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Restoration of miR-517a expression induces
cell apoptosis in bladder cancer cell lines
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Abstract. The aim of this study was to find novel tumor
suppressor microRNAs through screening genes epigenetically
silenced by methylation in bladder cancer (BC) cell lines
using microRNA microarrays. Since miR-517a and miR-520g,
both located on chromosome 19q13.42, were found to highly
up-regulated genes after treatment with a demethylating agent,
5-aza-2'-deoxycytidine (5-Aza-dc), we hypothesized that they
are tumor-suppressor microRNAs and performed a gain-of-
function study using these mature microRNAs. The miR-517a
restoration showed significant inhibition of cell proliferation
in the transfectants compared to miR-control-transfected cells
(p<0.0001 both in BOY and T24 cells). Furthermore, ectopic
overexpression of miR-517a markedly induced apoptosis in
the miR-517a-transfected BC cell lines. In addition, we carried
out oligo microarray analysis using miR-517a transfectants and
miR-control transfectants (BOY and T24), from which 35 down-
regulated genes and 19 up-regulated genes were identified. These
included amphiregulin (AREG) and BCL2-associated transcrip-
tion factor 1, transcript variant 1 (BCLAFI), previously reported
to be concerned with apoptosis, in both cell lines by miR-517a
restoration. These data suggest that miR-517a functions as a
tumor suppressor through inhibition of cell proliferation and
induction of apoptosis under the regulation of AREG and/or
BCLAFI in BC cells. Anti-apoptotic effects may be maintained
by down-regulation of miR-517a due to DNA hypermethylation in
human BC cells, suggesting that restoration of miR-517a may be a
novel therapeutic strategy for human BC.

Introduction

Bladder cancer (BC) is the fifth most common malignancy
worldwide, and it is the second most common cause of death
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in patients with urological malignancy (1). Although the exact
mechanism of bladder carcinogenesis is still unclear, some
oncogenes and tumor suppressor genes have been suggested
to play important roles in bladder tumorigenesis (2). Recently,
it has been reported that microRNAs may act as oncogenes or
tumor suppressors in BC (3).

microRNAs are small non-coding RNAs of 20-22 nucle-
otides and involved in crucial biological processes, including
development, differentiation, apoptosis and proliferation
(4-6) through imperfect pairing with target messenger RNAs
(mRNAs) of protein-coding genes and the transcriptional or
post-transcriptional regulation of their expression (7-9). It has
also been shown that microRNAs are aberrantly expressed
or mutated in cancers, as described above, suggesting that
they may play a role as a novel class of oncogene or tumor
suppressor gene, depending on the targets they regulate (10).

Recent studies have also established that methylation-medi-
ated silencing of tumor suppressor genes (TSGs) play a crucial
role in carcinogenesis (11). Because the down-regulation of
many known TSGs in human cancer has been tightly linked
to the hypermethylation of CpG sites located within CpG
islands with promoter activity, the same mechanism could
play an important role in the silencing of tumor-suppressive
microRNAs in tumors (12). There is increasing evidence of
epigenetic silencing of tumor-suppressive microRNAs, e.g.
miR-137 in colorectal cancer (13), miR-141/200c in breast cancer
(14), miR-9 in renal cell cancer (15), miR-196b in gastric cancer
(16), miR-145 in prostate cancer (17), and miR-124 in cervical
cancer (18). This prompted us to screen for tumor-suppressive
microRNAs silenced epigenetically in human BC, because
such studies are lacking.

Therefore, we performed microRNA expression analysis
using two BC cell lines before and after treatment with a
demethylating agent, 5-aza-2'-deoxycytidine (5-Aza-dc). Since
we found that the expression of miR-517a and miR-520g were
highly restored by 5-Aza-dc treatment, we hypothesized that
these microRNAs function as a tumor suppressor in BC cells.
To test this hypothesis, we performed a gain-of-function study
using these two mature microRNAs in BC cell lines. The
miR-517a restoration significantly inhibited cell proliferation
and markedly induced apoptosis in BC cell lines. In addition,
we identified genes up- and down-regulated by miR-517a over-
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expression using the miR-517a transfectants and miR-control
transfectants with an oligo microarray containing ~44,000
genes.

