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The downregulation of miR-144 is associated with
the growth and invasion of osteosarcoma cells
through the regulation of TAGLN expression
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Abstract. Alterations in the expression of microRNAs
(miRNAs or miRS) have been implicated in the pathogenesis
of the majority of human malignancies, and the dysregulation
of microRNA-144 (miR-144) has been associated with several
diseases. However, the potential involvement of miR-144 in
osteosarcoma, a common malignant bone tumor in children
and adolescents with a high risk of relapse and metastasis,
has not yet been fully investigated. In the present study, we
examined the expression and roles of miRNAs in osteosar-
coma as potential diagnostic markers and therapeutic targets,
and we focused on miR-144 due to its known involvement in
osteogenesis. We demonstrate that miR-144 is downregulated
in osteosarcoma cell lines and primary human osteosarcoma
tissue samples and that its ectopic expression inhibits osteo-
sarcoma cell proliferation and invasion. We identified TAGLN
as a downstream target of miR-144 and demonstrated that its
expression is upregulated in osteosarcoma cell lines and tumor
tissue and is inversely correlated with miR-144 expression. Our
results indicate that miR-144 may regulate osteosarcoma cell
proliferation and invasion by downregulating its target gene,
TAGLN, suggesting that miR-144 may be a potential thera-
peutic target for the treatment of osteosarcoma.

Introduction

Osteosarcoma is the most common human primary malignant
bone tumor in children and adolescents (1). It is associated with
a high risk of local relapse or distant metastasis even after cura-
tive resection of the primary tumor and intensive chemotherapy.
The 5-year survival rate for patients with osteosarcoma has
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improved significantly over the past few decades, reaching rates
of approximately 60-70% since the introduction of combination
chemotherapy (2). Although treatment with a combination of
chemotherapy and aggressive surgical resection has markedly
improved the prognosis of patients with osteosarcoma, approx-
imately 80% of patients develop metastatic disease following
surgery. Therefore, the identification of metastasis-associated
molecules and the elucidation of the mechanisms contributing
to invasion in osteosarcoma are essential.

microRNAs (miRNAs or miRs) are short, non-coding
RNAs that regulate mRNA stability and protein translation by
binding to their target mRNAs (3). Increasing evidence suggests
that miRNAs play a role in the regulation of diverse biological
processes (4). Since their initial identification, approximately
1,000 miRNA sequences have been identified in mammals (5).
In humans, miRNAs regulate up to 30% of human genes
representing the majority of genetic pathways (6). miRNAs
are often deregulated in human malignancies and they have
been implicated in the regulation of a number of cellular
processes, including proliferation, differentiation, apoptosis
and metastasis (7). The aberrant expression of miRNAs occurs
in many types of cancer (8-10). miRNAs have been character-
ized as oncogenes, tumor suppressors or as components of
regulatory pathways critical for tumorigenesis, supporting an
important role for miRNAs in tumorigenesis and metastasis.
However, the evaluation of deregulated miRNAs and their
roles in cancer development, particularly in osteosarcoma, is
an ongoing process (11).

The role of miRNAs in the development of osteosarcoma
has attracted increasing attention. Certain miRNAs, including
miR-143, miR-133a and miR-376¢ play a role in the initiation
and progression of osteosarcoma and modulate the biological
properties of cancer cells (12-14). Recently, the miR-144/
miR-451 cluster was found to be downregulated in osteosar-
coma cells (15); however, its potential role in osteosarcoma
carcinogenesis and progression remains unknown.

In the present study, we investigated the differential
expression of miR-144 in osteosarcoma cells and in clinically
resected human osteosarcoma tissue samples. We demonstrate
that miR-144 is downregulated in osteosarcoma cells and
tissue, identifying TAGLN as a target gene for miR-144. We
examined the correlation between the deregulation of miR-144
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and the expression of TAGLN in osteosarcoma to elucidate
their role in the growth and invasion of osteosarcoma cells.
Our data indicate that miR-144 may regulate osteosarcoma
cell proliferation and invasion by downregulating TAGLN,
suggesting that miR-144 is a potential therapeutic target for
the treatment of osteosarcoma.

