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IncRNA HOTTIP facilitates osteosarcoma cell migration,
invasion and epithelial-mesenchymal transition by
forming a positive feedback loop with c-Myc
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Abstract. Homeobox A transcript at the distal tip (HOTTIP)
is an oncogenic long non-coding RNA in cancer. The aim
of the present study was to investigate the function and
mechanism of HOTTIP in the aggressive behaviors of human
osteosarcoma (OS) cells. Expression levels of HOTTIP and
epithelial-mesenchymal transition (EMT) markers were
determined by reverse transcription-quantitative PCR. Cell
invasive and migratory abilities were evaluated in vitro
using Matrigel and wound healing assays, respectively.
Knockdown of HOTTIP expression was achieved by small
interfering RNA-mediated silencing. Overexpression of
c-Myc was accomplished by transfecting cultured cells with
a c-Myc overexpression plasmid. HOTTIP was demonstrated
to be upregulated in OS tissues and cell lines; knockdown of
HOTTIP inhibited OS cell migration, invasion and EMT, and
suppressed c-Myc expression. In addition, overexpression of
c-Myc increased HOTTIP expression and enhanced OS cell
migration and invasion. HOTTIP promoted cell migration
and invasion by upregulating c-Myc in OS. The positive feed-
back loop formed by HOTTIP and c-Myc may contribute to
OS progression, and HOTTIP may act as a therapeutic target
for OS.

Introduction

Osteosarcoma (OS) is the most common primary malig-
nant bone tumor frequently occurring in children and
adolescents (1). Originating from mesenchymal cells, OS
often results in pulmonary metastasis and has poor overall
prognosis (2,3). Amputation and chemotherapy are the most
common treatment options for OS; however, ~40% of treated
patients experience tumor metastasis, which ultimately leads

Correspondence to: Dr Fang Ji, Department of Orthopedics,
Changhai Hospital, Second Military Medical University,
168 Changhai Road, Yangpu, Shanghai 200438, P.R. China

E-mail: antiyaya@sina.com

Key words: osteosarcoma, homeobox A transcript at the distal tip,
c-Myc, migration, invasion, epithelial-mesenchymal transition

to an adverse clinical outcome (4,5). Therefore, it is imperative
to understand the mechanisms triggering OS metastasis for the
management of this disease.

Long non-coding RNAs (IncRNAs) are a group of
evolutionarily conserved non-coding RNAs >200 nucleo-
tides long with no or limited protein coding capacity (6).
Based on the location and sequence, IncRNAs can be
classified into five types: Sense, antisense, bidirectional,
intronic and intergenic (7,8). A number of previous studies
have indicated that IncRNAs are involved in almost every
aspect of cell biology and contribute to tumor development
by various mechanisms (9-11). Although multiple IncRNAs
are abnormally expressed in cancer tissues and function as
potent oncogenes or tumor suppressors (12-14), only a small
number of IncRNAs have had clear underlying mecha-
nisms identified. IncRNAs are crucial for OS initiation
and progression (15,16). For instance, nuclear paraspeckle
assembly transcript 1, small nucleolar RNA host gene 4 and
tumor protein p73 antisense RNA 1 have been identified
as oncogenic IncRNAs associated with poor prognosis of
patients with OS (17-19).

Homeobox A transcript at the distal tip (HOTTIP) is an
IncRNA transcribed from the 5'tip of homeobox A (HOXA)
locus that controls HOXA gene expression (20). HOTTIP is
significantly upregulated in human cancers; it is functionally
linked with carcinogenesis and represents a potential prognostic
biomarker in cancer (21). The majority of studies on HOTTIP
support its oncogenic roles, including promoting cell prolifera-
tion, inhibiting apoptosis and facilitating cell migration (22).
Li et al (23), reported that HOTTIP was upregulated in OS,
promoted cell proliferation, migration and invasion in vitro,
and higher HOTTIP expression levels were associated with
poor survival. HOTTIP also increased chemoresistance of OS
cells (24). However, its roles and mechanisms in OS migration,
invasion and epithelial-mesenchymal transition (EMT) remain
unclear. Notably, HOTTIP could activate the Wnt/p-catenin
signaling pathway in OS cells (24). Since c-Myc is a vital
target gene and effector of the Wnt/B-catenin pathway, which
is associated with the malignant phenotypes of OS, including
migration, invasion and EMT (25), this study hypothesized
that HOTTIP could also induce c-Myc expression in OS cells.
Considering the previously described attributes of HOTTIP
activity, it was hypothesized that HOTTIP may be involved in
OS migration, invasion and EMT.
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Materials and methods

