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Abstract: HNF1A-antisense 1 (HNF1A-AS1), a long non-coding RNA (IncRNA), is associated with metastasis and is
an independent prognostic factor for lung cancer. Recent studies demonstrated that HNF1A-AS1 play important
roles in cacinogenesis. However, the exact effects and molecular mechanisms of HNF1A-AS1 in osteosarcoma (0S)
progression is still unclear. In the present study, we found that HNF1A-AS1 was markedly up-regulated in OS tissues
compared to their adjacent non-tumor tissues. HNF1A-AS1 expression levels were positively associated with the
clinical stage, distant metastasis, and reduced overall survival of OS patients. In addition, knockdown HNF1A-AS1
expression inhibited cell proliferation, metastasis and influences the activity of the Wnt/B-catenin pathway in OS
cells. Wnt/B-catenin pathway activator (LiCl) rescued the anticancer effect of knockdown HNF1A-AS1 expression in
0S cells. In conclusion, our study demonstrated that HNF1A-AS1 promoted the progression of OS via regulating the
activity of the Wnt/B-catenin pathway, indicating that HNF1A-AS1 might be a potential target for the treatment of OS.
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Introduction

Osteosarcoma (0S) is a primary bone malig-
nancy that mainly affects the rapidly growing
bones of children and adolescents and is as-
sociated with high morbidity [1]. The 5-year
survival rate of OS patients has significantly
improved over the past decades since the in-
troduction of combinatorial chemotherapy [2].
However, there are a large number of 0OS
patients who respond poorly to chemotherapy
and have a high risk of local relapse or distant
metastasis even after curative resection of the
primary tumor and intensive chemotherapy [3,
4]. Thus, there is an urgent need to explore the
molecular mechanisms underlying in OS and
identify the specific biomarkers that cause
tumor progression.

The human genome sequencing project re-
vealed that 70% of the genome is transcribed,
but only up to 2% of the human genome serves
as blueprints for proteins [5]. Long non-coding
RNAs (IncRNAs) are defined as endogenous cel-

lular RNAs more than 200 nucleotides in length
that lack an open reading frame of significant
length [6]. In recent years, several IncCRNAs
have been shown to be involved in the cancer
progression [7]. For example, Zhang et al
showed that upregulation of IncRNA MALAT1
correlated with tumor progression and poor
prognosis in clear cell renal cell carcinoma [8].
Lin et al indicated that increased expression of
the IncRNA ANRIL promoted lung cancer cell
metastasis and correlates with poor prognosis
[9]. Yan et al suggested that upregulation of the
IncRNA HOTAIR predicted recurrence in stage
Ta/T1 bladder cancer [10].

The long non-coding RNA HNF1A antisense
RNA 1 (IncRNA HNF1A-AS1) located on chromo-
some 12 is transcribed as a 2.455 kb IncRNA in
the opposite direction of HNF1A gene transcrip-
tion [11]. Yang et al showed that that dysregula-
tion of HNF1A-AS1 participated in oesophageal
tumorigenesis, and that this participation may
be mediated, at least in part, by modulation of
chromatin and nucleosome assembly as well as
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Table 1. Association of HNF1A-AS1 expres-
sion with clinicopathologic features in OS
patients

Parameter Total —HNFlA_A,Sl
Low High

Age (years) 0.455
<25 25 11 14
>25 18 10 8

Gender 0.172
Female 20 12 8
Male 23 9 14

Tumor size 0.454
<8cm 16 9 7
>8 cm 27 12 15

Location 0.159
Tibia/Femur 29 12 17
Elsewhere 14 9 5

Clinical stage 0.004
I/ 19 14 5
1 24 7 17

Distant metastasis 0.018
Absent 32 19 13
Present 11 2 9

by H19 induction [12]. Wu et al found that
increased HNF1A-AS1 expression could regu-
late cell proliferation and metastasis and iden-
tified it as a poor prognostic biomarker in lung
adenocarcinoma [13]. Liu et al showed that
IncRNA HNF1A-AS1 functioned as an oncogene
and autophagy promoter in hepatocellular car-
cinoma through sponging hsa-miR-30b-5p [14].
These results suggested that the dysregulation
of HNF1A-AS1 play a critical role in carcinogen-
esis. However, little is known about the role of
HNF1A-AS1 in OS progression. Thus, the aim of
this study was to discover whether HNF1A-AS1
contributed to OS progression and identify the
underlying regulatory mechanisms.

