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Abstract Accumulating evidence reveals that miR-449a is
expressed at a low level in several tumors and cancer cell
lines, and acts as a tumor suppressor in several cancers. How-
ever, its role in osteosarcoma (OS) is not well understood. In
the present study, we found that miR-449a was significantly
downregulated in both OS tissues and cell lines. Furthermore,
low expression level of miR-449a was correlated with ad-
vanced tumor stage, metastasis, and predicted a poor overall
survival in OS patients. Additionally, restoration of miR-449a
in OS cell lines U20S and Saos-2 reduced cell viability, pro-
moted cell apoptosis in vitro, and suppressed tumorigenicity
in vivo. Moreover, BCL2, an antiapoptotic molecule, was
identified to be a direct target of miR-449a, and the
proapoptotic function of miR-449a was mainly through
targeting BCL2 expression. Taken together, our results dem-
onstrated a tumor-suppressive role of miR-449a in OS pro-
gression and suggested a potential therapeutic target for OS.
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Introduction

MicroRNAs (miRNAs) are an abundant class of non-coding
small RNAs of 17-25 nucleotides that regulate expression of
target genes at the post-transcriptional level [1]. MicroRNAs
function by directly binding to their potential target site in the
3" untranslated region (3'UTRs) of the specific target mRNAs,
resulting in the repression of mRNA translation or the degra-
dation of target mRNAs [2]. Growing evidence has suggested
that miRNAs play key roles in the regulation of diverse bio-
logical processes, including cell proliferation, differentiation,
as well as cancers [2, 3]. However, dysregulated microRNAs
and their roles in cancer carcinogenesis and progression re-
main largely unknown.

Osteosarcoma (OS) becomes the most common malignant
bone tumor with high incidence in children and adolescents
[4]. Despite dramatic advances in surgical techniques and che-
motherapeutic treatment, the five-year survival rate for pa-
tients suffering from OS is only about 50 % [5, 6]. Therefore,
it is necessary to improve current therapeutic modalities and to
explore new biological molecular markers for predicting the
progression of OS and helping targeted therapy. Recent re-
searches have provided evidences that dysregulated miRNAs
are greatly involved in the pathogenesis of OS. Both upregu-
lation and downregulation of specific miRNAs have been de-
scribed in OS carcinogenesis and progression, such as upreg-
ulated miR-135b [7], miR-214 [8], and miR-17-92 [9] and
downregulated miR-142 [10], miR-144 [11], and miR-145
[12]. However, the precise role of miRNAs in OS develop-
ment and progression remains unclear.

Recently, miR-449a has been reported to be downregulated
in several cancer cell lines and solid tumors including prostate
cancer [13], gastric cancers [14, 15], colorectal cancer [16],
and lung cancer [17, 18]. miR-449a could inhibit cell growth
and induce cell apoptosis and senescence by regulation of key
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factors in cell cycle and apoptosis such as histone deacetylase
1 (HDAC1) [13], cyclin D1 (CCND1) [14], CDC25A [19],
and CDKG6 [15]. However, whether miR-449a is dysregulated
in osteosarcoma and its roles in osteosarcoma carcinogenesis
and progression are still elusive.

In the current study, we found that miR-449a was down-
regulated in OS tissues and cell lines, and low expression level
of miR-449a was associated with advanced tumor stage and
metastasis and predicted a poor overall survival in OS. Resto-
ration of miR-449a expression in OS cell lines reduced cell
viability and promoted cell apoptosis in vitro and suppressed
tumorigenicity in vivo. In addition, BCL2 was confirmed as a
direct target of miR-449a, and the proapoptotic function of
miR-449a may be through targeting BCL2 expression. Thus,
our data suggest that miR-449a might be a promising thera-
peutic target for OS.