Patients and tissues. Twenty-five pairs of human OS tissues
and adjacent non-tumoral tissues were obtained from patients
(range, 14-28 years old; 10 male and 15 female patients) with
OS who received surgical treatment at the Department of
Orthopedics, Changhai Hospital, Second Military Medical
University (Shanghai, China), between January 2016 and
June 2017. All samples were obtained with informed consent
and approved by the Ethics Committee of Changhai Hospital,
Second Military Medical University (Shanghai, China). The
tissues were frozen in liquid nitrogen immediately and stored
at -80°C.

Cell culture. Human normal osteoblastic cell line hFOB1.19
and OS cell lines SaoS2, HOS, U20S and MG63 were
purchased from The Cell Bank of Type Tissue Collection of the
Chinese Academy of Science or the American Type Culture
Collection. HOS cells were cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc.), while other cell lines were
cultured in DMEM (Gibco; Thermo Fisher Scientific, Inc.). All
media were supplemented with 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.) and cells were cultured
at 37°C in a humidified atmosphere with 5% CO,.

Reverse transcription-quantitative PCR (RT-gPCR).RT-qPCR
was used to determine the expression levels of HOTTIP,
[-catenin and c-Myc in tissues and cells (including hFOBI1.19,
SaoS2, HOS, U20S and MG63 cell lines). Total RNA was
extracted from tissues (=100 mg) and cells (=1x10°) using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
following the manufacturer's protocol. cDNA was synthesized
using GoScript Reverse Transcription Mix, Random Primers
(Promega Corporation). gPCR was performed in an ABI7500
instrument using Toyobo SYBR Green Realtime PCR Master
Mix (cat. no., QPK-201; Toyobo Life Sciences). The following
thermocycling conditions were used: Initial denaturation at
95°C for 3 min; followed by 40 cycles of 95°C for 15 sec and
60°C for 1 min; finally dissociation at 60°C for 10 min. 3-actin
was used as an internal control. Fold changes were calculated
using the relative quantification (244%9) method (26). The
primers used were as follows: HOTTIP, forward 5'-CCT
AAAGCCACGCTTCTTTG-3, reverse 5-TGCAGGCTG
GAGATCCTACT-3'; B-actin, forward 5"TCTTCGCCTTAA
TACTTGT-3', reverse 5'-AAGCCTTCATACATCTCAA-3';
B-catenin, forward 5'-CCTTTGTCCCGCAAATCATG-3',
reverse 5'-CGTACGGCGCTGGGTATC-3'; c-Myc, forward
5" TACATCCTGTCGGTCCAA-3', reverse 5-AACTGTTCT
CGCCTCTTC-3.

Small interfering RNAs (siRNAs), overexpression plasmids
and transfections. HOTTIP siRNAs and negative control
(si-NC) were purchased from Shanghai GenePharma Co, Ltd.
The sequences were as follows: NC siRNA, 5'-GGUGGAACA
AUUGCUUUUA-3; HOTTIP siRNA 1, 5-~AAAUUGCUC
ACUAACAGUGUG-3; HOTTIPsiRNA 2,5-UUUUCUUGU
CCCAAAAUAGAG-3". The plasmids containing the coding
sequences of the two isoforms of c-Myc gene were constructed
by PCR using KOD-plus-Ver.2 kit (KOD-211; Toyobo Life
Science) and cloned into pcDNA3.1 with BamHI and HindIII
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as restriction enzymes. Transfections were performed using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's instructions. Briefly,
cells (1x10° cells/well; U-20S and MG63 cell lines were used
since HOTTIP was highly expressed in the two cell lines) were
seeded into a 6-well plate and incubated at 37°C overnight.
Prior to the transfection, the siRNA/plasmid-Lipofectamine
solution was prepared by mixing 200 ul MEM separately with
Lipofectamine (5 1) or siRNA/plasmid (2 pg) and then mixing
the solutions together. Finally, the siRNA/plasmid-Lipo-
fectamine solution was added into each well, and the cells were
incubated at 37°C for 24 h (for plasmid) or 48 h (for siRNA) for
subsequent experiments.