Materials and methods
Tissue specimens

A total of 43 pairs of OS tissues and their
matched adjacent normal bone were obtain-
ed from patients who underwent surgery at The
First Affiliated Hospital of Xinxiang Medical
University from June 2006 to July 2011. Tissue
specimens were immediately frozen in liquid
nitrogen after surgery and stored at -80°C until
the extraction of total RNA. No patients had
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received radiotherapy or chemotherapy before
surgery. Tumor stage was classified according
to the sixth edition of the TNM classification of
the International Union against Cancer (UICC).
This study was approved by the Research Ethics
Committee of Shanghai Jiao Tong University.
Written informed consent was obtained from all
of the patients. The clinicopathological infor-
mation of the patients is shown in Table 1.

Cell culture

Osteosarcoma cell lines (HOS, Sa0S2, MG63
and U20S), and osteoblastic cell line (hFOB1.19)
were purchased from American Type Culture
Collection (ATCC). Human OS cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM, Gibco) supplemented with 10% fetal
bovine serum (FBS, Gibco), 100 U/mL penicillin
and 100 mg/mL streptomycin (Invitrogen).
hFOB1.19 cells were cultured in Ham’s F12/
Dulbecco’s modified Eagle’s medium (DMEM,
Gibco) supplemented with 10% FBS, 100 U/mL
penicillin and 100 mg/mL streptomycin (Invi-
trogen). Cultures were maintained at 37°C in a
humidified atmosphere with 5% CO.,,.

Cell transfection

The siRNA specifically targeting HNF1A-AS1 (si-
HNF1A-AS1) was commercially constructed by
Shanghai GenePharma. The sequences were
as follows: HNF1A-AS1 siRNA1 (5-UUAAAUU-
GCAGAGUUGCACUU-3’); HNF1A-AS1 siRNA2
(5-GGGUGAGCAGCUGUUUGCAAGACUA-3)
[13]. The scrambled nucleotide was used as
the negative control (si-NC). Cells were trans-
fected with siRNAs using Lipofectamine
RNAIMAX reagent (Thermo Fisher Scientific)
according to the manufacturer’s protocol. Each
experiment was performed in triplicate. The
interfering effciency was determined by qRT-
PCR after transfection 48 hours.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from the tissue
samples or cultured cells with Trizol reagent
(Takara), and first-strand cDNA was synthesized
from 2 pg of total RNA using random primers
and the M-MLV Reverse Transcriptase (Invi-
trogen). The following primers were used to
detect the expression of HNF1A-AS1 and
GAPDH: HNF1-AS1 sense, 5-TCAAGAAATGG-
TGGCTAT-3’, reverse 5-GCTCTGAGACTGGCTG-
AA-3’; GAPDH sense, 5-AGAAGGCTGGGGCT-
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CATTTG-3’; reverse 5-AGGGGCCATCCACAGTC-
TTC-3. RNA expression was measured by qRT-
PCR using the SYBR-Green method (Takara)
according to the manufacturer’s instructions.
All experiments were performed using the 2-44¢t
method. The results were normalized to the
expression of GAPDH.

MTT assay

The affects of HNF1A-AS1 on cell proliferation
were determined by the MTT assay. In brief,
2x10° cells/well were seeded into 96-well
plates and routinely cultured. At the indicated
time points, 10 pyl MTT solution (5 mg/ml;
Sigma-Aldrich) was added into each well, and
the reaction was terminated by 200 pyl DMSO 2
hours later. The absorbance was measured on
a microplate reader at 570 nm. This experiment
was repeated in triplicate and at least three
times.

Cell cycle analysis

Cells were harvested by trypsinization, washed
twice in cold PBS, and fixed in 70% ethanol at
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overall survival compared to
patient with low expression of
HNF1A-AS1. *P<0.05.

4°C overnight. After fixation, the cells were
washed and re-suspended in cold PBS and
incubated in a solution of 10 mg/mL RNase
and 1 mg/mL propidium iodide (Sigma) at 37°C
for 30 minutes in the dark. Finally, the DNA con-
tent was determined by flow cytometry (BD
Biosciences).

Cell apoptosis analysis

Cells were harvested 48 hours after transfec-
tion for apoptosis analysis. Floating and adher-
ent cells were collected using 0.1% trypsin,
washed twice with cold PBS, and suspended in
1000 ul binding buffer. The cells were then
treated with FITC-Annexin V and propidium
iodide (PI) in the dark at room temperature,
according to the manufacturer’s protocol. The
cells were then examined by flow cytometry (BD
Biosciences) on in instrument equipped with
CellQuest software (BD Biosciences).

