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Long non-coding RNA H19 regulates LASP1 expression in
osteosarcoma by competitively binding to miR-29a-3p
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Abstract. A prevalent type of bone tumor, osteosarcoma (OS)
is prone to pulmonary metastasis, which results in a high relapse
risk and poor prognosis for patients. The progression of OS is
significantly associated with the expression of long non-coding
(Inc)RNA H19. To the best of our knowledge, however, the
exact molecular mechanism of this IncRNA has not been fully
investigated. The present study verified the effect of H19 on
the proliferation and invasion of osteosarcoma cells via in vivo
and in vitro experiments, including Cell Counting Kit-8,
western blot, reverse transcription-quantitative PCR, wound
healing and Transwell assays. H19 was found to be overex-
pressed in OS compared with corresponding normal adjacent
tissue. In addition, H19 served as a competing endogenous
ncRNA targeting microRNA-29a-3p and activating LIM and
SH3 domain protein 1 and modulating the OS cell phenotype.
The results of the present study may improve understanding of
OS pathogenesis.

Introduction

Osteosarcoma (OS) is the most common malignant bone tumor
that occurs in the metaphysis of long bones in adolescents;
the global annual incidence of OS is 1-3 cases per million
individuals (1). The clinical characteristics are atypical symp-
toms at onset, high degree of malignancy, distant metastasis
at the early stage and poor prognosis. The current treatment
options for OS include neoadjuvant chemotherapy, radiation
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and surgery, however the clinical prognostic rate has not been
significantly improved by these therapies. It was previously
reported that the primary explanation for the poor clinical
prognosis of this disease is that the current treatment methods
do not effectively inhibit distant metastasis; furthermore, drug
resistance and recurrence are commonly observed in patients
with OS (2). In addition, the pathogenesis of OS remains
unclear. The rapid development of advanced molecular
biology methods as immunotherapy and targeted therapy has
enabled the application of new technologies to investigate the
pathogenesis of OS and provide novel therapeutic strategies
for this disease (3).

Recently, numerous molecular markers have been identi-
fied for the characterization and prognostic determination
of OS (4). Among these markers, several long non-coding
(Inc)RNAs, which regulate numerous cellular processes,
including those involved in OS progression, may represent
novel therapeutic targets (5-8). Several studies have shown that
IncRNAs serve key roles in multiple cellular processes, such
as proliferation and apoptosis, by regulating the expression
of microRNAs (miRNAs/miRs) (9-12). The IncRNA H19 has
been identified as a promising miR regulator that may also
be involved in the progression of OS (13). The fundamental
mechanisms of H19 in OS have not been fully investigated but
may be associated with the regulation of cell proliferation and
invasion.

Animals, plants and several viruses contain miRs, which
serve specific post-transcriptional regulatory roles in gene
expression (14-16). miRs affect the proliferation, invasion
and metastasis of OS, as well as tumor angiogenesis (17,18).
miR-29a has been reported as a tumor suppressor in breast
cancer, oral squamous cell and hepatocellular carcinoma
and acute myeloid leukemia (19-22). Although the roles of
miRs in regulating target genes and some of their regulatory
mechanisms have been determined, their contributions to the
development of specific diseases remain unclear (23). The
investigation of their function and pathogenic mechanisms
may provide novel strategies for the treatment of OS.

LIM and SH3 domain protein 1 (LASP1) is a specific focal
adhesion protein originally identified in axillary metastatic
lymph nodes of patients with breast cancer. Recent studies
have shown that LASP1 is involved in many biological and
pathological processes (24-26). It is highly expressed in a
variety of cancers, such as breast, gallbladder, colorectal,
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non-small cell lung and ovarian cancer (27-30). It is associ-
ated with poor clinical prognosis and is a new oncogene (31).
Li et al (30) demonstratroved that high expression of LASP1 is
associated with metastasis and poor prognosis of gallbladder
cancer. In vitro experiments found that the lack of LASP1
inhibits cell cycle progression and cell migration and the
overexpression of LASPI is also associated with poor overall
survival rate of patients with liver cancer (32). In human liver
cancer specimens, the level of LASP1 mRNA can be used as a
potential indicator during patient follow-up and monitoring of
disease progression from cirrhosis to liver cancer. To the best
of our knowledge, however, the expression of LASP1 in OS
and its effect on the proliferation and invasion of OS cells have
not been reported.