Material and methods
Patients and tumor specimens

Fresh surgically resected osteosarcoma tumor tissues and cor-
responding normal adjacent tissue (NAT) were obtained from
60 patients at the Department of Orthopaedic Surgery, Second
Affiliated Hospital of Medical School of Xi’an Jiaotong Uni-
versity, between January 2010 and November 2011. None of
the patients received preoperative chemotherapy or radiother-
apy before surgery. Clinicopathological characteristics of OS
patients were detailed in Table 1. Surgically removed tissues
were quickly frozen in liquid nitrogen until use. This study
was approved by the Research Ethics Committee of Medical
School of Xi’an Jiaotong University, People’s Republic of
China. Written informed consent was obtained from all of
the patients according to committee’s regulations.

Animals and cell lines

Female BALB/c nu/nu mice (6—8 weeks old) were purchased
from Shanghai Laboratory Animal Center (Shanghai, China)
and housed in specific pathogen-free conditions. All animals
received humane care according to the criteria outlined in the
“Guide for the Care and Use of Laboratory Animals™ pre-
pared by the National Academy of Sciences and published
by the National Institutes of Health (NIH publication 8623
revised 1985). Human osteosarcoma cell lines (MG-63,
U208, HOS, and Saos-2), human normal osteoblastic cell line
hFOB 1.19, and normal human osteoblast cells NHOst were
purchased from American Type Culture Collection (ATCC;
Rockville, MD, USA). Cells were cultured in Dulbecco’s
Modified Eagle’s Medium (Gibco BRL, Grand Island, NY)
containing 10 % fetal bovine serum, penicillin (100 U/mL),
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Table 1 Association between miR-449a expression and
clinicopathological features of 60 OS patients
Characteristics Cases (60) miR-449a expression P value
Low (34) High (26)

Age (years)

<18 32 21 11

>18 28 13 15 0.216
Gender

Male 31 15 16

Female 29 19 10 0.281
Tumor site

Femur/tibia 43 23 20

Others 17 11 6 0.616
Tumor stage

I+11 30 10 20

I 30 24 6 0.001
Tumor diameter (cm)

<6 39 25 14 0.190

>6 21 9 12
Distant metastasis

Yes 24 19 5

No 36 15 21 0.009
Differentiation status

High 34 20 14 0.902

Low 26 14 12

and streptomycin (100 pg/mL) at 37 °C in a humidified incu-
bator containing 5 % CO,.

RNA extraction and real-time quantitative RT-PCR

Total RNA, including miRNA, were extracted from tumor
tissues and cells using miRNeasy Kit (QIAGEN, Valencia,
CA, USA) according to manufacturer’s instructions. Mature
miRNAs were converted into cDNA using PrimeScript RT
Reagent Kit with gDNA Eraser (TaKaRa, Japan) and
miRNA-specific stem-loop RT primer (Applied Biosystems,
USA). For the synthesis of cDNA, the reaction mixture was
incubated at 42 °C for 15 min, 85 °C for 5 s, and then held at
4 °C. Quantitative reverse transcriptase polymerase chain re-
action (qQRT-PCR) was performed on ABI 7500 Fast Real-
Time PCR System (Applied Biosystems, USA) using SYBR
Premix Ex Taq TM II (TaKaRa, Japan) according to manufac-
turer’s instructions. Stem-loop RT primer for miR-143 was 5'-
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTG
GATACGATACCAGCT-3', and qRT-PCR primers for miR-
449a were 5'-TGGCGGTGGCAGTGTATTGTTA-3'
(forward) and 5'-GTGCAGGGTCCGAGGT-3’ (reverse).
gRT-PCR primers for internal control U6 small nuclear
RNA were 5'-GCTTCGGCAGCACATATACTAAAAT-3'
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(forward) and 5'-CGCTTCACGAATTTGCGTGTCAT-3’
(reverse); the reverse primer of U6 was used for RT reaction.
The relative expression level of miR-449a was normalized to
that of internal control U6 by using 2~ cycle threshold
method. Each sample was analyzed in triplicate, and the mean
expression level was calculated.