Materials and methods

Materials. A total of 60 pairs of cancer tissue and corre-
sponding normal tissue samples were collected from patients
with primary osteosarcoma who received surgery between
2009 and 2011 at Jinshan Hospital, Fudan University School
of Medicine (Shanghai, China). Surgically removed tissues
were snap frozen in liquid nitrogen overnight and kept at -80°C
before use. Each specimen was verified histopathologically
and scored according to the TNM staging system. The study
protocol was approved by the Ethics Committee of Fudan
University, Shanghai, China. All samples were collected after
obtaining informed consent from all patients.

RNA extraction and reverse transcription-quantitative PCR
(RT-gPCR). Total RNA was isolated from the osteosarcoma cell
lines and tumor tissue samples using the miR Neasy kit (Qiagen,
Valencia, CA, USA). To detect miRNA expression, RT-qPCR
was performed using the SYBR RT-PCR kit (Takara, Shiga,
Japan). The primers for TAGLN were as follows: 5-AATGGCG
TGATTCTGAGCAA-3' (forward) and 5'-CGATGCCTGCTG
GAGCCGTCTA-3' (reverse). The relative expression level of
TAGLN was normalized to the internal control, B-actin. Stem-
loop RT primers for miR-144 were as follows: 5-GCTGGGA
TATCATCATATACTG-3' (forward) and 5-CGGACTAGTA
CATCATCTATACTG-3' (reverse), as previously described (16).
The primers used for quantitative PCR were as follows:
5-ACACTCCAGCTGGGTCATGTA GTAGATA-3' (forward)
and 5-CTCAACTGGTGTCGTGGAGTCGGCAATTCAG
TTGAGATGTCATA-3' (reverse). The relative expression level
of miR-144 was normalized to that of the internal control U6
by using the 222¢ cycle threshold method, as previously
described (17).

Cell culture and transfection. The human normal osteoblastic
cell line, hFOB1.19, and the human osteosarcoma cell lines,
MG63, U20S and HOS, were obtained from the American
Type Culture Collection (ATCC, Manassas, VA, USA) and
cultured in Dulbecco's modified Eagle's medium (DMEM)
(Invitrogen, Carlsbad, CA, USA) supplemented with heat-inac-
tivated 10% fetal bovine serum (FBS) at 37°C in a humidified
incubator with 5% CO,.

The procedure used for miR-144 eukaryotic expression
vector construction was as previously described (7). The
following primers were used for PCR amplification of the
pri-miR-144 and native flanking sequence: 5'-GGATCCCAC
AGTGCTTTTCAAGCCATG-3' and 5-AAGCTTAGTGCC
CTGGCAGTCAGTAGG-3'". The amplified fragments were
then cloned into the pcDNA3.1 vector (Invitrogen) and verified
by sequencing.

Transfection was performed using Lipofectamine 2000
transfection reagent (Invitrogen) according to the manufac-
turer's instructions. For establishing stable transfectants, the
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miR-144 mimics or negative control (NC) RNA-tansfected
HOS and U20S cells were selected for 6 weeks in the presence
of G418 (400 ug/ml). Control cells were transfected with empty
vector. The expression of miR-144 in the stably transfected
cells was evaluated by RT-qPCR. TAGLN shRNA Lentivirus
(TAGLN-shRNA) and Negative Control shRNA Lentivirus
(shRNA-NC) purchased from Santa Cruz Biotechnology, Inc.
(Dallas, TX, USA) were used to tansfect the HOS and U20S
cells following the manufacturer's instructions and stably
tansfected cells were selected by puromycin (Sigma, St. Louis,
MO, USA).

Cell growth and invasion assay. The in vitro proliferation of
the HOS and U20S cells transfected with miR-NC, miR-144
mimics, TAGLN-shRNA or shRNA-NC was measured by
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay as previously described (12). Briefly, the cells
were seeded onto 96-well plates and at the indicated periods to
time, 100 ul of medium was removed and replaced with fresh
medium containing 0.5 mg/ml MTT solution. The plates were
incubated at 37°C for 4 h and then the medium was replaced by
100 u1 DMSO and the plates were shaken at room temperature
for 10 min. Absorbance was measured at 570 nm.