Cell Counting Kit-8 (CCK-8) assay and trypan blue staining.
For CCK-8 assay, U-20S and MG63 cells were seeded in
96-well plates (5x10* cells/well) and incubated at 37°C in a
humidified atmosphere with 5% CO, for 12 h. Subsequently,
fresh medium containing 10% FBS was added to the culture
plate and 10 ul CCK-8 (Dojindo Molecular Technologies)
reagent was added to each well at 0, 24,48 and 72 h and incu-
bated at 37°C for another 2 h. The absorbance was measured
at 450 nm using a microplate reader (Molecular Devices). For
Trypan blue staining, triplicates of U-20S and MG63 cells
(2x10* cells/well) were seeded in 96-well plates initially,
then trypsinized at different time points (0, 24, 36 and 48 h)
and stained with trypan blue at room temperature for 5 min;
stained cells were counted using a hemocytometer and
cell viability ([(total cells)-(blue cells)]x100%) curves were
plotted.

Wound healing assay. Cell migration ability was determined
by wound healing assay. Transfected MG63 cells were
seeded in 6-well plate (3x10° cells/well) for 24 h until conflu-
ence was reached. A scratch was made using a sterile 200 ul
pipette tip in the central axis of the wells. The cells were
washed with PBS and cultured with serum-free medium for
24 h. At 48 or 72 h, the migration of the cells into the scratch
was observed under an inverted microscope (magnification,
x200) and the distance between the edges of the wound was
calculated.

Matrigelassay.Cellinvasive ability was determined by Matrigel
assay. Transfected U-20S cells were seeded (3x10* cells/well)
with medium containing 0.1% FBS in the upper chamber of
an insert coated with Matrigel and allowed to migrate into the
lower chamber supplemented with medium containing 10%
FBS for 24 h (37°C; 5% CO,). Cells that invaded through the
membrane were fixed by 4% paraformaldehyde for 20 min and
stained with 0.5% crystal violet solution for 30 min at room
temperature. Three replicates were obtained.

Western blotting. Cellular proteins (=1x10° cells/well; U-20S
and MG63 cell lines) were extracted by using RIPA buffer
(Beyotime Institute of Biotechnology) containing phenylmeth-
ylsulphonyl fluoride (Beyotime Institute of Biotechnology).
Proteins (~40 ug), quantified by bicinchoninic acid protein
assay kit (Beyotime Institute of Biotechnology), were separated
by 8% SDS-PAGE, transferred to a nitrocellulose membrane
(EMD Millipore) and incubated with 5% skimmed milk for
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Figure 1. HOTTIP is upregulated in OS tissues and cells. (A) HOTTIP expression was determined by RT-qPCR in human OS and adjacent normal tissues.
(B) HOTTIP expression was determined by RT-qPCR in human normal osteoblastic hFOB1.19 cells and human OS cell lines SaoS2, HOS, U20S and MG63.
“P<0.05 and “P<0.01 vs. adjacent normal tissue or hFOB1.19 cell line. HOTTIP, homeobox A transcript at the distal tip; OS, osteosarcoma; RT-qPCR, reverse

transcription quantitative-PCR.
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Figure 2. Knockdown of HOTTIP inhibits osteosarcoma cell viability. (A) si-HOTTIP successfully reduced HOTTIP expression levels in U20S and MG63
cell lines. (B) Knockdown of HOTTIP reduced the viability of U20S and MG63 cells assessed by Cell Counting Kit-8 assay. (C) Relative cell viability