Cell transfection

The day before transfection, 2x 10° cells were seeded into
6-well plate in growth medium without antibiotics at a
density of 30—40 % and incubated overnight. The trans-
fection of hsa-miR-449a mimic (sense: 5'-UGCGAGUG
UAUUGUAAGGUGCU-3’, antisense: 5'-CACGUAAC
AUUA CACGUCCAUU-3") and mimic negative control
RNA (5'-ACAUCUGAUGCA CAGUGGAJdTAT-3', anti-
sense 5'-UGUACUCUCAUUCAGCAGUATAT-3) chemi-
cally synthesized by RiboBio (Guangzhou, China) was
performed using HiPerFect Transfection Reagent
(QIAGEN, Hilden, German) according to manufacturer’s
protocol. The mixture was added to cells at a final con-
centration of 100 nM. In addition, BCL2 stably
overexpressed U20S and Saos-2 were transfected and se-
lected in 600 pg/mL G418 for 4 weeks and then con-
firmed by Western blot for BCL2 expression.

Cell viability assay

Cells were seeded into 96-well plates at 5% 10° cells per well
and cultured for indicated time points. Cell viability was eval-
uated using CCK-8 (Beyotime, Haimen, China) according to
manufacturer’s instructions. OD values were read using a mi-
croplate reader (BioTek Company, Winooski, VT, USA) at the
450-nm wavelength. Each time point was repeated in three
wells, and the experiment was independently performed for
three times.

Cell apoptosis assay

Cell apoptosis was evaluated by flow cytometry using an
Annexin V-FITC Apoptosis Detection Kit (KeyGen Bio-
tech Co. Roche, Nanjing, China). Briefly, the group and
cell culture were the same as above. Forty eight hours after
transfection, cell culture medium was replaced by fresh
serum-free DMEM and cells were cultured for an additional
48 h; then the cells were detached by trypsinization, washed
twice in PBS, and resuspended in 500 uL binding buffer. A
volume of 5 uL Annexin V-FITC and 5 pL propidium io-
dide was added and mixed gently, and the cells were stained
in the dark for 10 min at room temperature. The cells were
analyzed immediately by flow cytometry (BD FACS
Calibur, BD Bioscience, San Diego, CA) and analyzed

using FlowJo software (FlowJo, Ashland, OR). The exper-
iment was repeated three times.

In vivo tumorigenicity assay

For evaluation of the tumor growth in vivo, mimic control or
miR-449a mimic-transfected U20S and Saos-2 cells (2x 10°)
were suspended in 0.1 mL PBS and then injected subcutane-
ously into the flank region of 6—-8-week-old female nude mice.
Tumor growth was monitored every 5 days, tumors were mea-
sured with fine digital calipers, and tumor volume was calcu-
lated by the following formula: tumor volume=0.5 x width?x
length.

3'UTR luciferase reporter assay

To construct the luciferase reporter plasmid containing
BCL2 3'UTR sequence, BCL2 mRNA 3'UTR sequence
containing the putative miR-449a binding sequence was
amplified by PCR and cloned downstream of the Firefly
luciferase gene in the pMIR-Report vector (Promega,
Madison, WI, USA) between the HindIIl and Spel sites.
Reporter plasmid containing miR-195 target site-deleted
BCL2 3'UTR sequence was made by ligation of PCR
fragments of BCL2 3'UTR luciferase reporter plasmid
lacking the target site. 1x10%* U20S and Saos-2 cells
were seeded into each well of 96-well plate and co-
transfected with 100 ng BCL2 3'UTR Firefly, luciferase
reporter plasmid, 20 ng pRL-TK-Renilla-luciferase plas-
mid, and NC or miR-449a mimic using jetPRIME trans-
fection reagent (Polyplus-transfection). After 48 h, Lu-
ciferase activity was measured by using a Dual-
Luciferase Reporter Assay (Promega, Madison, WI,
USA) on a Fluorescence Spectrophotometer F4500
(Hitachi, Tokyo, Japan). Data were normalized by divid-
ing Firefly luciferase activity with that of Renilla lucif-
erase. All experiments were repeated three times in
triplicate.