The present study aimed to investigate the expression
levels of H19 in OS and determine whether it regulates the
expression of LASP1 by competitively binding to miR-29a-3p.
The effect of H19 on OS was investigated by Cell Counting
Kit (CCK)-8, western-blot, reverse transcription-quantitative
(RT-q)PCR, wound healing and Transwell assays. The
aim was to elucidate whether H19 is a novel competitive
endogenous ncRNA involved in the proliferation, invasion
and metastasis of OS cells, investigate the function of the
H19/miR-29a-3p/LASP1 regulatory network in this process
and determine whether targeting this pathway may provide
novel approaches to the treatment of OS.

Materials and methods

Tissue samples. OS tissue samples [osteoblastic type by
Dahlin standard (33)] and adjacent tissue (distance, 2-3 cm)
were collected from six patients (four males and two females;
mean age, 35.12+1.18 years) with OS diagnosed at the First
Affiliated Hospital of Harbin Medical University (Harbin,
China) from June 2018 to June 2019 who had undergone
surgery. Inclusion criteria were as follows: i) no other
distant metastatic lesions; ii) OS diagnosed by preoperative
puncture or postoperative pathology; iii) no history of other
tumors; iv) no other disease affecting the treatment process
and v) no preoperative treatment. Exclusion criteria were as
follows: 1) multiple lesions at the first diagnosis; ii) lesions
located outside the limbs and iii) other diseases affecting the
progression of treatment. Following collection, the six pairs of
samples were immediately snap-frozen and stored at -80°C for
subsequent RNA extraction. The present study was approved
by the Research Ethics Committee of Harbin Medical
University and written informed consent was provided by all
subjects.

Cell culture and transfection. The Cell Bank of Type Culture
Collection of The Chinese Academy of Sciences provided
all experimental cell lines used, including human osteoblasts
(hFOB 1.19) and OS cells (MG-63 and Saos-2). The cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
HyClone; Cytiva) supplemented with 10% fetal bovine serum
(Biological Industries; Sartorius AG) in a humidified envi-
ronment at 37°C and 5% CO,. miR-29a-3p mimic (50 nM)
and anti-miR-oligonucleotides (AMO)-miR-29a-3p inhibitor
(100 nM; Table I) were transfected for 24 h at 37°C which were
used to overexpress and inhibit expression of miR-29a-3p,

and small interfering (si)RNA non-targeting sequence
against human H19 (5-CCTCTAGCTTGGAAATGAA-3';
50 nM) were constructed by Guangzhou RiboBio Co., Ltd.
and transfected for 24 h at 37°C. The cells were transfected
according to the manufacturer's instructions (X-tremeGENE
siRNA Transfection Reagent; Roche Diagnostics).

RNA extraction and RT-qPCR. Total RNA from tissues
and cells was extracted using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) and RNA concentration was
estimated using a NanoDrop spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.). The RT-qPCR
primers were obtained from Invitrogen (Thermo Fisher
Scientific, Inc.). cDNA was synthesized from total RNA and
the relative mRNA and non-coding RNA levels were deter-
mined using a RT kit (Toyobo Life Science). The expression
levels of miR-29a-3p were determined by normalization to
U6 small nuclear RNA by the 2244 method (34). An ABI
7500 Sequence Detection System (Thermo Fisher Scientific,
Inc.) and SYBR-Green Real-Time PCR Master Mix (Toyobo
Life Science) were used to perform RT-qPCR according to
the manufacturer's instructions. A total of 20 ul PCR reac-
tion mixture consisting of 1 ul reverse primers, 1 ul forward
primers, 10 1 SYBR-Green Master Mix, 6 ul DEPC and 2 ul
synthesized cDNA was used. GAPDH was used as an internal
control. RT was performed as follows: 25°C for 10 min, 37°C
for 120 min, 85°C for 15 min, then 4°C. PCR conditions were
as follows: 94°C for 5-10 min, followed by 40 cycles of 95°C
for 15 sec, 60°C for 15 sec and 72°C for 45 sec and final
extension at 72°C for 2-3 min. LASP1 expression levels were
normalized to those of GAPDH using the 222°4 method. The
primer sequences are listed in Table I.