determined by trypan blue staining assay. "P<0.05, “P<0.01 and “"P<0.001 vs. si-NC. HOTTIP, homeobox A transcript at the distal tip; NC, negative control;
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Figure 3. Knockdown of HOTTIP inhibits osteosarcoma cell invasion, migra-
tion and EMT. (A) Invasive ability of U20S cells was reduced following
siRNA knockdown of HOTTIP. Magnification, x400. (B) Migratory ability
of MGG63 cells was reduced following siRNA knockdown of HOTTIP.
Magnification, x200. (C) Changes of EMT marker protein expression levels
were determined by western blotting in U20S and MG63 cells following
knockdown of HOTTIP by siRNAs. “P<0.01 and "“P<0.001 vs. si-NC.
EMT, epithelial-mesenchymal transition; HOTTIP, homeobox A transcript
at the distal tip; NC, negative control; siRNA, small interfering RNA; ZEBI,
zinc-finger E-box-binding homeobox 1.

1 h at room temperature. The membranes were subsequently
incubated with the following primary antibodies at a dilution of
1:1,000 at 4°C overnight: E-cadherin (cat. no., 3195), vimentin
(cat. no., 5741), zinc-finger E-box-binding homeobox 1 (ZEBI,;
cat.no.,3396), Snail (cat. no.,3879), Slug (cat.no., 9585), B-catenin
(cat. no., 8480), c-Myc (cat. no., 5605) and B-actin (cat. no., 4970).
[B-actin was used as an internal control. HRP-linked anti-rabbit
IgG (cat. no., 7074; 1:1,000 dilution) was used as the secondary
antibody. All antibodies were purchased from Cell Signaling
Technology, Inc. Western blot bands were visualized using ECL
Western Blotting Detection System (EMD Millipore).

Statistical analysis. Statistical analyses were performed using
GraphPad Prism 6.0 software (GraphPad Software, Inc.).
All data are presented as the mean + standard deviation.
Experimental results were assessed using paired Student's
t-test, unpaired Student's t-test or one-way analysis of variance
with Dunnett's post hoc test. P<0.05 was considered to indicate
a statistically significant difference.
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Figure 4. Knockdown of HOTTIP decreases the expression of c-Myc
in osteosarcoma cells. (A) Expression of f-catenin was determined by
RT-qPCR in U20S and MG63 cells following siRNA-mediated knock-
down of HOTTIP using two siRNAs. (B) Expression levels of c-Myc was
determined by RT-qPCR in U20S and MG63 cells following knockdown of
HOTTIP. (C) Expression levels of B-catenin and c-Myc were determined by
western blotting in U20S and MG63 cells following knockdown of HOTTIP.
“P<0.05 and “P<0.01 vs. si-NC. HOTTIP, homeobox A transcript at the distal
tip; NC, negative control; RT-qPCR, reverse transcription quantitative PCR;
siRNA, small interfering RNA.

Results

HOTTIP overexpression in OS tissues and cell lines. RT-qPCR
was used to detect the expression levels of IncRNA HOTTIP
in 25 pairs of OS tissues and adjacent non-tumor tissues.
The result revealed a significant overexpression of HOTTIP
in OS tissues (P<0.01; Fig. 1A). This was in agreement with
the previous reports (23,24). HOTTIP expression was also
analyzed in vitro; compared with the non-tumor human
osteoblastic cell line hFOB1.19, HOTTIP was significantly
upregulated in the four OS cell lines (Fig. 1B). The overexpres-
sion of HOTTIP suggested it may serve tumor-promoting roles
in OS development.

Knockdown of HOTTIP inhibits OS cell viability, invasion,
migration and EMT. siRNA-mediated silencing was used
to knock down HOTTIP expression levels in two OS cell
lines, U20S and MG63, as HOTTIP was indicated to be
highly expressed in these cells. Individual and simultaneous
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Figure 5. Overexpression of c-Myc promotes osteosarcoma cell invasion and migration by positively regulating HOTTIP. (A) Expression levels of c-Myc
and HOTTIP were determined by reverse transcription-quantitative PCR in U20S and MG63 cells following c-Myc overexpression. (B) Overexpression
efficiency of c-Myc was determined by western blotting in U20S and MG63 cells. (C) U20S cell invasive ability was evaluated by Matrigel assay following
c-Myc overexpression. (D) MG63 cell migratory ability was evaluated by wound healing assay following c-Myc overexpression. “P<0.01 and ““P<0.001 vs.