Materials and methods

BC cell lines and cell culture. We used two human BC cell
lines, BOY and T24. BOY was established in our laboratory
from an Asian male patient aged 66 years diagnosed with
stage III BC with lung metastasis (19). T24 was obtained
from the American Type Culture Collection (ATCC,
Manassas, VA, USA). These cell lines were maintained in
minimum essential medium (MEM) supplemented with 10%
fetal bovine serum in a humidified atmosphere of 5% CO,
and 95% air at 37°C.

5-Aza-dc treatment and microRNA transfection. The two
BC cell lines were incubated with 10 uM of 5-Aza-dc
(Sigma-Aldrich, St. Louis, MO, USA) for four days. Culture
medium and 5-Aza-dc were replaced every two days. For the
gain-of-function study, the cell lines were transfected using
RNAiMax transfection reagent (Invitrogen, Carlsbad, CA,
USA) and Opti-MEM™ (Invitrogen) with 10 nM of mature
microRNA molecules, miR-control, miR-517a and miR-520g,
(cat.no.: AM17111, PM12660, PM10365, respectively; Ambion,
Austin, TX, USA). Cells were seeded in a 96-well plate for the
XTT assay (3,000 cells per well) or in a 6-well plate for the
apoptosis assay (2x10° cells per well).

RNA extraction. Total RNA, including microRNA for the
microRNA microarray was extracted from BC cell lines
before and after the 5-Aza-dc treatment using the mirVana™
microRNA isolation kit (Ambion) in accordance with the
manufacturer's protocol. Total RNA for the oligo microarray
was extracted from the two cell lines transfected with either
miR-control or miR-517a using an ISOGEN™ kit (Nippon
Gene, Tokyo, Japan) in accordance with the manufacturer's
protocol.

microRNA expression signatures and data normalization.
microRNA expression patterns were evaluated using the
TagMan Low Density Array Human MicroRNA Panel v2.0
(Applied Biosystems, Foster City, CA). The assay was composed
of two steps: generation of cDNA by reverse transcription and
a TagMan real-time PCR assay. Briefly, microRNAs in the
samples were converted to cDNA using 665 specific stem-loop
reverse transcription primers. After cDNA conversion, the
quantity of mature microRNA was evaluated using specific
TagMan real-time PCR primers and probes. Real-time PCR
was performed in duplicate using GeneAmp Fast PCR Master
Mix (Applied Biosystems) and the ABI 7900HT Real-Time
PCR System (Applied Biosystems). The comparative CT
method (A-A CT) was used to determine expression levels of
the mature mRNAs. Description of real-time PCR and the list
of human microRNAs can be found on the company's website
(http://www.appliedbiosystems.com). Analysis of relative
microRNA expression data was performed using GeneSpring
GX version 7.3.1 software (Agilent Technologies) in accor-
dance with the manufacturer's instructions. We used two
different approaches for normalizing the microRNA expression
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data, endogenous gene normalization based on RNU48 and
global normalization.

Quantitative real-time RT-PCR. Quantifications of miR-517a
and miR-520g expression levels in BC cells before and after
the 5-Aza-dc treatment and in human normal bladder (cat.
no.. AM7990, Ambion) were assessed by stem-loop RT-PCR
(TagMan® MicroRNA Assays, Applied Biosystems) in accor-
dance with the manufacturer's recommendations. RNU48
was used as an internal control. Aliquots of total RNA (1 pg)
from miR-control, miR-517a, or miR-520g transfectant were
converted into cDNA using a high-capacity cDNA reverse
transcription kit (Applied Biosystems) in accordance with the
manufacturer's protocol. Quantitative TagMan RT-PCR (qRT-
PCR) was performed using TagMan primers for amphiregulin
(AREG) and BCL2-associated transcription factor 1, tran-
script variant 1 (BCLAFI) with miR-control- and miR-517a
transfectants. GUSB was used as an internal control. All quanti-
tative RT-PCRs were performed using a 7300 Real-Time PCR
System (Applied Biosystems) following the manufacturer's
protocol. All reactions were performed in triplicate and A-A
Ct methods were used to calculate the fold change.

Cell viability assay. Cell viability was determined using an
XTT assay (Roche Applied Sciences, Tokyo, Japan) at 72 h after
transfection in accordance with the manufacturer's protocol.
All experiments were performed in triplicate. Photographs
(x100) of the cells in 6-well dishes were also taken with a light
microscope at 72 h after transfection.