Western blot analysis. Following rinsing in ice-cold PBS,
cells were lysed in radioimmunoprecipitation assay buffer
containing 1% protease inhibitor (Thermo Fisher Scientific,
Inc.), protein concentration was detected by NanoDrop. A total
of 50 pg protein per lane was separated using 10% SDS-PAGE.
The proteins were transferred to nitrocellulose membranes
(Thermo Fisher Scientific, Inc.), which were blocked in
Tris-buffered saline containing 0.1% Tween-20 and 5% non-fat
milk (BD Biosciences) for 2 h at room temperature. The
membranes were sequentially incubated with the appropriate
primary antibodies against LASP1 (1:1,000; cat. no. ab156872;
Abcam) overnight at 4°C by gentle shaking and subsequently
with Alexa Fluor® 647-conjugated goat anti-rabbit secondary
antibodies (1:1,000; cat. no. 4414; Cell Signaling Technology,
Inc.) for 1 h at room temperature. The Odyssey fluorescence
scanning system (LI-COR Biosciences) and Image Studio
software (V4.0; LI-COR Biosciences) were used to detect
immunoreactivity. GAPDH (1:1,000; cat. no. ab9485; Abcam)
was used as a loading control.

Cell proliferation assay. CCK-8 (Dojindo Molecular
Technologies, Inc.) proliferation kit was used according to
the manufacturer's instructions. Saos-2 and MG-63 cells
were incubated for 24 h in 96-well plates at a density of
1x10* cells/well. A total of 10 ul CCK-8 solution was added to
the cells, which were incubated for 2 h at 37°C. A microplate
reader was used to evaluate the absorbance at 450 nm.
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Table I. Primer sequences.

Name Sequence, 5'—3' Length, bp
GAPDH F: AAGAAGGTGGTGAAGCAGGC 20
R: TCCACCACCCTGTTGCTGTA 20
LASP1 F: CTGGAATGGGAGACCTGTTG 20
R: CCCTGGATTGTGTGGGTATG 20
U6 F: CTCGCTTCGGCAGCACATATACT 23
R: ACGCTTCACGAATTTGCGTGTC 22
miR-29a-3p F: AGCACCAUCUGAAAUCGGUUA 21
R: GTGCAGGGTCCGAGGT 16
H19 F: ATCGGTGCCTCAGCGTTCGG 20
R: CTGTCCTCGCCGTCACACCG 20
miR-29a-3p mimic F: UAGCACCAUCUGAAAUCGGUUA 22
R: ACCGAUUUCAGAUGGUGCUAUU 22
miR-29a-3p inhibitor UCAACAUCAGUCUGAUAAGCUA 22

LASP1, LIM and SH3 domain protein 1; miR, microRNA; F, forward; R, reverse.

Wound healing assay. OS cells were cultured in six-well
plates to 80-90% confluence, serum-starved for 6 h and
siRNA was transfected into the cells as aforementioned.
Following 24 h incubation at 37°C, a wound was made on
all plate surfaces using a 200-ul sterile plastic pipette tip,
the plates were washed with PBS and images were obtained
by light microscopy after 24 h (magnification, x100). All
tests were performed in triplicate and the experiments were
repeated at least two times.

Transwell assay. Transwell filters (pore size, 8 ym; BD
Biosciences) were added to 24-well plates. Following trans-
fection, Saos-2 and MG-63 cells were incubated at 37°C for
24 h and resuspended in DMEM (HyClone; Cytiva) with 5%
fetal bovine serum (Biological Industries; Sartorius AG). The
concentration was adjusted to 2.5x10° cells/ml. Following an
additional culture for 24 h at 37°C, the cells and the Matrigel
on the upper side of the membrane were gently removed with
clean cotton swabs, while cells on the bottom of the membrane
surface were fixed with 100% cold methanol for 30 min at
room temperature. Following fixation, the cells were stained
with 0.1% crystal violet for 10 min at room temperature. Cell
invasion was quantified based on the average number of cells
in each of the three inserts by microscopy (Olympus BX53;
magnification, x400).