Western blotting

About 20 pg of total protein was extracted and separated by
10 % SDS-PAGE, transferred onto polyvinylidene fluoride
membranes. The primary rabbit monoclonal antibodies to
BCL2 (Santa Cruz, CA, USA) and (3-actin (Santa Cruz,
CA, USA) were incubated with the blot overnight at 4 °C.
After being extensively washed with PBS containing 0.1 %
Triton X-100, the membranes were incubated with HRP-
conjugated goat anti-rabbit antibody for 30 min at room
temperature. The bands were visualized using the ECL sys-
tem (Millipore, Billerica, WI, USA).
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Statistical analysis

Statistical analysis was performed with SPSS 16.0 for Win-
dows (SPSS, Chicago, IL).

Data were expressed as means+standard deviation (SD).
Paired samples ¢ test was performed to compare the expression
levels of miR-449a between osteosarcoma tumor tissues and
corresponding normal adjacent tissue. Chi-square test was used
to analyze the relationship between miR-449a expression and
clinicopathological characteristics. Student’s ¢ test was adopted
to compare quantitative data. Survival curves were plotted using
the Kaplan-Meier product-limit method, and differences be-
tween survival curves were tested using the log-rank test. Cox
regression analysis in a forward stepwise method was used to
evaluate the effect of multiple independent prognostic factors on
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Fig. 1 miR-449a was downregulated in human OS tissues and cell lines.
a miR-449a expression in 60 paired OS tumor tissues and corresponding
normal adjacent tissue (NATs) was detected by quantitative real-time
polymerase chain reaction (¢R7-PCR). b Kaplan-Meier curve for OS
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survival outcome. Differences were considered to be statistical
significant when P value was less than 0.05.

Results

miR-449a was downregulated in human OS tissues
and correlated with tumor stage and metastasis

We first analyzed miR-449a expression in 60 OS specimens
and corresponding normal adjacent tissues (NATs) by qRT-
PCR. As shown in Fig. 1, the expression level of miR-449a
was significantly downregulated in OS tissues compared with
that in NATs (P<0.0001, Fig. 1a).

high miR-449a expression (n=26)

Overall survival

P=0.018

T T T T
30.00 40.00 50.00 60.00

Months

T T
10.00 20.00

patients classified as high or low miR-449a expression. The P value
was calculated using the log-rank test. ¢ miR-449a expression in human
OS cell lines (MG-63, U20S, HOS, and Saos-2), and normal osteoblastic
cell lines hFOB 1.19 and NHOst were detected by qRT-PCR
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To determine the effects of miR-449a expression on tumor
progression, comparisons of the clinical pathological variables
with miR-449a expression in OS tissues were made. OS tis-
sues expressing miR-449a at levels less than the mean expres-
sion level (2-22¢'=0.478) were assigned to the low expres-
sion group (mean expression value 0.290, n=34), and those
samples with expression above the mean value were assigned
to the high expression group (mean expression value 0.723,
n=26). As shown in Table 2, low levels of miR-449a expres-
sion were associated with advanced tumor stage and distant
metastasis (P=0.001 and P=0.009, respectively). However,
there was no statistically significant correlation between
miR-449a expression and age (P=0.216), gender (P=0.281),
tumor site (P=0.616), tumor diameter (P=0.190), and differ-
entiation status (P=0.902).

Correlation between miR-449a expression and prognosis
of OS patients

As shown in Fig. 1b, Overall survival of patients with low
miR-449a expression was significantly shorter than survival
of those with high miR-449a expression (P=0.018). Univari-
ate analysis showed that tumor stage, distant metastasis, and
miR-449a expression were predictive factors for poor progno-
sis of patients with OS (P<0.001, P=0.004, and P=0.001,
respectively; Table 2). Multivariate analysis showed that ex-
pression level of miR-449a (P=0.017, hazard ratio (HR)=
0.824, 95 % confidence interval (CI) 0.374-1.277) was an
independent prognostic factor independent of other clinico-
pathologic factors, for instance, tumor stage and distant me-
tastasis (Table 2).

miR-449a was downregulated in OS cell lines and affected
cell proliferation, apoptosis, and tumorigenicity

We then examined the expression of miR-449a in four human
OS cell lines MG-63, U20S, HOS, and Saos-2 and two nor-
mal osteoblastic cell lines hFOB 1.19 and NHOst by using

RT-gqPCR. As shown in Fig. 1c, compared to the normal os-
teoblastic cells, all four OS cell lines showed significant
downregulation of miR-449a.

