein was transferred to polyvinylidene
fluoride membranes and blotted with primary and secondary
antibodies. The blot was developed with ECL detection solu-
tion (Pierce, Rockford, IL, USA) and photographed using the
FluorChem® imaging system (Alpha Innotech, San Leandro,
CA, USA). The intensity of each spot was read and analyzed
with AlphaEaseFC software. 3-actin was used as a loading
control.

Statistical analysis. Data are presented as mean + SD, and
compared using the Student' t-test in Stata v. 10 (StataCorp,
College Station, TX, USA). Double-tailed P<0.05 was consid-
ered to indicate statistically significant differences.

Results

miR-18a supresses cell proliferation in T24 cells. To investi-
gate the influence of miR-18a on cell proliferation, we used the
MTT method to survey the number of live cells after the up- or
down-regulation of the miR-18a expression. Not as expected,
miR-18a up-regulation did not promote cell proliferation in
T24 cells. On the contrary, up-regulation of miR-18a signifi-
cantly suppressed cell growth, whereas the down-regulation
miR-18a by ASO obviously promoted cell growth (Fig. 1A).
To confirm our observation, we performed a colony formation
assay to evaluate whether miR-18a interfered with anchored
cell growth in T24 cells. Consistent with our MTT results,
up-regulation of miR-18a decreased colony formation by
~70%, whereas down-regulation of miR-18a increased colony
formation ~2.75 fold (Fig. 1B and C). These results indicate
that miR-18a may play a tumor suppressive role in T24 cells.

Dicer is a direct target of miR-18a. We performed a bioin-
formatics study to find out which targets may mediate the
proliferation arrest effect of miR-18a. Interestingly, Dicer is a
conserved target of miR-18a and it has been reported that inhi-
bition Dicer expression may contribute to suppression of cell
growth (13). First, we performed a semi-quantitative RT-PCR
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Figure 4. Effect of Dicer knockdown on cell proliferation in T24 cells.
(A) and (B) Dicer knockdown by siRNA. Three distinct siRNA fragments
were designed and their effects were evaluated using Western blot analysis.
si2 effectively down-regulated Dicer expression as compared with the
negative control or other siRNAs. (C) Cell proliferation after transfection
of Dicer siRNA. T24 cells were transfected with Dicer siRNAs and nega-
tive control. The MTT assay was performed every 24 h for 5 days. si2 could
significantly suppress cell proliferation by knocking-down Dicer. Results are
the means of three independent experiments + SD (“P<0.01).

to evaluate how miR-18a regulated Dicer gene expression at
the mRNA level. As shown in Fig. 2A and B, up-regulation
of miR-18a led to 36% supression of Dicer mRNA, while
down-regulation of miR-18a increased Dicer mRNA by ~23%.
Since microRNA regulates gene expression by either mRNA
degradation or translation inhibition, we performed Western
blotting to detect the expression change at the protein level.
As expected, miR-18a overexpression lowered Dicer protein
by ~40%, and down-regulation of miR-18a promoted Dicer
protein by 16% (Fig. 2C and D). Collectively, these findings
suggest that miR-18a may target Dicer in T24 cells.

There are two conserved binding sites (S1 and S2)
of miR-18a on Dicer 3' UTR predicted by bioinformatic
programs, as presented schematically in Fig. 3A (14). We
then cloned the 3' UTR sequences containing the SI site

(+1063 from the end of coding region) and the S2 site (+4162)
into the pMIR-REPORT™ vector. A luciferase assay was
performed to evaluate whether these sites could directly
mediate miR-18a induced suppression effect. As shown in
Fig. 3B, cells co-transfected with vectors containing the S1 or
S2 sites and miR-18a mimics showed a significant decrease
in luciferase activity compared with scrambled vector plus
miR-18a mimics or S1/S2 vector plus negative control. Similar
results were observed when this experiment was duplicated in
HEK?293 cells. These results further demonstrate that Dicer
might be a direct target of miR-18a.

Suppressing Dicer expression by siRNA leads to proliferation
suspension in T24 cells. To evaluate whether down-regulation
of Dicer results in suppression of cell proliferation, we
conducted cell proliferation assays after treating T24 cells
with siRNA specific to Dicer. We tested three synthetic
siRNA (sil-si3) and found that si2 could suppress Dicer
expression at the protein level most efficiently (Fig. 4A and B).
As shown in Fig. 4C, cell proliferation was significantly
supressed after transfecting si2 siRNA compared with other
siRNA or the negative control. We duplicated the proliferation
inhibiting effect of miR-18a by knocking down Dicer with
siRNA, which indicated that miR-18a induced anti-prolifera-
tion effect may, at least partly, be attributed to its suppression
of Dicer.