Xenograft mouse model. All experiments involving animals
were approved by the Ethics Committee of Harbin Medical
University. Nude mice (age, 4 weeks; weight, ~16 g; Weitong
Lihua) were housed at 18-25°C and 50-60% relative humidity
with a 12/12-h light/dark cycle and access to sufficient food
and water. The mice were anesthetized by intraperitoneal
injection of 1% sodium pentobarbital at a dose of 50 mg/kg.
MG-63 (1x107) and Saos-2 cells (7x10°) were transfected
with H19 siRNA or empty vector plasmid (Guangzhou
RiboBio Co., Ltd.). A total of 18 female athymic nude mice
were divided into six groups (n=3/group) as follows: MG-63,

MG-63 + siH19, MG-63 + si negative control (NC), Saos-2,
Saos-2 + siH19 and Saos-2 + siNC. The cells were cultured for
48 h and resuspended in 100 ul serum-free DMEM (HyClone;
Cytiva) at 37°C. Subsequently, the cells were subcutaneously
injected on the back of mice. The tumor xenografts were grown
for 3 weeks. The tumors were removed and the diameters were
determined. The mice were sacrificed by cervical dislocation.

Prediction of the regulatory association between HI9,
miR-29a-3p and LASPI. The association between H19,
miR-29a-3p and LASP1 was examined using the bioinfor-
matics tool starBase v2.0 (35).

Statistical analysis. The data are expressed as the mean + SEM
and were analyzed using SPSS 18.0 software (SPSS, Inc.). Each
experiment was repeated at least three times. Mann-Whitney
U test and paired t-test were used to compare differences
between two experimental groups, while one-way ANOVA
with post hoc Student-Newman-Keuls and Tukey's tests were
used to compare differences among multiple experimental
groups. P<0.05 (two-tailed) was considered to indicate a
statistically significant difference.

Results

LASPI and HI9 are involved in OS progression. Expression
levels of LASP1 were investigated in OS and normal adjacent
tissue using RT-qPCR and western blot analysis. The expres-
sion levels of LASP1 were higher in OS tissue compared with
normal tissue (Fig. 1A and B). LASP1 expression was also
assessed in MG-63, Saos-2 and hFOB 1.19 cells; LASP1 levels
were lower in hFOB 1.19 cells than in MG-63 and Saos-2 OS
cells (Fig. 1C and D). Subsequently, the expression levels of
IncRNA H19 were evaluated in OS tissue and cell lines; OS
exhibited higher levels of H19 compared with normal tissue
(Fig. 1E). Similarly, H19 expression levels were lower in hFOB
1.19 cells compared with in MG-63 and Saos-2 cells (Fig. 1F).
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Figure 1. Expression levels of LASP1 and H19 are elevated in osteosarcoma. (A) mRNA and (B) protein expression levels of LASP1 were significantly higher
in tumor compared with non-tumor tissue and lower in hFOB 1.19 cells than in MG63 or Saos-2 cells, as shown by (C) RT-qPCR and (D) western blotting.
(E) mRNA expression levels of H19 were significantly higher in tumor compared with non-tumor tissue and (F) lower in hFOB 1.19 cells than MG63 or Saos-2
cells, as shown by RT-qPCR. Data are expressed as the mean + SEM (n=3). "P<0.05 vs. non-tumor; *P<0.05, **P<0.001 vs. hFOB 1.19. LASP1, LIM and SH3

domain protein 1; RT-q, reverse transcription-quantitative.

These findings suggested that expression levels of H19 and
LASP1 were associated with OS formation.

Proliferation and invasion of OS cells are inhibited by
H19 knockdown. The effect of H19 on OS cell invasion and
proliferation was investigated. Successful H19 knockdown
was performed by siRNA (Fig. 2A) and Transwell invasion,
wound healing and CCK-8 assays were used to measure OS
cell invasion, migration and proliferation, respectively. CCK-8
assay indicated that proliferation of Saos-2 and MG-63 cells
was inhibited by H19 knockdown compared with control
cells (Fig. 2B). In addition, H19 knockdown inhibited Saos-2

and MG-63 cell migration and invasion compared with that
of the control group (Fig. 2C and D). Overall, the results
demonstrated that HI9 promoted OS cell invasion and
proliferation in vitro.

miR-29a-3p is a potential factor regulating the HI9/LASPI
pathway. The aforementioned experiments indicated an asso-
ciation between expression levels of H19 and LASP-1 in both
OS and adjacent normal tissue. To assess this, miRs that serve
an important regulatory role between H19 and LASP1 were
searched. The potential complementary miR and H19 base
pairs were examined using the bioinformatics tool starBase
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Figure 2. H19 siRNA inhibits proliferation, migration and invasion of osteosarcoma cells. (A) H19 siRNA was successfully transfected into MG-63 and
Saos-2 cells. (B) H19 siRNA decreased the proliferative capacity of MG-63 and Saos-2 cells, as shown by Cell Counting Kit-8 assay. OD values (450 nm)
were quantitated. H19 siRNA decreased (C) migration and (D) invasion of MG-63 and Saos-2 cells vs. control and siNC groups. Magnification, x100. Scale
bar, 50 um. Data are expressed as the mean + SEM (n=3). “P<0.01 and “"P<0.001 vs. control. si, small interfering; OD, optical density; NC, negative control.