Analysis of apoptosis. BC cell lines transiently transfected
with transfection reagent only (mock), miR-control, or miR-
517a in 6-well tissue culture plates as described above, were
harvested 48 h after transfection by trypsinization. Double
staining with FITC-Annexin V and PI was carried out using the
FITC-Annexin V Apoptosis Detection Kit (BD Biosciences,
Franklin Lakes, NJ, USA), in accordance with the manufac-
turer's recommendations and immediately analyzed within
1 h by flow cytometer (FACScan®; BD Biosciences). Cells
were discriminated into viable cells, dead cells, early apop-
totic cells, and apoptotic cells by the CellQuest software (BD
Biosciences), and then the percentages of early apoptotic cells
plus apoptotic cells from each experiment were compared.
Experiments were done in triplicate.

Screening of up- or down-regulated genes by miR-517a trans-
fection. Oligo-microarray Human 44K (Agilent) was used for
expression profiling in miR-517a-transfectans (BOY and T24)
in comparison with miR-control transfectant in accordance
with the manufacturer's protocol as previously described (19).
Amphiregulin (AREG) and BCL2-associated transcription
factor 1, transcript variant 1 (BCLAFI), one of the down- and
up-regulated genes, respectively, commonly in the two cell
lines were validated by quantitative real-time RT-PCR. Entries
from the current microarray data were approved by the gene
expression omnibus (GEO) and were assigned GEO accession
no. (GSE19717).

Statistical analysis. Data are shown as mean values + stan-
dard deviation (SD). The relationship between two variables
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Table I. Top 20 up-regulated microRNAs by 5-Aza-dc treatment.

Fold change
microRNA BOY T24 Average Map location
miR-520g 2.40 103.22 52.81 19q13.42
miR-517a 19.64 79.44 49.54 19q13.42
miR-7 64.85 18.52 41.68 9q21.32,15q26.1, 19p13.3
miR-941 5.36 71.57 3847 20q13.33
miR-454" 2.50 50.89 26.69 17q22
miR-629" 45.52 6.40 25.96 15q23
miR-497 2.54 4133 21.93 17p13.1
miR-520c-3p 2.06 37.68 19.87 19q13.42
miR-548d-5p 16.43 16.06 16.25 8q24.13
miR-409-3p 10.24 19.70 14.97 14q32.31
miR-542-5p 4.89 22.61 13.75 Xq26.3
miR-423-5p 16.06 8.62 12.34 17q11.2
miR-192" 2045 3.74 12.10 11q13.1
miR-491-3p 8.59 9.32 8.96 9p21.3
miR-342-5p 9.87 4.57 7.22 14q32.2
miR-650 242 10.53 647 22ql11.22
miR-215 248 942 595 1q41
miR-597 3.18 8.35 5.77 8p23.1
miR-486-5p 2.92 6.54 4.73 8pll.21
miR-27b" 492 333 4.12 9q22.32

and the numerical values obtained by real-time RT-PCR was
analyzed using the Mann-Whitney U test. The relationship
between three variables was analyzed using the Bonferroni-
adjusted Mann-Whitney U test. Expert StatView® analysis
software (version 4; SAS Institute Inc., Cary, NC, USA) was
used in both cases.

Results

miR-517a and miR-520g are up-regulated after 5-Aza-dc treat-
ment in BC cell lines. The microRNA expression signatures
demonstrated that a total of 34 microRNAs were commonly
up-regulated >2-fold in the two cell lines after 5-Aza-dc treat-
ment. The top 20 up-regulated microRNAs are listed in Table I.
Interestingly, the top two microRNAs of the list (miR-517a
and miR-520g) are closely located in the same chromosome
19 microRNA cluster (C19MC). Using the stem-loop RT-PCR
method, we confirmed that the two microRNAs were up-regu-
lated after 5-Aza-dc treatment as shown in Fig. 1A. Moreover,
we found that miR-517a and miR-520g expression levels in the
BC cell lines were originally lower than those of the normal
human bladder without 5-Aza-dc treatment (Fig. 1B).

miR-517a restoration significantly inhibits cell proliferation in
BC cell lines. We transfected the BC cell lines with miR-517a
and miR-520g and evaluated their effect on cell viability. As
shown in Fig. 2A, BC cell viability was significantly decreased
in miR-517a-transfected cells compared to those transfected
with mock or miR-control (BOY, 53.9+2.7%, 101.9+6.5%

and 100.0+4.5%, respectively, p<0.0001; T24, 54.5+2.8%,
103.3+6.3% and 100.0+5.2%, respectively, p<0.0001) but not
decreased by miR-520g at 72 h after transfection. As shown
in Fig. 2A, miR-517a transfectants were sparse and less dense
than mock or miR-control transfectants at 72 h after transfec-
tion (Fig. 2B).