Cell migration and invasion assays

Cell migration ability was assessed using 6.5-
mm transwell chambers with a pore size of 8
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Table 2. Univariate and multivariate analyses of prognostic factors in OS patients

Univariate analysis

Multivariate analysis

Variable : :
Hazard ratio 95% ClI P Hazard ratio 95% ClI P
Age (years) 1.174 0.628-4.073 0.417
>25 vs <25
Gender 0.739 0.492-1.947 0.591
Male vs Female
Tumor size 1.635 0.528-5.874 0.171
>8 cmyvs <8 cm
Location 0.894 0.651-6.178 0.363
Tibia/Femur vs Elsewhere
Clinical stage 2.739 1.215-8.936 0.007 2.318 1.095-8.163  0.009
s /1
Distant metastasis 3.917 1.781-12.117 0.004 3.285 1.536-11.741  0.008
Present vs Absent
HNF1A-AS1 2.976 1.487-7.945 0.003 2.637 1.391-7.417 0.005
High vs Low

pm. Cell invasion ability was assessed using
the chamber with 100 pg Matrigel (BD Bio-
sciences). The assays were performed accord-
ing to the manufacturer’s instructions. Briefly,
2x10* cells from each group were suspended
in serum-free medium and were seeded into
the upper chamber. The lower chamber was
filled with medium containing 10% FBS. After
incubation for 24 h, the migrated/invaded cells
in the lower chamber (below the filter surface)
were fixed in 4% paraformaldehyde, stained
with 0.1 mg/ml crystal violet solution, and
counted under a microscope. The cells on the
lower surface were photographed and five ran-
dom fields were counted. Three independent
experiments were performed.

Western blot

For analysis of protein expression, the proteins
extracted from cultured cells were separated
on 10% SDS-polyacrylamide gels. The separat-
ed proteins were then electro-transferred to a
PVDF membrane (Bio-Rad). The membrane
was then blocked by blocking buffer and incu-
bated with primary antibody at 4°C overnight.
Then, the membrane was incubated with horse-
radish peroxidase (HRP) labeled secondary
antibody. The protein bands were visualized
using an enhanced chemiluminescence system
(Amersham). Primary antibodies, B-actin and
HRP labeled secondary antibody were pur-
chased from Santa Cruz Biotechnology (Santa
Cruz).

3506

Statistical analysis

Statistical analyses were performed using
SPSS 18.0 software package. All the experi-
ments were repeated in triplicate, and data was
expressed as mean = SD. Differences were
assessed by two-tailed Student’s t test, and
P<0.05 was considered statistically significant.

Results
HNF1A-AS1 levels were up-regulated in OS

To explore the role of HNF1A-AS1 in the pro-
gression of osteosarcoma. We first perform-
ed gRT-PCR analysis to detected HNF1A-AS1
expression in 43 paired OS tissues. Our data
showed that the expression levels of HNF1A-
AS1 was significant up-regulated in OS tissues
compared with adjacent non-tumor tissues
(P<0.05, Figure 1A). Furthermore, OS cells
were also detected, compared with osteoblas-
tic cells hFOB1.19, HNF1A-AS1 expression was
significantly upregulated in all four OS cell lines
(HOS, Sa0S2, MG63 and U20S) (P<0.05,
Figure 1B). Then, 43 OS patients were divided
into two groups based on the median value of
relative HNF1A-AS1 expression. As shown in
Table 1, HNF1A-AS1 expression was correlated
with clinical stage and distant metastasis
(P<0.05). However, there were no significant
correlations between HNF1A-AS1 expression
and other clinicopathologic factors including
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Figure 2. Suppressing HNF1A-AS1 inhibited cell proliferation in the OS cell lines. A: The expression level of HNF1A-
AS1 in HOS and MG-63 cells was significantly decreased by si-HNF1A-AS1 compared with the si-NC group. B: MTT
assay showed that inhibition of the HNF1A-AS1 suppressed proliferation of HOS and MG-63 cells. C: Cell cycle
analysis showed that inhibition of the HNF1A-AS1 increased the percentage of GO/G1 phase cells and decreased
the percentage of S phase cells. D: Cell apoptosis assay showed that inhibition of the HNF1A-AS1 promoted HOS

and MG-63 cells apoptosis. *P<0.05.

age, gender, tumor size and tumor location
(P>0.05).

