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LncRNA HOTTIP facilitates cell proliferation, invasion, and migration in
osteosarcoma by interaction with PTBP1 to promote KHSRP level

Xin-Yu Yao, Jian-Fan Liu, Yi Luo, Xue-Zheng Xu, and Jie Bu

Department of Orthopaedics, Hunan Cancer Hospital and The Affiliated Cancer Hospital of Xiangya School of Medicine, Central South

University, Changsha, Hunan, P.R. China

ABSTRACT

This study designs to investigate the role and potential mechanism of IncNRA HOTTIP in OS
progression in vitro and in vivo. HOTTIP, PTBP1, and KHSRP expression levels were tested through
gRT-PCR and western blot in OS tissues or cell lines. Cell proliferation was examined via CCK-8 and
colony formation. Cell cycle and apoptosis were analyzed via flow cytometry analysis. The invasive
and migratory abilities of OS cells were evaluated by transwell and wound-healing assays. The
localization of HOTTIP in OS cells was determined by subcellular fractionation assay. RNA pull
down and RNA immunoprecipitation were allowed to assess the interaction between HOTTIP and
PTBP1. Xenograft tumor growth assay was employed to test the role of HOTTIP and KHSRP in OS
progression. Our data demonstrated HOTTIP was upregulated in OS tissues. HOTTIP knockdown
resulted in a suppression of OS cell proliferation, invasion and migration, as well as a promotion of
OS cell apoptosis, while HOTTIP overexpression exhibited opposite effects. In mechanism, PTBP1
and KHSRP highly expressed in OS and HOTTIP was identified to interact with PTBP1 to promote
KHSRP expression. Meanwhile, we found that overexpression of KHSRP or PTBP1, individually, can
partially remove the repression of HOTTIP suppression for OS cell progression. Moreover, xeno-
graft tumor growth assay revealed that HOTTIP knockdown significantly inhibited tumor growth,
and this inhibitory effect was abolished by KHSRP overexpression. Collectively, these findings
confirmed that HOTTIP facilitates OS cell proliferation, invasion and migration by binding to PTBP1
to promote KHSRP level.

Abbreviation: LncRNA: long noncoding RNA; HOTTIP: HOXA distal transcript antisense RNA;
KHSRP: KH-Type Splicing Regulatory Protein; qRT-PCR: quantitative real-time PCR; OS: osteosar-
coma; OST: osteosarcoma tissues; ANT: adjacent normal tissue.
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Introduction

Osteosarcoma (OS), as a common malignant bone
tumor, has become the primary cause of tumor-
related death in children and adolescents [1,2]. Due
to its invasive and metastatic properties, the morbidity
and mortality of OS were both higher than other
primary bone tumors [3]. Clinical data showed the
five-year survival rate of the OS patients with distant
metastasis is even less than 30% [4]. Although some
treatments, such as chemotherapy, radiotherapy and
surgery, have been adopted to increase the survival
rate of the OS patients, the prognosis remains poor
due to the multiple and complex mechanisms [5].
Therefore, seeking for several new therapeutic targets
of OS and finding out innovative therapies are highly
expected. Nowadays, with the exploration of the
research development at the molecular level, the

related molecular mechanism of OS has attracted
lots of attention.

With the rapid development of next-generation
sequencing, more and more RNA molecules have
been identified to be correlated with the pathogenesis
of various human diseases. Recently, many studies
indicated that long non-coding RNAs (IncRNAs),
more than 200 nucleotides, may be related to the
modulation of the development of OS [6,7]. Among
which, IncRNA Homeobox A transcript at the distal
tip (HOTTIP), originated from HOTTIP gene that
located at 5" end of the HOXA gene cluster, was
originally identified in distal human fibroblasts such
as those from the foreskin, foot or hand [8,9]. It has
been reported to be upregulated in the OS tissues and
its upregulation was closely related with the poor
prognosis of the patients [10]. Furthermore,
HOTTIP could promote OS cell migration and
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invasion [11]; however, the mechanisms in OS pro-
gression are still unclear.