miR-517a transfection induces apoptosis in BC cell lines.
Because miR-517a significantly inhibited BC cell prolifera-
tion, we evaluated the effect of miR-517a over-expression on
apoptosis by flow cytometry at 48 h after transfection. As
shown in Fig. 3A as representative results, the apoptotic cell
fractions (early apoptotic cells + apoptotic cells) were greater
in miR-517a transfectants than in mock and miR-control
transfectants (BOY, 16.68, 1.06 and 1.04%, respectively; T24,
22.11, 2.25 and 2.36%, respectively). The apoptotic cell frac-
tions obtained from triplicate experiments in the miR-517a
transfectants were significantly greater than those in the
mocks and miR-control transfectants (relative to miR-control;
BOY, 11.80+0.53, 1.40+0.67 and 1.00+0.27, respectively,
p<0.0001; T24, 5.67+0.11, 1.20+0.55 and 1.00+0.33, respec-
tively, p<0.0001; Fig. 3B). At first, we tried to carry out an
apoptosis assay at 72 h after transfection as done in the XTT
assay, but the cells were too few to analyze at 72 h after miR-
517a transfection.

Gene expression profiles of differentially expressed genes
after miR-517a transfection. To find which genes are involved
in inhibition of cell proliferation and/or in promotion of
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Figure 1. miR-517a and miR-520g expression in BC cell lines quantified by stem-loop real-time RT-PCR. (A) The expression levels of miR-517a and miR-520g
were markedly up-regulated following 5-Aza-dc treatment in BC cell lines. (B) The expression levels of miR-517a and miR-520g were originally lower in BC

cell lines than in human normal bladder.
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Figure 2. Repression of cell proliferation by miR-517a transfection in BC cell lines. (A) Effect of miR-517a and miR-520g transfection on the viability of
BC cell lines in XTT assay ('p<0.0001). (B) Effect of miR-517a transfection on the morphology of BC cell lines. Photographs (x100) of mock, miR-control

transfectants and miR-517a transfectants at 72 h after transfection are shown.
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Figure 3. Effect of miR-517a transfection on apoptosis in BC cell lines. (A) Annexin V/PI staining discriminates between cells in early (lower right quadrant)
and advanced (upper right quadrant) apoptotic states. Viable cells are double negative (lower left quadrant). The representative quadrant cell fractions in
mock, miR-control transfectants and miR-517a transfectants are shown. (B) Ratio of the apoptotic cell fractions (early apoptotic + apoptotic cells) in miR-517a
transfectants in comparison with mock and miR-control transfectant. The data for the apoptotic cell fractions are expressed as the relative value of the average
expression of the miR-control transfectant.
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Figure 4. Validation of oligo-microarray data by real-time RT-PCR. (A) AREG was down-regulated in miR-517a transfectants compared to that in miR-
control transfectant. (B) BCLAFI was up-regulated in miR-517a transfectants compared to that in miR-control transfectant.