We then explored the potential effects of miR-449a on cell
growth in vitro and in vivo. To determine the effect of miR-
449a on cell proliferation and apoptosis, U20S and Saos-2
cells were transfected with mimic control and miR-449a mim-
ic. As shown in Fig. 2a, b, restoration of miR-449a decreased
cell viability in both of the OS cell lines. In addition, restora-
tion of miR-449a promoted cell apoptosis in U20S and Saos-
2 cells (Fig. 2c, d). We next investigated the effect of miR-
449a restoration on tumorigenicity in vivo. As shown in
Fig. 2e, f, miR-449a overexpression remarkably suppressed
tumor growth compared to that of mimic controls. However,
we did not found a cytotoxic effect of miR-449a overexpres-
sion on normal osteoblast cells (Fig. S1 A-D).

BCL2 was a direct target of miR-449

In order to further investigate the mechanisms responsible for
the apoptosis-promoting effect of miR-449a on OS, we next
sought to identify the molecular targets of miR-449a.
TargetScan 6.2 was used to screen the potential target gene
of miR-449a. Of the hundreds of predicted target genes in
TargetScan, we found that human BCL2, an important
antiapoptotic molecule, contained conserved putative miR-
449a target site (Fig. 3a). To determine whether BCL2 is di-
rectly targeted by miR-449a expression, we constructed lucif-
erase reporter plasmids containing BCL2 3'UTR or bearing
deletion of the putative miR-449a target site. By co-
transfection with miR-449a mimic, we found that the lucifer-
ase activity of the full-length BCL2 3'UTR reporter was sup-
pressed, while target site-deleted reporter failed to be targeted
by miR-449a co-transfection (Fig. 3b). In addition, endoge-
nous protein expression of BCL2 was also inhibited by miR-
449a expression in U20S and Saos-2 cells (Fig. 3c). We next
compared BCL2 protein expression between human normal
osteoblast cell lines and osteosarcoma cell lines. As shown in

Table 2  Univariate and multivariate analyses of overall survival in OS patients

Factors Univariate Multivariate
Hazard ratio 95 % CI P Hazard ratio 95 % CI P

Age, years (<18/>18) 0.947 (0.674-1.271) 0.661

Gender (male/female) 0.994 (0.543-1.520) 0912

Tumor diameter (<6/>6) 1.347 (0.839-2.077) 0.054

Differentiation status (high/low) 1.173 (0.714-1.804) 0.241

Tumor stage (I, TI/IIT) 5.574 (2.047-9.115) <0.001 4301 (2.121-7.364) 0.002
Distant metastasis (yes/no) 3.017 (1.734-6.721) 0.004 1.942 (1.377-5.540) 0.029
miR-449a expression (low/high) 0.741 (0.423-1.347) 0.001 0.824 (0.374-1.277) 0.017
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Fig. 2 miR-449a reduces cell A
viability, promotes cell apoptosis,