KH-type splicing regulatory protein (KHSRP) is
a multifunctional molecule that has a positive role
in cell proliferation, invasion, and migration in
cancers [12,13]. Also, KHSRP was identified to
be increased in primary cell culture of OS, and
its silencing significantly suppressed OS cell pro-
liferation and migration, indicating that KHSRP is
an oncogene of OS [14]. On the other hand, Gou
et al. found that IncRNA AB074169 bound KHSRP
and decreased its expression in papillary thyroid
carcinoma [15]. In addition, KHSRP was found to
be modulated by HOTTIP in OS cells.
Nevertheless, how IncRNA HOTTIP regulates the
level of KHSRP in OS needs to be further explored.

Polypyrimidine  tract-binding  protein 1
(PTBP1), known as an RNA binding protein, reg-
ulates nearly all processes of mRNA like alterna-
tive splicing, mRNA stability. Previous study has
revealed that IncRNA could increase gene mRNA
stability via interacting with PTBP1 [16].
Moreover, PTBP1 was reported to accelerate
tumor cell growth, migration, and invasion in
breast cancer [17], bladder cancer [18], clear-cell
renal cell carcinoma [19], and so on. Prediction
based on starBase database (http://starbase.sysu.
edu.cn/), HOTTIP and KHSRP may potentially
bind to PTBP1. However, little is known regarding
the function of PTBPI in OS.

To our understanding, IncRNAs can bind to
PTBP1 to enhance mRNA stability and regulate
various biological processes. Here, we hypothesize
a regulation mechanism that HOTTIP facilitates
cell proliferation, invasion, and migration through
binding to PTBP1 to promote KHSRP level, aim-
ing to better understand the function mechanism
of HOTTIP in OS progression.

Materials and methods
Clinical specimen collection

Twenty human OS tissues (OST) and the matched
normal ones (ANT, located >3 cm distal margin of
the tumor) were removed from OS patients (the
clinical characteristics in Table 1) who were
underwent surgery at Hunan Cancer Hospital

Table 1. The clinicopathological features of patients with
osteosarcoma.

Variable Group Cases (n)
Age, years <20 12
>20 8
Gender Male 1
Female 9
Distant metastasis Yes 7
No 13
TNM stage -1l 14
1l} 6
Anatomic location Femur/tibia 16
Elsewhere 4
Primary tumor diameter (cm) <5 1
>5 9

(Changsha, China). All specimens were stored at
-80°C for subsequent experiments, and the
informed consent had been signed by all patients.
The application of tissues was approved by the
Medical Ethics committees of Hunan Cancer
Hospital.

Cell culture

Saos-2 (Catalog No: TCHull4), MG63 (Catalog
No: TCHul24), U20S (Catalog No: TCHu 88),
HOS (Catalog No: TCHull167) and hFOB 1.19
(Catalog No: GNHul4) cell lines were all obtained
from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China), and maintained in
a humidified atmosphere (37°C, 5% CO,) using
DMEM medium (Gibco, CA, USA) added with
10% (v/v) fetal bovine serum (Gibco, CA, USA)
and 100 U/mL penicillin-streptomycin
(Invitrogen, CA, USA). OS cells were cultured at
37°C in a humidified 5% CO, atmosphere, while
hFOB 1.19 cells were placed under the condition
of 5% CO, and 34°C.

Cell transfection

To silence the expression of HOTTIP and PTBPI,
negative control (si-NC), si-HOTTIP and si-PTBP1
were purchased from Genepharma (Shanghai,
China). To enhance the expression of HOTTIP,
PTBP1, and KHSRP, HOTTIP, PTBP1, and KHSRP
cDNA was cloned into the multiple cloning site of the
pcDNA3.1 vector termed pcDNA3.1-HOTTIP/
PTBP1/KHSRP, and negative control was
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pcDNA3.1-NC (RiboBio, Guangzhou, China). Cell
transfection was achieved using Lipofectamine 3000
(Invitrogen, USA) following the manufacturer’s pro-
tocols at probably 80% cell confluence.