The invasive potential of the cells was evaluated using
Transwell inserts with 8 mm pores (Corning Inc., Corning, NY,
USA). For invasion assay, at 24 h after transfection, 3.0x10° cells
in serum-free medium were added to each upper insert pre-
coated with Matrigel matrix (BD Biosciences, Bedford, MA,
USA). Approximately 500 ml of 10% FBS medium was added
to the matched lower chamber. After 48 h of incubation, the
non-invading cells were removed from the upper surface of the
Transwell membrane with a cotton swab, and the invading cells
on the lower membrane surface were fixed in methanol, stained
with 0.1% crystal violet, photographed and counted. Six random
fields at x100 magnification for each insert were counted. The
inserts were analyzed in triplicate in 3 separate experiments.

3" Untranslated region (3' UTR) luciferase reporter assay. The
micro-RNA database (www.microRNA .org) was used to find
the putative miR-144 binding site in the 3' UTR of TAGLN
(433 bp). The psiCHECK-2-TAGLN-3'UTR-wt vector or the
psiCHECK-2-TAGLN-3'UTR-mut vector were co-transfected
with control, miR-NC or miR-144 into the HOS cells using
Lipofectamine 2000 (Invitrogen). Subsequently, reporter
gene assays were performed 48-h post-transfection using the
Dual Luciferase Reporter assay system (Promega, Madison,
WI, USA) according to the manufacturer's instructions.
The normalized firefly luciferase activity was obtained by
measuring firefly luciferase activity/Renilla luciferase activity.
All experiments were performed at least 3 times.

Tumorigenicity assay in nude mice. A total of 54 BALB/c
athymic nude mice were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd. (Shanghai, China). All animal
protocols and procedures were approved by the Institutional
Animal Care Utilization Committee, and were in accordance
with the Johns Hopkins Animal Care and Use Committee
guidelines. HOS cells stably transfected with miR-144 mimics,
negative control (NC) RNA and control (1x10%) were suspended
in 0.1 ml PBS and then injected subcutaneously into either side



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 34: 1565-1572, 2014 1567
A B C os P<0.081
R=-0.455
0.6
g 121 g £ 0.4
Z = * =
£ 1.0 g 2
g 0381 3 0.4 3 03
3 I 3
- 0.64 - D
& & % 02
E 04 * E =
2 * 2 0.2 2
g 02 * . k Z 01
s 9.
g . _ , g &
hFOB HOS  MG63 U208 .
| 0]
N T 1 IIA 1B 11

Figure 1. miR-144 is downregulated in osteosarcoma cell lines and clinical human osteosarcoma tissue samples. (A) miR-144 is downregulated in osteo-
sarcoma cell lines (MG63, U20S and HOS) in comparison with a control osteoblast cell line (hFOB1.19; hFOB). (B) miR-144 is downregulated in human
osteosarcoma tissue samples (T) in comparison with paired adjacent normal tissue samples (N). The expression of miR-144 was normalized to that of U6 in
each sample. Data are the means + SD (n=4) in cell lines (A) or as the horizontal lines (median), the boxes (interquartile range), and the whisker plots (2.5th and
97.5th percentiles) in human samples. (C) miR-144 downregulation correlates with the progression of osteosarcoma. In the 60 human osteosarcoma tissues,
the correlation between miR-144 expression and tumor stages I to III was analyzed by Spearman's rank correlation assay with SPSS 17.0 software; the R and
P-values are indicated. Data are shown as in (C) of miR-144 expression in each stage. "P<0.05.

of the posterior flank of the same BALB/c athymic nude mice
at 4 weeks of age. Tumor growth was measured using calipers
weekly, and tumor volume was calculated according to the
following formula: volume = length x width® x 0.5.

Western blot analysis. Lysates obtained from the cells and
tissue samples were extracted using the M-PER Protein
Extraction Reagent (Pierce, Rockford, IL, USA), and the protein
content was quantified using the BCA assay (Pierce). Equal
amounts of extracts were subjected to SDS-PAGE, transferred
onto polyvyniledene difluoride membranes and probed with
primary antibodies against TAGLN (Sigma), matrix metal-
loproteinase 2 (MMP2; Abcam, Cambridge, MA, USA) and
[-actin followed by the appropriate secondary antibodies (Cell
Signaling Technology). Densitometric analysis was performed
using LabWorks image acquisition and analysis software (UVP,
Upland, CA, USA).