and suppresses tumorigenicity. a,

b U20S and Saos-2 cells were 1.59
transfected with mimic control or
miR-449a mimic as indicated.
Cell viability was measured in the
indicated time points post
transfection using CCK-8 assay.
¢, d Cell apoptosis was detected
48 h post serum deprivation using
Annexin V-FITC Apoptosis
Detection Kit. e, f Mimic control
or miR-449a mimic-transfected
U20S and Saos-2 cells were
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Fig. S1E, BCL2 protein expression was significantly down-
regulated in normal osteoblast cell lines in comparison to that
in osteosarcoma cell lines. We further compared BCL2 ex-
pression in paired human OS tissues and found that BCL2
protein level was also upregulated in miR-449a downregulat-
ed OS tissues (Fig. 3d). Taken together, these data demon-
strate that BCL2 is a direct target of miR-449a and further
suggest that miR-449a may exert its apoptosis-promoting ef-
fect through inhibition of BCL2 expression.
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To further confirm the proapoptotic effect of miR-
449a which was through targeting BCL2, we construct-
ed BCL2 stably overexpressed OS U20S and Saos-2
cells without 3'UTR sequence; thus, miR-449a could
no longer target BCL2 expression. BCL2 overexpression
was confirmed to be elevated by Western blot (Fig. 4a).
We found that cell apoptosis promoted by miR-449a
was significantly suppressed in BCL2 stably transfected
OS cells (Fig. 4b).



Tumor Biol. (2015) 36:8221-8229 8227
Fig.3 BCL2 direct target . o
o;gmiR- 449 avgzzsenlcreec arge A Conserved miR-449a target site in Bcl-2 3’'UTR
alignment of miR-449a and its
conserved target site in 3'UTR of human BCL2 3' UTR 5---UCGAAUCAGCUAUUU---------ACUGCCAA----3'
BCL2. b U20S and Saos-2 cells (188-210) | | | | I | | | | | | | |
were co-transfected with human . ) )
BCL2 3'UTR Firefly luciferase hsa-miR-449a 3'---UGGUCGAUUGUUAUGUGACGGU-----5
reporter plasmid or miR-449a B
target site-deleted reporter U20S 3 Bcl2 3 UTR repoter
plasmid, together with mimic 25 W Target site deleted
control or miR-449a mimic 2 *
plasmids as indicated. After 48 h, g 1.0 c
Firefly luciferase activity was i U20s Saos-2
measured and normalized by S s
Renilla luciferase activity. ¢ 2 Mimic miR-449a Mimic miR-449a
U20S and Saos-2 cells were 3 Control Mimic  Control Mimic
transfected as described in o0 NC miR 4492
Fig. 2a. After 48 h, human BCL2 BCl-2 iy v  ——
was detected by Western blot. d
Expression of BCL2 in paired 2 1® Saos-2
human OS tissues was detected é o B-actin T S T —
by Western blot. miR-449a 2 10
expression in these samples was §
also shown. Data shown are mean 3 05
+SD from three independent 2
experiments. **P<0.01 3
* NC miR-449a
D
N1 T1 N2 T2 N3 T3 N4 T4 N5 T5 N6 T6
Bcl-2 e — — D e — . R w— - —
B-actin — R ~—

§15

10

3

£05

5 0.0

N1

Discussion

It is supposed that downregulated miRNAs in cancers may
function as tumor-suppressor genes and vice versa [20]. Given
that miR-449a has been reported to be underexpressed in

A B
U20S
U20S Saos-2 -
e?’ :» év. :» %20-
Qoo & Qoo & H
Bol-2 |me W o s 1]
B-actin e e q—— <

04

oh
Fig.4 Proapoptotic effect of miR-195 is mainly through targeting BCL2.
a BCL2 expression in empty pcDNA vector or BCL2 expressing plasmid
stably transfected U20S and Saos-2 cells was detected by Western blot. b

T N2 T2 N3 T3 N4 T4 N5 T5 N6 T6

several malignant tumors and cancer cell lines, we presumed
that miR-449a may be a tumor inhibitor in osteosarcoma. In
the present study, we found that miR-449a was significantly
decreased in OS tissues and cell lines, which was consistent
with the precious reports in other malignant tumors. In
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addition, we found that low levels of miR-449a expression
were associated with advanced tumor stage and distant metas-
tasis. To our knowledge, our results indicated for the first time
that miR-449a was associated with tumor stage and metastasis
in OS. Moreover, follow-up data showed that five-year overall
survival of patients with low miR-449a expression was signif-
icantly shorter than survival of those with high miR-449a
expression, and low expression level of miR-449a was an
independent prognostic factor. These results indicated that
miR-449a may be a novel useful prognosis predictor indepen-
dent of other clinicopathologic factors for patients with OS. In
combination with previous reports revealing the roles of miR-
449a in some other types of cancer, we further confirmed that
miR-449a may function as a tumor suppressor.