Total RNA extraction and quantitative real-time
PCR (qRT-PCR)

Total RNA of OS tissues and cells were prepared
using TRIzol® reagent (Invitrogen) and reverse
transcripted into cDNA. gRT-PCR processes were
done with SYBR Green qPCR Master Mix using
a 7500 Thermocycler (Applied Biosystems, USA).
The relative expression levels of genes were normal-
ized to GAPDH through a 27" method. The
primer sequences of genes are listed in Table 2.

CCK-8 assay

Cell viability was examined using a cell counting
kit-8 (CCK-8; Dojindo, Japan). In brief, 100 pL cell
suspension (1 x 10° cells/mL) was seeded in the
96-well plates before transfection. After the time
point of 24, 48, 72 h, CCK-8 solution (10 pL) was
added and incubated for additional 4 h at room
temperature. The absorbance was determined by
a microplate reader at 450 nm.

Colony formation assay

To evaluate the ability of colony formation, treated
OS cells were seeded into 6-well plates and trans-
fected with plasmids. After two weeks of culture,
colonies were fixed with 10% methanol, and then
stained with 1% crystal violet for 5 minutes.

Table 2. The primer sequences of genes used in qRT-PCR.
Genes Forward primers Reverse primers

GAPDH 5'-GAGTCCACTGGCGTCTTCA 5'-GGTCATGAGTCCTTCCACGA
-3 -3

HOTTIP 5'- 5"-TTCTCATGCTGGCTGGACTG

ACTTTCTGGCCGTTTCACCA- -3/

3

PTBP1 5'- 5'-

TGCGCATCGACTTTTCCAAG-

3

ATTATACCAGGTGCACCGAAGG-3’

KHSRP

5'-AGATCAACCGGAGAGCAAGA-3’

5"-TCCTGTCAAGGACACACTGC-3’
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Subsequently, the colonies were imaged and
counted by an optical microscope.

Cell cycle analysis

Treated OS cells were stained with propidium
iodide (Sigma, USA) for 10 min in dark after
fixation in 75% ethanol. After washed three times
with PBS, cell cycle was tested via flow cytometry
(FACSC alibur, BD, USA).

Cell apoptosis assay

For the determination of cell apoptosis, the collected
OS cells were seeded into 6-well plates. Then, the cell
samples were fixed with prechilled 70% alcohol
(room temperature, 1 h). After washed with PBS,
the cells were stained with 10 uL propidium iodide
(PI) buffer and 5 pL. Annexin V-fluorescein isothio-
cyanate (FITC) for 15 min (protected from light).
Apoptotic rate was detected using a flow cytometry
(Beckman Coulter, USA) and analyzed with Flow]o
software (LLC, USA).

Cell invasion assay

Cell invasion assay was carried out in a Matrigel
coated transwell chamber (Corning, NY, USA).
The upper chamber was filled with 200 pL of FBS-
free DMEM medium contained 1 x 10° cells.
DMEM containing 10% FBS was then added into
the lower chamber. After incubation, the non-
invading cells were removed, and the invaded
cells were fixed with 4% paraformaldehyde and
stained with 1% crystal violet solution for
30 min. After washed, the invasive cells were
observed by an optical microscope and counted
in five randomly selected fields.

Cell migration assay

Cell migration ability was investigated by a wound-
healing assay. Briefly, the transfected cells were plated
into the 6-well plates at a concentration of 5 x 10* cells
per well and grown to nearly 100% confluence. Then,
a straight scratch was made in the cell monolayer
through a sterile plastic micropipette tip.
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Subsequently, the cells were cultured at 37°C in the
cell incubator. Images were taken at 0 and 24 h,
respectively, using an optical microscope. The
wound areas were analyzed by Image ] software and
calculated using the formula (So 1, - S24 1)/So n X 100%.