Statistical analysis. Data are presented as the means + SD.
Statistical comparisons between groups were analyzed using a
two-tailed Student's t-test and a P-value <0.05 was considered
to indicate a statistically significant difference. The correlation
between miR-144 expression and clinical osteosarcoma stages
was analyzed using the Spearman's rank correlation assay with
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). The corre-
lation between miR-144 expression and TAGLN mRNA levels
was analyzed using the Spearman's correlation coefficient
assay with SPSS 17.0 software.

Results

miR-144 is downregulated in osteosarcoma. To determine the
role of miR-144 in the development of human osteosarcoma,
we analyzed miR-144 expression in the human osteosar-
coma cell lines, MG63, U20S and HOS, by RT-qPCR and
compared it to that in the normal human osteoblastic cell line,
hFOBI.19. The results revealed that miR-144 was significantly

downregulated in the osteosarcoma cell lines compared to the
normal osteoblastic cells (Fig. 1A; P<0.05). We then analyzed
miR-144 expression in the paired human osteosarcoma tumor
tissue and adjacent normal tissue samples; the results revealed
a significant downregulation of miR-144 expression in tumor
tissues compared to adjacent normal tissues (Fig. 1B; P<0.05).
To determine whether the downregulation of miR-144 is corre-
lated with the progression and development of osteosarcoma,
we used Spearman's rank correlation, which revealed a signifi-
cant negative correlation between miR-144 expression in tumor
tissue and clinical stage (Fig. 1C). These results suggest that
the downregulation of miR-144 expression plays a role in the
progression of osteosarcoma.

miR-144 inhibits osteosarcoma cell growth and invasion. To
further investigate the biological role of miR-144 in osteo-
sarcoma tumor progression, the HOS and U20S cell lines
were infected with lentivirus carrying a negative control
miR (miR-NC) or miR-144 mimics and miR-144 expression
was analyzed by RT-qPCR 72 h after infection. The results
revealed that miR-144 expression was significantly upregulated
in the miR-144-infected cells compared to the cells infected
with miR-NC (Fig. 2A) (P<0.01). To determine the effects of
miR-144 on osteosarcoma cell growth, the viability of the HOS
and U20S cells treated as described above was assessed by
MTT assay at the indicated time points. The results revealed
that transfection with miR-144 mimics significantly decreased
the growth of osteosarcoma cells compared to the control- or
miR-NC-transfected cells (Fig. 2B; P<0.05 at 72 and 96 h).
Furthermore, the assessment of cell invasion by Transwell
assay revealed a significant impairment in the invasive ability
of the cells expressing miR-144 mimics compared to that of the
control- or miR-NC-transfected cells (Fig. 2C; P<0.05).

TAGLN expression is upregulated in osteosarcoma and corre-
lates with miR-144 expression. To examine the correlation
between miR-144 and TAGLN in osteosarcoma, the expression
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Figure 2. miR-144 suppresses osteosarcoma cell migration and invasion. (A) miR-144 expression levels were upregulated significantly in the HOS and U20S
cells transfected with miR-144 compared with the control and miR-NC-transfected cells, as shown by RT-qPCR. (B) Osteosarcoma HOS and U20S cells
were transfected with control RNA or miR-144 mimics as indicated. Cell proliferation was measured at the indicated time periods of time post transfection
by MTT assay. (C) Upregulation of miR-144 significantly inhibited cell invasion as quantified by cell counting. Similar results were obtained in 3 independent
experiments. "P<0.05, “P<0.01.
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Figure 3. TAGLN expression is upregulated in osteosarcoma. (A) TAGLN expression was upregulated in osteosarcoma cell lines (MG63, U20S and HOS)
compared with a control osteoblast cell line (hFOB1.19; hFOB), as determined by RT-qPCR. (B) TAGLN was upregulated in human osteosarcoma tissues
in comparison with paired adjacent normal tissues. (C) Spearman's correlation analysis was used to determine the correlation between the expression levels
of TAGLN and miR-144 in osteosarcoma tissues by SPSS software (O, expression of miR-144 and TAGLN in normal bone and myeloid tissue samples and
osteosarcoma tissue samples relative to zero) (Spearman's correlation analysis, R=-0.465; P<0.001). Data are presented as in (C) of TAGLN expression and as in
Fig. 1C of miR-144 expression at each clinical stage. "P<0.05.