The tumor-suppressive roles of miR-449a in OS were fur-
ther confirmed both in vitro and in vivo. In the CCK-8 and
apoptosis assays, it was shown that restoration of miR-449a
inhibited cell proliferation and promoted cell apoptosis in OS
U20S and Saos-2 cells. We next investigated the effect of
miR-449a restoration on tumorigenicity in vivo. We found
that miR-449a overexpression remarkably suppressed tumor
growth compared to that of mimic controls. Taken together,
our data suggest that miR-449a inhibits tumorigenicity of OS
cells in vitro and in vivo and further suggest the tumor-
suppressive role of miR-449a in OS. Our results were also
consistent with those in previous studies in gastric adenocar-
cinoma and bladder cancer [21, 22].

miR-449a could inhibit cell growth and induce cell apopto-
sis and senescence by regulation of key factors in cell cycle
and apoptosis. However, the precise molecular mechanisms
for the downregulation of miR-449a in OS remain unknown.
Of the hundreds of potential target genes for miR-449a pre-
dicted by TargetScan, the antiapoptotic BCL2 was selected for
study. Most recently, BCL2 has already been identified as
target of miR-449a by luciferase reporter assay in MGC-803
and SGC-7901 gastric adenocarcinoma cell lines [21]. Our
results agree with the observation that BCL2 is a direct target
of miR-449a. We demonstrated an inverse correlation between
miR-449a and BCL2 in OS tissues. In vitro overexpression of
miR-449a in OS cell lines significantly decreased BCL2 ex-
pression. Furthermore, luciferase reporter assay demonstrated
that miR-449a directly bound to the BCL2 3'UTR region,
suggesting that miR-449a may exert its proapoptotic function
via inhibiting BCL2 expression.

BCL2, an important antiapoptosis regulator protein, in-
hibits cell apoptosis through the mitochondrial pathway and
plays a crucial role in cell viability [23]. Loss of BCL2 gene
has been identified as a cause of a number of cancers, includ-
ing OS, and correlates with prognostic parameters and poor
survival in OS [24, 25]. BCL2 is also well accepted to protect
osteosarcoma cells from apoptosis [26, 27]. In the present
study, we further investigated whether the proapoptotic func-
tion of miR-449a was mainly through targeting BCL2. We

@ Springer

prepared BCL2 stably overexpressed U20S and Saos-2 cells
which expressed BCL2 mRNA without its 3'UTR sequence.
We found that cell apoptosis promoted by miR-449a was sig-
nificantly suppressed in BCL2 stably transfected OS cells.
Accordingly, by directly targeting the gene BCL2, miR-449a
inhibited BCL2 expression and downstream caspases 3 and 7
activation, then induced cell apoptosis. Our data provide the
first insights into the function of miR-449a in regulating cell
apoptosis in OS cells, at least partially through BCL2. How-
ever, as there were hundreds of predicted targets of miR-449a
discovered in the TargetScan prediction, and a single miRNA
has been proven to target multiple mRNAs to post-
transcriptional regulation, it is probable that other targets of
miR-449a may also participate in OS carcinogenesis. There-
fore, further studies are needed to identify the entire role of
miR-449a in OS progression.

In conclusion, the present results showed that miR-449a, a
significantly downregulated miRNA in OS, was associated
with advanced tumor stage and poor prognosis. We also dem-
onstrated that miR-449a played a crucial role in inducing ap-
optosis by directly targeting BCL2. Although the precise mo-
lecular mechanisms require further study, miR-449a provides
new insights into prognostic diagnosis and therapeutic strate-
gies for patients with OS.
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