Discussion

The miR-17-92 cluster has long been deemed as an oncogenic
miRNA cluster. However, the functions of each member are
still largely undetermined. In the present study we offer the first
evidence that miR-18a, one member of this cluster, might play
a tumor suppressive role in bladder cancer T24 cells. We also
demonstrate that this phenomenon could be due to suppression
of a component of the miRNA processing machinery.

miR-18a is somewhat unique among the miR-17-92 cluster
members because it shares little sequence similarity with the
other members (9). We also found a different spectrum of
targets for miR-18a using bioinformatics. Surprisingly, except
for Dicer, many growth factors and regulatory molecules
involved in tumorigenesis are also conservative targets of this
miRNA, including CTGF (15), IGF1, CCND2 and HIFI1A.
However, studies on miR-18a are rare. Tsang et al reported
that miR-18a’, a 3'-end sequence from the hairpin precursor of
miR-18a, might function as a tumor suppressor by targeting the
oncogene K-Ras (16). miR-18a" is a minor fragment present in
the cytosol with low abundance, so it is questionable to declare
its significance in the physiological and pathological status. In
this study, we evaluated the mature miR-18a sequence from the
5'-end of its precursor, which is the major form of miR-18a in
most cell types, and demonstrated that miR-18a suppressed cell
proliferation in T24 cells by targeting Dicer. These results may
reveal a novel and noteworthy mechanism which the oncogenic
cluster of miR-17-92 may utilize as an endogenous brake.
Furthermore, it may help us decipher the complicated relation-
ship within this gene cluster. Because Dicer modulates miRNA
biogenesis and thus controls output of mature miRNA, a
negative feedback may exist to finely tune the function of the
miR-17-92 cluster.
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Dicer is a ribonuclease III endonuclease with a RNA heli-
case motif in its amino terminus and an RNA motif in the
carboxy terminus, required for siRNA and miRNA pathways
to produce functional small RNA fragments (17). As a compo-
nent of miRNA processing machinery, Dicer is ubiquitously
expressed in almost all cell types and is crucial for miRNA-
mediated cellular activities. Disruption of Dicer results in
embryonic lethality, demonstrating its indispensability in
development (2,3). Recent studies also reveal that Dicer may
have an active role in tumorigenesis and cancer progres-
sion (18,19). Furthermore, as a gene with a very long 3' UTR
(more than 4000 nucleotides), Dicer depends on the regulation
of miRNAs, modulating the homeostasis of miRNA pathway.

Jakymiw et al have reported that let-7 miRNA could
down-regulate Dicer expression, which suppresses cell
proliferation in multiple oral cancer cells (18). However, Dicer
down-regulation by miR-103/107 showed little effect on cell
proliferation and even enhanced cell invasiveness in breast
cancer cells (20). There seems to be a dose effect of Dicer in
cancer cells, a severely low level of Dicer will result in cell
death, while a more moderate lower level will confer a pheno-
type shift in cells. If this is true, it is not surprising to find that
Dicer is also down-regulated in several types of cancer and is
correlated with aggressive tumors (21,22).

The human Dicer gene is mapped to the subtelomeric
region of the short arm on chromosome 14 (14q32.13), which
is vulnerable in an unstable genomic environment (23-25).
Interestingly, advanced bladder cancer is characteristic of
14q deletion (26). Our recent findings implied that low Dicer
expression occurs frequently in bladder cancers regardless
of the tumor stage or grade (unpublished data). Additionally,
inversion of chromosome 14q has been described as a typical
chromosomal aberration in T24 cells, which may cause gene
deletion in telomeric region or alteration of gene regulation
(27). Consequently, proliferation stagnation observed in our
study may be explained by further down-regulation of Dicer
to a lethal threshold. However, whether or not the tumor
suppressive function of miR-18a is specific to T24 cells has
yet to be determined. It seems that the function of miR-18a
may be dependent upon the cellular level of Dicer.

In conclusion, we have shown that miR-18a functioned
as a tumor suppressor by targeting Dicer in bladder cancer
T24 cells. This leaves a series of interesting questions to be
answered. Further investigations are warranted to elucidate
the function of miR-18a on a more extensive basis.
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