Western blot

Total proteins were harvested from cells lysed on
ice for 1 h and the proteins concentrations were
then measured. Proteins (30 pg) were isolated with
SDS-PAGE electrophoresi and then transferred to
a polyvinylidene fluoride (PVDF) membrane
(Millipore, Beford, MA, USA). After blocked with
5% nonfat milk, the membrane was incubated with
the primary antibodies (PTBP1, 1:2000; {-catenin,
1:1000; cyclin D1, 1:5000; c-myc, 1:1000; GAPDH,
1:10000; Abcam, USA) followed by secondary anti-
bodies (1:2000, Abcam, USA). The bands were
visualized by enhanced chemiluminescence Kkit.

Subcellular fractionation assay

The cytoplasmic and nuclear RNAs were isolated
using NE-PER Reagent (Thermo Scientific), fol-
lowed by qRT-PCR examination. The percentage
of RNA levels were normalized to Ul and
GAPDH, respectively.

RNA pulldown assay

First, the biotinylated IncRNA HOTTIP RNAs and
antisense transcripts were transcribed in vitro. Then,
biotin-labeled RNAs were incubated with RNase-
free DNase I (Invitrogen), and Sephadex G-50
Quick Spin Columns (Sigma, USA) were used for
purification. Subsequently, cell lysates and obtained
RNAs were co-incubated at 4°C for two hours. After
1 h treatment with Dynabeads™ MyOne™
Streptavidin T1 (Invitrogen), the proteins bound to
HOTTIP were detected by western blot assay.

RNA immunoprecipitation (RIP) assay

For RIP assay (using Magna RIP Kit from Millipore),
cells were treated with lysis solution for 0.5 h at 4°C.
Then, obtained cell extracts were incubated overnight

with RIP buffer containing magnetic beads conju-
gated with anti-Ago2 (Millipore) or negative control
immunoglobulin G (IgG; Millipore) at 4°C. After
incubation and washing, the precipitated RNAs were
determined by qRT-PCR analysis.

RNA stability measurement

Cells were seeded into 6-well plates and cultured for
24 h, followed by incubation with 5 pug/mL actino-
mycin D (Sigma) for 0, 2, 4 h. After treatment, total
RNAs were isolated and performed KHSRP mRNA
level assessment by qRT-PCR analysis.

Xenograft tumor growth

Animals (nude mice, eight-week old, male) were
supplied by SLAC Laboratory Animal Co., Ltd
(Shanghai, China). Animal manipulations were per-
formed following the NIH guidelines, and the pro-
tocols were approved by the Animal Care and Use
Committee of our hospital. U20S cells (2 x 10° cells
in 100 pL) stably carrying si-HOTTIP or
pcDNA3.1-KHSRP were subcutaneously deliver
into the back of nude mice. Tumor size was exam-
ined every six days from the injection day to day 30
after injection. Tumor volume was measured by
following formula: V = 0.5 (long diameter) x (short
diameter). Animals were sacrificed on day 30 and
tumors were removed and weighed.

Statistics

All experiments were replicated at least three times
and all data were presented as mean + SD. The
Student’s t-test (for two groups) or One-way
ANOVA (for multiple groups) were performed in
the data analysis using GraphPad Prism 6.0 software.
p value less than 0.05 was considered statistically
significant.

Results

HOTTIP is strongly expressed in the OS tissues
and cells

We firstly determined the expression pattern of
HOTTIP in the OS tissues and cells. As results



indicated that the level of HOTTIP was obviously
increased in the tissues compared with adjacent
normal ones (Figure 1(a)). Moreover, the
HOTTIP expression level in the OS cells were
also remarkably higher than that in the hFOB
1.19 cells (Figure 1(b)). Among these cell lines,
the expression levels of HOTTIP were much
higher in U20S and Saos-2 cells that were chosen
for further experiments. These results indicated
that HOTTIP is highly expressed in the OS tissues
and cells, and may play an important role in OS
progression.