v2.0, which revealed that H19 and LASP1 shared a common
target, miR-29a-3p (Fig. 3A). Jia et al (36) previously reported
that miR-29a-3p targets H19 in glioma-associated endothelial
cells, while a study of lung cancer tissue demonstrated that
LASPI expression is inhibited by miR-29a-3p (37). To deter-
mine the association between the onset of OS and expression
levels of miR-29a-3p, the latter were detected by both in vivo

and in vitro assays. The expression levels of miR-29a-3p were
higher in adjacent normal compared with OS tissue, Saos-2
and MG63 cells (Fig. 3B and C).

siNC or H19 siRNA were transfected into Saos-2 and
MG-63 cells and expression levels of miR-29a-3p were assessed
to determine whether H19 targeted miR-29a-3p. miR-29a-3p
expression was increased in both MG-63 and Saos-2 cells
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following transfection with H19-siRNA, as determined by = (miR-29a-3p), siNC, miR-29a-3p mimic and control sequences
RT-gPCR analysis (Fig. 3D). were transfected into Saos-2 and MG-63 cells. The expression

To verify whether LASP1 is a downstream target of levels of LASP1 were decreased following overexpression of
miR-29a-3p, the effects of overexpression of thismiR on LASP1 ~ miR-29a-3p and the opposite results were noted in miR-29a-3p
expression were investigated (Fig. 3E). AMO-miR-29a-3p  inhibitor transfected cells (Fig. 3F). These results suggested
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that H19 affected LASP1 expression by competitively binding
to miR-29a-3p.

miR-29a-3p reverses the effects of HI9 on OS cells. Although
the aforementioned analysis demonstrated that H19 targeted
miR-29a-3p, the precise mechanism of its action in OS cells
remains unclear. Additional experiments were performed to
assess the effects of H19 on OS via the H19/miR-29a-3p/LASP1
axis. miR-29a-3p inhibitor reversed the inhibitory effect of
H19 siRNA on LASPI1 expression, as determined by western
blotting and RT-qPCR (Fig. 4A-C). Furthermore, the effects
of H19 on OS cells were reversed by miR-29a-3p, whereas

H19 increased OS cell proliferation and invasion via the
H19/miR-29a-3p/LASP1 axis.

HI19 promotes proliferation of OS. To confirm whether H19
affects the proliferative capacity of OS cells, H19 siRNA and
lentiviral vectors were transfected into Saos-2 and MG-63
cells. These cells were subcutaneously injected into female
athymic nude mice and spontaneously grown for 3 weeks prior
to tumor isolation. The body weight of mice was measured and
recorded at 0, 2 and 3 weeks (Fig. 5A and D). At 2 weeks, the
mice gained weight because of the small size of the tumor, but
the body weight of mice in each group decreased at 3 weeks
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because the increase in tumor volume affected growth of nude
mice. The mice were anesthetized and dorsal tumor images
were captured. The maximum tumor diameter in the present
study was 0.9 cm and the maximum tumor volume was
0.074 cm?. By contrast, tumor growth in the H19 knockdown
group was significantly inhibited compared with that in the
control group, suggesting that H19 may be involved in the onset
and progression of OS and affect the proliferative capacity of
OS cells (Fig. 5B, C, E and F).

Discussion

OS is a malignant tumor that occurs in adolescents and is
characterized by insidious onset and distant metastasis at the
early stage of disease (1). Adjuvant chemotherapy and surgical
treatment are the most commonly used methods for treatment
of OS (18). However, the results have not been not encour-
aging (38). IncRNAs are a class of heterogeneous molecules
that mediate gene expression by regulating transcription,

protein and miR function (7,8). It has been shown that H19
is upregulated in OS (13). However, the functional role of
H19 remains unknown. In the present study, expression levels
of H19 were assessed in clinical tissue specimens and cell
lines. Subsequent functional experiments indicated that H19
increased the proliferation, migration and invasion of OS
cells by competitively binding to miR-29a-3p and affecting
transcription of LASPI1.