of TAGLN was analyzed by RT-qPCR in the osteosarcoma cell ~ osteosarcoma cell lines, U20S and HOS, than in the control
lines and primary tumor tissue samples. The results revealed  human osteoblast cell line, hFOB1.19 (Fig. 3A; P<0.05), and it
that the TAGLN mRNA level was significantly higher in the = was significantly higher in the human primary osteosarcoma
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Figure 4. Effect of TAGLN-siRNA on the growth and invasion of osteosarcoma cells. (A) HOS and U20S cells were transfected with a TAGLN-siRNA
or control-shRNA. TAGLN protein levels were quantified by western blot analysis. The expression of TAGLN was decreased in the cells transfected with
TAGLN-siRNA when compared with the cells transfected with siIRNA-NC and the control. (B) Downregulation of TAGLN expression in HOS and U20S cells
suppressed cell growth. (C) Downregulation of TAGLN expression decreased the invasive capacity of HOS and U20S cells. "P<0.05.

tumor tissue samples than in the adjacent normal tissue samples
(Fig. 3B; P<0.05). To identify a potential correlation between
the expression of miR-144 and TAGLN in osteosarcoma tissue,
we used Spearman's correlation, which revealed a significant
inverse correlation between miR-144 and TAGLN mRNA
expression (Fig. 3C; R=-0.465, P<0.001), confirming that the
downregulation of miR-144 is associated with the upregulation
of TAGLN in osteosarcoma.

TAGLN silencing inhibits osteosarcoma cell growth and inva-
sion. To further determine whether TAGLN is the primary
regulator of cell invasion and migration in osteosarcoma,
TAGLN was stably silenced in the HOS and U20S cells. The
cells were transfected with TAGLN-shRNA and stable trans-
fectants were obtained after 48 h. The expression of TAGLN
was determined by western blot analysis, which revealed that
the protein levels of TAGLN were significantly decreased in
the HOS and U20S cells (both P<0.05). HOS and U20S cells
stably depleted of TAGLN were cultured and cell viability
and invasion were assessed by MTT and Transwell assays.
As shown in Fig. 4B, the depletion of TAGLN significantly
(P<0.05) reduced the viability of the HOS and U20S cells
compared with the respective negative control shRNA-trans-
fected cells. The results of Transwell assay revealed that the

silencing of TAGLN significantly inhibited the invasive ability
of the HOS and U20S cells compared to that of the control- or
negative control shRNA-transfected cells (Fig. 4C; P<0.05).

miR-144 directly targets TAGLN. Potential miR-144 binding
sites in the 3' UTR of TAGLN were predicted using micro-
RNA.org (www.microRNA.org). A sequential replacement
of a 5 base pair region was performed to produce a mutant
vector (Fig. 5A). To further investigate whether the predicted
binding site of miR-144 in the 3' UTR of TAGLN is responsible
for the interaction, the 3' UTR of TAGLN was cloned down-
stream to a luciferase reporter gene (Wt-TAGLN), and a mutant
version (mut-TAGLN) was generated by binding site muta-
genesis. The wt-TAGLN vector or mut-TAGLN with control,
negative control or miR-144 mimics was cloned into the HOS
cells and the luciferase activity was determined. The results
revealed that the luciferase activity of the miR-144-transfected
cells was significantly reduced compared with that of the
negative control-transfected cells (Fig. 5B). To further confirm
that TAGLN is a direct target of miR-144, the protein levels
of TAGLN were assessed by western blot anlaysis in the cells
transfected with miR-144 mimics, which indicated that the
exogenous expression of miR-144 significantly downregulated
TAGLN expression in the HOS and U20S cells (Fig. 5C).