Downregulation of HOTTIP induces apoptosis
and inhibits proliferation, invasion and
migration in OS cells

For the investigation of the effect of HOTTIP on
the OS development, we silenced the HOTTIP and
observed the change of cell proliferation, invasion,
and migration. As indicated in Figure 2(a), the
HOTTIP level was obviously downregulated after
the si-HOTTIP transfection. Downregulation of
HOTTIP significantly decreased OS cell viability,
clone number and promoted apoptosis, cell num-
ber of GO/G1 phase compared with cells trans-
fected with si-NC (Figure 2(b-e)). In addition,
the biological function of HOTTIP on cell inva-
sion and migration in OS cells were determined by
transwell invasion assay and wound healing assay,
respectively. HOTTIP silence in OS cells results in
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an apparent downregulation in the invaded cell
number (Figure 2(f)) and cell migration ability

(Figure 2(g)).

Overexpression of HOTTIP promotes
proliferation, invasion and migration in OS cells

Next, we examined the influences of HOTTIP
overexpression on OS progression in vitro. After
transfection of pcDNA3.1-HOTTIP, the expres-
sion of HOTTIP was dramatically increased in
Saos-2  and U20S cells (Figure 3(a)).
Overexpression of HOTTIP in Saos-2 and U20S
cells obviously increased the cell viability (Figure 3
(b)), decreased the cell number of GO/G1 phase
(Figure 3(c)), and increased colony number
(Figure 3(d)). These findings suggested that
HOTTIP overexpression facilitated OS cell prolif-
eration in vitro. Moreover, we found that HOTTIP
overexpression significantly enhanced the invasive
and migratory abilities of Saos-2 and U20S cells
(Figure 3(e,f)). These results provided evidence
that HOTTIP positively regulates OS development
and promotes cell proliferation, invasion, and
migration.

HOTTIP interacts with PTBP1 and increases its
expression

In previous study, IncRNA could increasing its
target gene via interacting with PTBP1 [16]. And

*%

Relative HOTTIP expressiol

0-

hFOB 1.19 Saos-2 U20S MG63 HOS

Figure 1. HOTTIP is strongly expressed in the OS tissues and cells. (a) gRT-PCR analysis of the expression level of HOTTIP in the
Osteosarcoma tissues (OST) and adjacent normal tissue (ANT). (b) The relative HOTTIP expression in the OS cells (Saos-2, MG63,
U20S, HOS) and the normal osteoblast hFOB1.19 cells. All data were represented by 3 independent experiments. *P < 0.05;