High HNF1A-AS1 expression was associated
with poor prognosis of OS patients

Considering that the level of HNF1A-AS1
expression was correlated with clinical stage
and distant metastasis. We further investigate
the prognosis of HNF1A-AS1 in OS patients.
Kaplan-Meier analysis showed that the overall
survival rate of high HNF1A-AS1 expression
group was significantly poor than that of low
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HNF1A-AS1 expression group (P<0.05, Figure
1C). The univariate analysis showed that clini-
cal stage, distant metastasis and HNF1A-AS1
expression were significantly related to overall
survival of OS patients (P<0.05, Table 2).
Moreover, the multivariate Cox regression anal-
ysis suggested that clinical stage, distant
metastasis and HNF1A-AS1 expression were
independent prognostic factors for overall sur-
vival of OS patients (P<0.05, Table 2). Thus,
these observations suggested that increased
expression of HNF1A-AS1 was associated with
the progression and development of OS.

Am J Transl Res 2016;8(8):3503-3512
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*P<0.05.

Suppressing HNF1A-AS1 expression inhibited
OS cell proliferation

To determine the role of HNF1A-AS1 in OS
tumorigenesis, we knocked-down HNF1A-AS1
expression in HOS and MG-63 cells by trans-
fecting si-HNF1A-AS1 (P<0.05, Figure 2A). MTT
assay indicated that decreased expression of
HNF1A-AS1 significantly suppressed HOS and
MG-63 cells proliferation compared with con-
trol group (si-NC) (P<0.05, Figure 2B). To inves-
tigated the potential mechanisms underlying
cell proliferation, flow cytometry was used. Cell
cycle analysis showed that reduced expression
of HNF1A-AS1 increased the number of HOS
and MG-63 cellsin GO/G1 phase and decreased
the number of HOS and MG-63 cells in S phase
compared with cells transfected with si-NC
(P<0.05, Figure 2C). Apoptosis analysis indicat-
ed that knockdown HNF1A-AS1 expression
induced HOS and MG-63 cells apoptosis com-
pared with control group (P>0.05, Figure 2D).
These results demonstrated that HNF1A-AS1
promoted OS cells proliferation by promoting
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cell cycle progression and inhibiting cell
apoptosis.

Suppressing HNF1A-AS1 expression inhibited
OS cell migration and invasion

To further assess the effect of HNF1A-AS1 on
the invasiveness of OS cells, Transwell migra-
tion assay and transwell invasion assay were
used. Transwell migration assay indicated that
reduced expression of HNF1A-AS1 inhibited
HOS and MG-63 cells migration capacity than
si-NC group (P<0.05, Figure 3A). Similarly, tran-
swell invasion assay showed that decreased
expression of HNF1A-AS1 significantly inhibited
HOS and MG-63 cells invasion capacity com-
pared to si-NC group (P<0.05, Figure 3B). These
results indicated that HNF1A-AS1 promoted OS
cells migration and invasion ability.

Suppressing HNF1A-AS1 expression affected
the Wnt/B-catenin signaling pathway

To better understand the detailed regulation
mechanism of HNF1A-AS1 in OS progression,
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Figure 4. Suppressing HNF1A-AS1 affected the Wnt/B-catenin signaling
pathway. Western blot analysis showed that si-HNF1A-AS1 inhibited the
B-catenin, cyclin D1 and c-myc expression in the HOS and MG-63 cells.

recurrence or metastasis re-
mains poor [3]. Thus, to im-
prove the OS survival rate
requires a clear understand-
ing of pivotal molecular mech-
anisms from the initiation and
progression of OS.