1570

A

3’ UTR of TAGLN

wt-TAGLN S’...cccc?!}liitlt,iﬁctlllfCll.l:?‘Zl:lJlGlLllc.,.3
miR-144 37 ucauGUAGUAGll\U!I\U(IB.?C,?u 5
mut-TAGLN 5°...ccccCCUAACAUCUCCUAUCc...3
S M1 acontrol  @mRNC  omiR144
2 1204
s
s 100
L]
2 80
a *
< 601
o
2
2
- 209
£ o
wt-TAGLN mut-TAGLN

ZHAO et al: miR-144 INHIBITS THE GROWTH AND INVASION OF OSTEOSARCOMA CELLS BY TARGETING TAGLN

C

HOS

Control miR-NC  miR-144

TAGLN T T

Pactin g

U208

Control miR-NC  miR-144

TAGLN s S o m—

pacin M, A —

Figure 5. TAGLN is a direct target of miR-144. (A) Sequence alignment of miR-144 and its predicted target site in the 3' UTR of TAGLN are shown as
indicated. Data were downloaded from microRNA .org (http://www.microrna.org). (B) HOS cells were co-transfected with a TAGLN 3' UTR firefly luciferase
reporter plasmid and Renilla plasmids, control RNA or miR-144 mimics as indicated. After 48 h, firefly luciferase activity was measured and normalized to
Renilla luciferase activity as indicated and calculated as the ratio of firefly/Renilla activities in the cells and normalized to those of the control. The results are
presented as the means + SD from 3 independent experiments with each experiment performed in triplicate. (C) TAGLN protein expression was decreased by
miR-144 when compared with that of the cells transfected with miR-NC and the control, as shown by western blot analysis.

01 /g;}}

miR-144
overexpression

TAGLN

control -shRNA

MMP2 s —

P-actin  comm— — —

A B s
Control . ’ —a- Control
- 0.5 <-4~ miR-NC
E -%- miR-144
- 04
g
2 03]
miR-NC 4
~ g 0.2
£
e
0 —-4.‘17!-/’
miR-144 @ & & E

(it

Figure 6. Effect of miR-144 overexpression on tumorigenicity. (A) miR-144 attenuated tumor growth in nude mice (the tumors were obtained at 6 weeks after
subcutaneous injection). (B) Tumor growth was measured and volume curves were drawn as indicated. Data are expressed as the means + SD (n=4) or pre-
sented separately for one representative experiment. Similar results were obtained in 3 independent experiments. (C) MMP-2 expression was downregulated
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miR-144 overexpression inhibits tumorigenicity. The osteosar-
comacellline, HOS, was stably transfected with miR-144 mimics
and negative control (NC) RNA, as previously described (18)
and implanted subcutaneously into nude mice to examine
tumorigenicity in vivo. The effects were most prominent in the
first week after inoculation, in which a significant suppression
of tumorigenicity by miR-144 was observed as determined by
the significantly smaller tumors formed in the mice (Fig. 6A).
Fig. 6B shows the reduction in tumor volume in mice carrying
miR-144-overexpressing tumors compared to the control mice
or mice transplanted with negative control-transfected cells. To
confirm the effects of miR-144 and its target, TAGLN, on inva-
sion in vivo, the expression of proteins involved in cell adhesion
and migration was determined. The results revealed that the

expression of MMP2 was downregulated by TAGLN-siRNA
or by miR-144 overexpression (Fig. 6C). Taken together, these
results indicate that miR-144 functions as a tumor suppressor

in osteosarcoma through the modulation of its target gene,
TAGLN.

Discussion

Osteosarcoma is the most common human primary malignant
bone tumor and is associated with an aggressive clinical
course. In recent years, the investigation of the signaling path-
ways that regulate osteosarcoma carcinogenesis, invasion and
metastasis has gained increasing attention (19,20), in particular
the identification of deregulated miRNAs and their role in the
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development of osteosarcoma (12-14). Recent accumulating
evidence suggests that the aberrant expression of miRNAs in
cancer is not a random event, but rather plays an important role
in tumorigenic processes (6,10). Studies on tumor invasion and
metastasis have revealed the critical role of miRNAs (7,21-24)
in these processes, and have provided potential therapeutic
targets for anti-metastatic therapies.