pcDNA3.1. HOTTIP, homeobox A transcript at the distal tip.

transfections of two siRNAs against HOTTIP successfully
decreased HOTTIP expression levels in the two OS cell lines
(P<0.05; Fig. 2A); co-transfection with si-HOTTIP 1 and
si-HOTTIP 2 was used in all subsequent experiments. CCK-8
assay revealed that HOTTIP knockdown notably inhibited cell
viability compared with the si-NC group (P<0.001; Fig. 2B). In
addition, trypan blue staining also demonstrated that HOTTIP
knockdown significantly reduced OS cell viability (P<0.001;
Fig. 2C).

To determine the role of HOTTIP in OS pro-metastatic
processes in vitro, Matrigel and wound healing assays were
performed to evaluate the invasive and migratory capacities
of the cells, respectively. Due to the large size of MG63 cells
and therefore their inability to pass through the holes of the
Transwell, Matrigel assay was only performed in U20S cells.
Whereas for wound healing assay, MG63 cells were used
since they exhibited higher migration capacity. The results
demonstrated that HOTTIP knockdown inhibited cell inva-
sion and migration compared with si-NC transfected cells

(Fig. 3A and B). Since EMT is also a key pro-metastatic
process, the expression of EMT markers was detected by
western blotting. Following HOTTIP knockdown, the protein
expression levels of the epithelial marker E-cadherin were
upregulated, whereas the protein expression levels of the
mesenchymal markers vimentin, ZEBI1, Snail and Slug were
downregulated in two OS cell lines (Fig. 3C). These results
indicated that HOTTIP may have a role in the promotion of OS
invasion, migration and EMT.

Reciprocal regulation between HOTTIP and c-Myc. Based
on a previous report by Li er al (24), HOTTIP activates the
Wnt/B-catenin pathway in OS cells. Since c-Myc is an important
effector of the Wnt/f-catenin pathway, RT-qPCR and western
blotting were used to examine whether HOTTIP regulated
the expression of c-Myc in OS cells. Knockdown of HOTTIP
led to a decrease of 3-catenin and c-Myc mRNA expression
(P<0.05; Fig. 4A and B). The decreased expression was also
observed in their protein levels (Fig. 4C). Therefore, it was
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Figure 6. Restoration of c-Myc rescues the anti-migratory and anti-invasive effects of HOTTIP knockdown in osteosarcoma cells. (A) The expression levels

of c-Myc and HOTTIP were determined by reverse transcription quantitative-

PCR in U20S and MG63 cells. (B) U20S cell invasive ability was evaluated

by Matrigel assay following c-Myc restoration. Magnification, x400. (C) MG63 cell migratory ability was evaluated by wound healing assay following c-Myc
restoration. Magnification, x200. “P<0.01 and ""P<0.001 vs. si-NC + pcDNA3.1 or si-HOTTIP 1+2 + pcDNA3.1. HOTTIP, homeobox A transcript at the distal

tip. siRNA, small interfering RNA.

concluded that HOTTIP may promote c-Myc expression in OS
cells. Conversely, HOTTIP was upregulated by c-Myc overex-
pression in the two OS cell lines. The two isoforms of c-Myc
were confirmed to be overexpressed (P<0.001; Fig. 5A and B)
and increased HOTTIP expression levels (P<0.01; Fig. 5A),
compared with cells transfected with an empty vector.
Furthermore, c-Myc overexpression promoted OS cell inva-
sion and migration in vitro (P<0.01; Fig. 5C and D). These
findings indicate the oncogenic role of c-Myc in OS cells, and
provide a reciprocal linkage of HOTTIP and c-Myc.