Accumulating evidence sh-
owed that IncRNAs play criti-
cal roles in the regulation of
cell proliferation, metastasis,
infiltration and apoptosis [17].
Aberrant IncRNA expression
is involved in various cancers,
including OS. For example,
Sun et al showed that incre-
ased expression of IncRNA
HULC could indicate a poor

we performed western blot analysis to investi-
gated whether suppressing HNF1A-AS1 affect-
ed the Wnt/B-catenin signaling pathway, which
play important roles in tumor development and
progression [15, 16]. Western blot showed that
knockdown HNF1A-AS1 expression significant-
ly inhibited B-catenin expression compared
with control groups. In addition, we found that
reduced expression of HNF1A-AS1 significantly
decreased expression of cyclin D1 and c-myc
expression (classic downstream genes of the
Wnt/B-catenin signaling pathway) (P<0.05,
Figure 4). Indicating that HNF1A-AS1 could
affect the activity of the Wnt/B-catenin path-
way. To further confirm the role of HNF1A-AS1
in regulating the activity of the Wnt/B-catenin
pathway, LiCl (Sigma) was used to activate the
Wnt/B-catenin pathway. Our data showed that
the anticancer ability of knockdown HNF1A-
AS1 expression on OS cells was rescued by 0S
cells treat with LiCl (P<0.05, Figure 5A-C).
Therefore, the studies indicated that HNF1A-
AS1 might serve as an oncogenic INCRNA that
promoted the proliferation and metastasis of
OS and activated the Wnt/B-catenin signaling
pathway.

Discussion

Osteosarcoma is the most common primary
malignancy in the world [1]. Despite of the
recent rapid advances in the diagnosis and
treatment, the survival of OS patients with
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prognosis and promoted cell

metastasis in osteosarcoma
[18]. Wang et al showed that overexpression of
IncRNA HOTAIR could promote tumor growth
and metastasis in human osteosarcoma [19].
Dong et al suggested that IncRNA MALAT1
promoted the proliferation and metastasis of
osteosarcoma cells by activating the PI3K/Akt
pathway [20]. However, the possible role and
associated molecular mechanisms of HNF1A-
AS1 in OS are still unclear.

In this study, we found that the expression level
of HNF1A-AS1 was upregulated in OS tissues
than those in adjacent non-tumor tissues.
HNF1A-AS1 expression were associated with
clinical stage and distant metastasis of OS
patients. Furthermore, high HNF1A-AS1 expres-
sion was correlated with lower overall survival
rates and could be an independent prognostic
factor in OS patients. To understand its biologi-
cal role in 0S. HOS and MG-63 cells were cho-
sen to investigate the effect of HNF1A-AS1
knockdown on OS cell phenotype. Our data
revealed that decreased expression of HNF1A-
AS1 significantly suppressed proliferation and
metastasis capability of HOS and MG-63 cells
in vitro. These results suggested that HNF1A-
AS1 might function as a tumor oncogene in 0S
progression.

Wnt/B-catenin signaling is known to regulate a
broad range of cellular processes, such as pro-
liferation, invasion, differentiation, and other
signaling pathways, through regulating the abil-
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of LiCl in HNF1A-AS1 knockdown HOS and MG-63 cells.

ity of the multifunctional B-catenin protein,
which is a crucial signaling molecule in the
Wnt/B-catenin pathway [21]. Recent studies
suggested that Wnt/[-catenin signaling activa-
tion were involved in various human cancers.
For example. Mohammadi-Yeganeh et al sug-
gested that miRNA-340 could inhibit the migra-
tion, invasion, and metastasis of breast cancer
cells by targeting Wnt pathway [22]. Zhang et al
found that IncRNA CASC11 interacted with
hnRNP-K and activated the Wnt/B-catenin
pathway to promote growth and metastasis in
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colorectal cancer [23]. Yuan et al showed that
INcRNA-CTD9O03 inhibited colorectal cancer
invasion and migration by repressing Wnt/[3-
catenin signaling and predicted favorable prog-
nosis [24]. In the present study, we found that
knockdown HNF1A-AS1 expression significant-
ly inhibited B-catenin, cyclin D1 and c-myc
expression in OS cells. Furthermore, we found
that LiCl (Wnt/B-catenin pathway activator)
could rescue the anticancer effect of knock-
down HNF1A-AS1 expression in OS cells. These
results suggested that tumor oncogenic effect

Am J Transl Res 2016;8(8):3503-3512
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of HNF1A-AS1 was at least partly mediated by
Wnt/B-catenin pathway in OS cells.

In conclusion, our study demonstrated that
IncRNA HNF1A-AS1 was increased expression
in OS and HNF1A-AS1 was likely to be a useful
biomarker for this disease. Moreover, knock-
down of HNF1A-AS1 could inhibit OS cell prolif-
eration, migration and invasion by repressing
Wnt/B-catenin signaling in vitro. Taken togeth-
er, our study suggested that IncRNA HNF1A-
AS1 could be a new potential target and prog-
nostic factor for the treatment of OS.
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