Numerous studies have investigated the function of
IncRNAs to elucidate their mechanisms of action in the devel-
opment of a number of diseases (39,40). Certain studies have
demonstrated that IncRNA participates in mRNA regulation
by competitively binding with miRNA (41,42). To the best of
our knowledge, the present study is the first to demonstrate
the effect of LASP1 on OS. The present experiments indicated
significantly higher levels of LASP1 in OS than in adjacent
normal tissue. LASP1 is a member of the nebulin family and is
characterized by a LIM motif (cysteine-rich LIM/double zinc
finger motif) (28). It exhibits structural characteristics that
include the LIM motif and proto-oncogene tyrosine-protein
kinase Src homology region 3 (43). LASP1 dysregulation has
been noted in specific tumors, such as breast and non-small
cell lung cancer (27,31). In addition, LASP1 promotes the
invasion and proliferation of tumor cells and high LASP1
expression is associated with poor prognosis in patients with
gastric cancer (44).

The present study provided evidence to support the tumori-
genic role of LASP1 in OS tissue. The data demonstrated the
significant effects of LASP1 on the onset and progression of
OS. Nonetheless, the involvement of LASP1 in the pathogenesis
and progression of OS has not been fully elucidated.

The expression levels of miR-29a-3p were measured by
invivo and in vitro assays. The induction of epithelial-to-mesen-
chymal transition (EMT) has been shown to serve a key role
in the metastasis of tumor cells. High expression levels of
miR-29a induce EMT in various types of tumor cell (45).
Although EMT has been shown to regulate the invasion and
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metastasis of several types of cancer, including OS, a limited
number of studies have investigated the expression levels of
miR-29a-3p in patients with OS (46,47). The present study did
not fully elucidate the biological mechanism of miR-29a-3p
in OS. RT-qPCR demonstrated higher miR-29-3p levels in
adjacent non-tumor tissue than in OS tissue. In addition, the
OS cell lines MG-63 and Saos-2 exhibited significantly lower
miR-29a-3p expression compared with that observed in hFOB
1.19 cells.

Saos-2 and MG-63 cells were transfected with
AMO-miR-29a-3p, siNC, miR-29a-3p mimic and control
sequences to assess the association between LASP1 and
miR-29a-3p. These experiments revealed that LASP1
expression was decreased in miR-29a-3p-overexpressing
cells, while the opposite result was noted in cells expressing
AMO-miR-29a-3p. The findings of the present study indicated
that LASP1 was a downstream target of miR-29a-3p and
that both LASP1 and miR-29a-3p served a key role in the
development of OS.

IncRNA HI19 is a paternally imprinted gene located on
chromosome 11p11.5 (48). The genetic locus of IncRNA H19
is adjacent to the telomeric region, which participates in the
development and progression of tumors in adults as well as chil-
dren (49). Li et al (13) suggested that H19 acted as a competing
endogenous RNA that decreased miR-200 activity in OS and
increased the risk of cancer metastasis. Chan et al (50) demon-
strated that H19 overexpression induces OS development. The
aforementioned findings confirmed that H19 was associated
with the incidence of OS. The present study indicated that H19
overexpression served an important role in OS tissue. H19 was
also shown to be a target of miR-29a-3p, while both H19 and
miR-29a-3p levels were suppressed. Therefore, the data demon-
strated that H19 served as an endogenous miR sponge that
bound to miR-29a-3p and regulated its function. In addition,
expression levels of H19 and miR-29a-3p exhibited opposite
trends in OS, suggesting a potential association between these
molecules with regard to regulation of OS development.

The results of the present study indicated that H19
may promote proliferation and invasion of OS via the
miR-29a-3p/LASP1 pathway. It was also demonstrated that
LASP1 may be associated with the onset of OS, whereas H19
inhibited miR-29a-3p expression by directly interacting with
miR-29a-3p and indirectly affecting expression of the down-
stream miR-29a-3p target LASP1 (Fig. 6). Therefore, targeting
this pathway may provide novel therapeutic strategies for the
treatment of OS. However, due to the small sample size of
OS, the present study has certain limitations. Expanding the
sample size will confirm that H19-miR-29a-3p is an important
regulatory mechanism in OS.
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