apoptosis in BC cells, we performed an oligo-microarray = comparison with the miR-control transfectant. The down- and
consisting of 44,000 genes using miR-517a transfectants in  up-regulated genes in the miR-517a transfectant <-2.0- and
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Table II. Down-regulated genes in the miR-517a transfectant.
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Log?2 ratio
(miR-517a/miR-control)
Gene symbol  Description BOY T24  Average
AREG Amphiregulin (schwannoma-derived growth factor) -329 407 -3.68
CTSZ Cathepsin Z -3.55 298 -3.26
CDK2API CDK?2-associated protein 1 -320  -332 -3.26
CIQTNF5 C1q and tumor necrosis factor-related protein 5 -3.19  -333 -3.26
FARPI FERM, RhoGEF (ARHGEF) and pleckstrin domain protein , transcript variant 1 ~ -3.35  -2.72 -3.03
AGPAT3 1-acylglycerol-3-phosphate O-acyltransferase 3, transcript variant 1 -324 246 -2.85
SERFIB Small EDRK-rich factor 1B (centromeric) -3.10 -2.53 -2.82
ADAM?9 ADAM metallopeptidase domain 9 (meltrin v) 275 -2.84 -2.79
Cl0orfl14 Chromosome 10 open reading frame 114 -343 214 -2.78
SLC25A23 Solute carrier family 25 (mitochondrial carrier; phosphate carrier), member 23 297 252 -2.74
TARSL2 Threonyl-tRNA synthetase-like 2 -3.10 234 -2.72
AES Amino-terminal enhancer of split, transcript variant 1 -3.16 224 -2.70
ABHDI4B Abhydrolase domain containing 14B -2.69 240 -2.54
CNN2 Calponin 2, transcript variant 1 281 224 -2.53
CCDC113 Coiled-coil domain containing 113 242 261 -2.51
B4GALT?2 BGIcNAc 3 1,4-galactosyltransferase, polypeptide 2, transcript variant 2 -2.83  -2.13 -2.48
TCEALI Transcription elongation factor A (SII)-like 1, transcript variant 3 267 224 -2.46
APIS2 Adaptor-related protein complex 1, 02 subunit 274 -2.14 -2.44
ATP6VIE?2 ATPase, H* transporting, lysosomal 31 kDa, V1 subunit E2 -2.80  -2.08 -2.44
PREPL Prolyl endopeptidase-like, transcript variant C 237 249 -243
PAQR9 Progestin and adipoQ receptor family member IX -229 256 -2.43
REEPS5 Receptor accessory protein 5 273 =207 -2.40
DBNI Drebrin 1, transcript variant 2 -2.61  -2.18 -2.39
SIPAIL3 Signal-induced proliferation-associated 1 like 3 2,13 245 -2.29
MAPKG6 Mitogen-activated protein kinase 6 212 244 -2.28
WSB2 WD repeat and SOCS box-containing 2 -250  -2.06 -2.28
RPS6KA4 Ribosomal protein S6 kinase, 90 kDa, polypeptide 4, transcript variant 1 234 -2.16 -2.25
MESDCI Mesoderm development candidate 1 237 207 =222
17C15 Tetratricopeptide repeat domain 15 240  -201 -2.21
FAM3A Family with sequence similarity 3, member A -225  -2.16 -2.20
SORDL Sulfide quinone reductase-like (yeast) 234 205 -2.20
NTANI N-terminal asparagine amidase 2,12 226 -2.19
PPME] Protein phosphatase methylesterase 1 206  -226 -2.16
COL4A6 Collagen, type IV, a6, transcript variant B 2,16 -2.12 -2.14
C220rf9 Chromosome 22 open reading frame 9, transcript variant 1 2,13 202 -2.08

>2.0-fold (log?2 ratio, each) both in BOY and T24 are listed
in Tables II and III, respectively. To confirm the results of our
oligo microarray data, we performed quantitative real-time
RT-PCR using TagMan primers for AREG and BCLAF I, one
of the down- and up-regulated genes, respectively, since the
two genes have been reported to be concerned with apoptosis
in the literature. We found that AREG was down-regulated
whereas BCLAFI was up-regulated in miR-157a-transfected
BC cell lines compared to miR-control transfectant (Fig. 4).
These results indicate that our oligo microarray data were
reproducible.

Discussion

We found for the first time that miR-517a was down-regulated,
and ectopic restoration of miR-517a significantly inhibited cell
proliferation by promoting apoptosis in BC cell lines. We also
demonstrated that miR-517a expression was markedly restored
by 5-Aza-dc treatment, but we did not detect hypermethylation
of the miR-517a promoter region because, to our knowledge,
there was no apparent CpG island within 2-k bases upstream
of the miR-517a pre-microRNA sequence. miR-517a and
miR-520g, examined in this study, are members of the chro-
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Log?2 ratio
(miR-517a/miR-control)
Gene symbol  Description BOY T24  Average
ANKRD46 Ankyrin repeat domain 46 344 334 3.39
BCLAF1I BCL2-associated transcription factor 1, transcript variant 1 333 299 3.16
RGS5 Regulator of G-protein signalling 5 2.68 3.13 2.90
AXL AXL receptor tyrosine kinase, transcript variant 1 289 256 2.72
SGOLI Shugoshin-like 1 (S. pombe), transcript variant A2 332 207 2.69
PCGF5 Homo sapiens polycomb group ring finger 5 (PCGF5) 250  2.69 2.59
LYSMD3 LysM, putative peptidoglycan-binding, domain containing 3 2.65 248 2.57
ILIF9 Interleukin 1 family, member 9 239 254 247
BIRC3 Baculoviral IAP repeat-containing 3, transcript variant 1 219  2.67 243
SGOL?2 Shugoshin-like 2 (S. pombe) 2.51 2.33 242
NIPBL Nipped-B homolog (Drosophila), transcript variant B 2.11 2.65 2.38
DCTN5 Dynactin 5 (p25) 252 208 2.30
CEPI35 Centrosomal protein 135 kDa 2.31 2.23 2.27
LCOR Ligand-dependent nuclear receptor corepressor 2.18 227 2.23
ICAM1 Intercellular adhesion molecule 1 222 2.09 2.16
RNASEL Ribonuclease (2',5'-oligoisoadenylate synthetase-dependent) 2.03 2.27 2.15
RBBP4 Retinoblastoma binding protein 4 222 205 2.14
PEXI1IB Peroxisomal biogenesis factor 11B 207 2.15 2.11
PPFIA4 Protein tyrosine phosphatase, receptor type, f polypeptide, interacting protein, a4~ 2.06 2.05 205