Restoration of c-Myc in HOTTIP-silenced OS cells rescued
OS cell invasion and migration. To test whether HOTTIP
promoted OS cell invasion and migration by upregulating
c-Myc, c-Myc was overexpressed in HOTTIP-silenced OS
cells. RT-qPCR validated the overexpression of c-Myc as well
as the induction of HOTTIP expression in the restoration group
(P<0.01; Fig. 6A). Furthermore, c-Myc restoration rescued OS
cell invasion and migration (P<0.001; Fig. 6B and C). These
results suggested that c-Myc may be the mediator of the onco-
genic role of HOTTIP in OS cells.
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Discussion

Mainly arising from the mesenchymal cells of the long bones,
OS is the most common bone malignancy in the world (1).
Despite the progress on its treatment options, including
surgery and chemotherapy, most patients with OS still expe-
rience recurrence and have a short overall survival time (3).
Metastasis is the major cause of the unsatisfactory clinical
outcome. A recent study has suggested that dysregulated
expression of several IncRNAs is implicated in OS progres-
sion (16). HOTTIP is among these IncRNAs, and two reports
have identified its expression and tumor-promoting activities
in OS (23,24). However, the role and mechanism of HOTTIP
in OS cell migration, invasion and EMT remain unclear.

Overexpression of HOTTIP has been reported in a number
of human cancers; with HOTTIP associated with multiple
cancer-associated malignancy phenotypes and signaling
pathways, in addition to contributing to cancer develop-
ment (21). In the present study, higher expression of HOTTIP
was confirmed in OS tissues and all cell lines compared to
their matched controls. Moreover, knockdown of HOTTIP by
siRNAs reduced the viability of two OS cell lines. These find-
ings were in agreement with the previous studies on the role of
HOTTIP in OS (23,24).

Furthermore, the present study suggested that HOTTIP
may also contribute to the aggressive phenotypes of OS. The
in vitro experiments consistently demonstrated that knock-
down of HOTTIP inhibited OS cell migration, invasion and
EMT, which indicated the pro-metastatic activity of HOTTIP
in OS. This was in agreement with previous studies, which
have identified the promotion of cancer invasion and EMT by
HOTTIP in gastric cancer, esophageal squamous cell carci-
noma and glioma (27-29). In the first report of HOTTIP in OS
by Li et al, the analysis of the association between HOTTIP
expression levels and several clinicopathological features of
patients with OS revealed that high HOTTIP expression was
associated with distant metastasis (23). In vitro experiments
from the same study demonstrated that knockdown of HOTTIP
inhibited OS cell migration and invasion (23). Therefore, the
results of the present study validated their findings and veri-
fied the promotion of EMT by HOTTIP in OS cells.

The relationship between HOTTIP and the Wnt/B-catenin
signaling pathway in OS cells has been described by
Li et al (24). HOTTIP overexpression leads to increased
expression of cyclin D1, cyclin-dependent kinase 4 and
[-catenin proteins, which are the effectors of the Wnt/B-catenin
signaling pathway (24). The activation of Wnt/f-catenin
signaling by HOTTIP is associated with the pro-growth and
chemoresistance roles of HOTTIP in OS cells (24). Recently,
a study from colorectal cancer revealed that knockdown
of HOTTIP inhibited cell proliferation and migration, and
significantly suppressed the expression of glycogen synthase
kinase 3, B-catenin and c-Myc (30). The results of the present
study demonstrated that knockdown of HOTTIP decreased the
expression of B-catenin and c-Myc at both mRNA and protein
levels. In addition, c-Myc overexpression increased HOTTIP
expression. Thus, HOTTIP and c-Myc may form a positive
feedback loop. The reciprocal regulation between HOTTIP
and c-Myc may explain the upregulation of HOTTIP in OS, as
elevated c-Myc expression may determine the upregulation of
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HOTTIP. Conversely, c-Myc overexpression may promote OS
cell migration and invasion in vitro, which may be related to
the pro-metastatic role of HOTTIP in OS cells.

In conclusion, the results of the present study
demonstrated that IncRNA HOTTIP was overexpressed
in OS and may facilitate migration, invasion and
EMT in vitro by forming a positive feedback loop with
c-Myc. However, there are still several limitations. Firstly,
the oncogenic roles of HOTTIP in OS cells need to be
confirmed by in vivo data in the near future. Secondly, the
molecular mechanisms governing the reciprocal regulation
of HOTTIP and c-Myc remain largely unclear. Finally,
HOTTIP may have an impact on OS progression via other
pathways. The findings of the present study support that
HOTTIP may serve as a promising therapeutic target in the
treatment of OS.
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