The TAGLN gene codes for transgelin, an actin stress fiber
binding protein that plays a role in cell growth, differentia-
tion, migration invasion and matrix remodeling by stabilizing
the cytoskeleton through actin binding (25-27). Previous
studies have demonstrated that the expression of TAGLN is
significantly reduced in tissues of the urinary bladder, renal
cell carcinoma and colorectal carcinoma compared to matched
normal tissues (28-30). In colorectal carcinoma, the overex-
pression of TAGLN has been shown to decrease proliferation
and invasion (29), supporting a role for transgelin as a tumor
suppressor. However, the increased expression of transgelin has
been reported in colorectal adenocarcinoma, prostate carci-
noma, hepatocellular carcinoma, gastric, pancreatic and colon
cancer (26,31-35). Elevated levels of transgelin have been shown
to significantly increase the invasiveness of tumor cells (26),
whereas reduced transgelin expression markedly interferes
with invasiveness (36). In gastric carcinoma, the upregulation
of TAGLN expression promotes tumor metastasis, and the
effects of increased TAGLN expression on enhancing tumor
cell invasion and migration are mediated by the upregulation of
the expression of MMP?2 (37). Previous studies have shown that
MMP2 regulates cell migration and invasion in cancer and its
activity is, therefore, linked to the process of metastasis (38-40).

In the present study, we hypothesized that miR-144 may be
involved in the metastatic process in osteosarcoma. We first
identified TAGLN as a direct target of miR-144 and confirmed
their interaction. We then demonstrated that miR-144 inhibited
osteosarcoma cell invasion by targeting TAGLN. Our RT-qPCR
results revealed that miR-144 was downregulated in osteosar-
coma cell lines, which was consistent with the results obtained
in 60 osteosarcoma tissue samples. Conversely, we showed
that TAGLN was upregulated in osteosarcoma cell lines and
tissue samples. The exogenous expression of miR-144 or the
knockdown of TAGLN expression in the HOS and U20S cells
resulted in the inhibition of cell growth and invasion as deter-
mined by MTT and Transwell assays. Furthermore, miR-144
levels negatively correlated with the TAGLN mRNA levels in
osteosarcoma tissue samples, confirming the importance of
the molecular association between miR-144 and TAGLN. The
results of a luciferase reporter assay confirmed that miR-144
directly targets the TAGLN gene by binding to a specific
complementary site within its 3' UTR, resulting in the suppres-
sion of TAGLN expression by miR-144. Furthermore, the
expression of MMP2 was downregulated by TAGLN-siRNA
or by miR-144 overexpression. Despite our findings showing an
association between miR-144 and TAGLN and their effects on
the expression of invasion-related molecules, further investiga-
tion is required to elucidate the specific mechanisms underlying
their effects on the metastatic potential of osteosarcoma cells.
Nevertheless, our findings provide clear evidence that miR-144
plays a tumor suppressive role, inhibiting cellular proliferation
and invasion, at least in part through the downregulation of
TAGLN expression.
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In the present study, we identified TAGLN as a direct target
of miR-144 in osteosarcoma, suggesting that miR-144 exerts
its anti-metastatic effects by inhibiting TAGLN expression.
Previous studies have indicated that human zinc finger protein,
X-linked (ZFX), enhancer of zeste homolog 2 (EZH?2) and phos-
phatase and tensin homolog (PTEN) are molecular targets of
miR-144 and they all participate in cancer development (41-44).
Our data suggest that the anti-metastatic effects of miR-144 in
osteosarcoma cells are mediated mainly through the inhibition
of its target, TAGLN. However, a single miRNA can target
multiple mRNAs to modulate gene expression (45). Hence, other
miR-144 targets may exist that have not yet been identified, and
their effects on osteosarcoma carcinogenesis and progression
remain to be elucidated. Future studies are required to identify
the targetome and roles of miR-144 in cancer development.

In conclusion, to the best of our knowledge, we describe for
the first time a miR-144/TAGLN link and provide a potential
mechanism for TAGLN deregulation and its contribution to
osteosarcoma cell proliferation and invasion. Further studies
are required focusing on elucidating the precise regulatory
mechanisms of miR-144 and its contribution to the prolifera-
tion and invasion of osteosarcoma cells.
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