mosome 19 microRNA cluster (CI9MC). Tsai et al found that
the CI9MC expression pattern was highly correlated with the
methylation status of a distal CpG-rich region located ~17.6 kb
upstream of the cluster (20). miR-517a and miR-520g might be
down-regulated by methylation of this CpG island as reported
because their expression was also restored by the 5-Aza-dc
treatment in our study. Histone modification, also known as
epigenetic alteration like DNA methylation, might be associ-
ated with the restoration of their expression since treatment
with 5-Aza-dc changes not only the DNA methylation status
but also the histone modifications to an active pattern in the
promoter region (21,22).

Among the two microRNAs selected by the microRNA
array using BC cells before and after 5-Aza-dc treatment, only
miR-517a restoration had a significant inhibitory effect on cell
proliferation. Furthermore, it markedly induced apoptosis in
the two BC cell lines tested while the reason why only miR-
517a has such a tumor-suppressive effect is unclear. miR-517a
may up- or down-regulate some essential genes related to cell
proliferation and/or apoptosis but miR-520g did not. On the
basis of this hypothesis, we performed an oligo-microarray
containing approximately 44,000 genes using BC cell lines
(BOY and T24) transfected with miR-control or miR-517a.
Thirty-five genes were down-regulated <-2-fold whereas 19
genes were up-regulated >2-fold (log2 ratio, respectively) in
miR-517a transfectants compared to miR-control transfectants
(BOY and T24). Among them, AREG was found to be
down-regulated while BCLAFI was up-regulated in miR-517a
transfectant by real-time RT-PCR. Furthermore, AREG was

found to have a putative target site in its 3'UTR region by refer-
ring to a commercial web database (TargetScanHuman; http:/
www.targetscan.org/vert_50/), making it a candidate target
gene for miR-517a.

AREG is a member of the epidermal growth factor (EGFR)
family and a ligand of EGFR (23). AREG over-expression has
been frequently observed in various types of human cancer
such as colon, breast, prostate, pancreas and lung cancer
(24-28). Busser et al recently reported that gefitinib-mediated
apoptosis was reduced through AREG-mediated down-regu-
lation of the proapoptotic protein BAX in non-small cell lung
cancer (NSCLC) cells (29). It is possible that miR-517a causes
inhibition of cell proliferation and/or promotes apoptosis by
down-regulating AREG as its target gene.

BCLAFI, also known as BCL-2-associated transcription
factor (BTF), was originally identified as a protein that interacts
with anti-apoptotic members of the Bcl2 family. Initial studies
indicated a role for BCLAFI as an inducer of apoptosis and a
repressor of transcription (30). Liu et al reported that silencing
of BCLAFI expression reduced TP53-dependent apoptosis,
suggesting that TP53 is a downstream target of BCLAFI and
that BCLAF1 induces apoptosis in a TP53-dependent manner
(31). miR-517a may inhibit cell proliferation and/or promote
apoptosis by indirectly up-regulating BCLAF1 in BC cell
lines.

In conclusion, through screening up-regulated genes by
5-Aza-dc treatment, we found for the first time that miR-517a
has tumor-suppressive function through inhibition of cell
proliferation and induction of apoptosis in BC cell lines.
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Anti-apoptotic effect may be maintained by down-regulation
of miR-517a due to DNA hypermethylation in human BC
cells, suggesting that restoration of miR-517a may be a novel
therapeutic strategy for human BC.
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