**P < 0.01.
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Figure 2. Downregulation of HOTTIP induces apoptosis and inhibites proliferation, invasion and migration in OS cells. (a) qRT-PCR
analysis of the HOTTIP expression level in U20S and Saos-2 cells after HOTTIP silencing. (b) CCK-8 assay was used to evaluate the
effect of HOTTIP knockdown on U20S and Saos-2 cells viability. (c) Cell cycle of U20S and Saos-2 cells treated with si-NC or si-HOTTIP
was analyzed using flow cytometry analysis. (d) Colony formation assay analyzed the function of si-HOTTIP on cell colony formation
capacity. (e) Cell apoptosis in OS cells was measured with Annexin V-PI staining followed by flow cytometry. (f) Invasion of OS cells
was determined by transwell assay. (g) Wound healing assay was performed to assess the migratory capacity of U20S and Saos-2
cells. All data were represented by 3 independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 3. Overexpression of HOTTIP promotes proliferation, invasion and migration in OS cells. (a) qRT-PCR analysis of the HOTTIP
expression level in U20S and Saos-2 cells after HOTTIP overexpression. (b) CCK-8 assay was used to evaluate the effect of HOTTIP
overexpression on U20S and Saos-2 cells viability. (c) Flow cytometry was adopted to detect cell cycle of U20S and Saos-2 cells after
HOTTIP overexpression. (d) Colony formation assay was employed to test the influences of HOTTIP overexpression on cell
proliferation. (e, f) Transwell and wound-healing assays were performed to test the invasive and migratory abilities of OS cells
after HOTTIP overexpression. All data were represented by 3 independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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we predicted the binding between PTBP1 and
HOTTIP through starBase and used the RNA
pull down and RIP assays to validate the predicted
correlation. First, we found that IncRNA HOTTIP
was located in both cytoplasm and nucleus in
Figure 4(a). Taken together, results of RNA pull
down and RIP suggested that HOTTIP specifically
interacted  with  PTBP1  (Figure  4(b,c)).
Furthermore, the expression levels of PTBP1
(mRNA and protein) were significantly down-
regulated by si-HOTTIP while up-regulated by
pcDNA3.1-HOTTIP in OS cells (Figure 4(d-g)).
These results demonstrated that HOTTIP might
bind to PTBP1 to regulate the target gene
expression.

PTBP1 restoration attenuates the effects of
HOTTIP knockdown on proliferation, migration,
and invasion in OS cells

We then investigated whether PTBP1 involves in
the functional effects of HOTTIP on OS cell. By
transfecting Saos-2 and U20S cells with si-
HOTTIP and pcDNA3.1-PTBP1, we found that
the repressive effects of si-HOTTIP on cell viabi-
lity, proliferation, invasion, and migration were
abolished by the co-transfection of si-HOTTIP
and pcDNA3.1-PTBP1 (Figure 5(a-e)). These
results indicated that PTBP1 restoration attenuates
the effects of HOTTIP knockdown on prolifera-
tion, migration, and invasion in OS cells.
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Figure 4. HOTTIP interacts with PTBP1 and increases its expression. (a) qRT-PCR detection of the percentage of HOTTIP, GAPDH and
U1 in the cytoplasm and nuclear fractions of U250 and Saos-2 cells. (b) RNA pull down analysis on the binding of HOTTIP to PTBP1.
(c) RIP assay was used to detected the interaction of HOTTIP with PTBP1 in U2SO and Saos-2 cells. (d, e) The mRNA and protein levels
of PTBP1 were detected by qRT-PCR and western blot in OS cells treated with pcDNA3.1-HOTTIP. All data were represented by 3

independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.



HOTTIP modulates the expression of KHSRP
through binding to PTBP1

In order to further investigate the mechanism of
HOTTIP in regulating OS development, we also
predicted the binding between PTBP1 and KHSRP
by starBase. As can be seen in Figure 6(a,b), the
expression levels of PTBP1 and KHSRP were
higher in OS tissues. We then found a positive
correlation between the expression level of
PTBP1 and KHSRP or HOTTIP (Figure 6(c,d)).
Moreover, both mRNA and protein levels of
KHSRP were markedly decreased by suppression
of PTBP1 and increased by overexpression of
PTBP1 in Saos-2 and U20S cells (Figure 6(e-g)).
Then, we assessed the effect of PTBPI1 silencing
and PTBP1 overexpression on the stability of
KHSRP mRNA by qRT-PCR. Knockdown of
PTBP1 in OS cells could decrease the mRNA sta-
bility of KHSRP while PTBP1 up-regulation
increased the mRNA stability of KHSRP when
treated with actinomycin D (Figure 6(h,i)). And
we demonstrated that PTBP1 overexpression
partly reversed the downregulation of KHSRP
induced by HOTTIP suppression in OS cell lines
(Figure 6(j,k)). Collectively, HOTTIP promotes the
expression of KHSRP via binding to PTBP1.

KHSRP involves in HOTTIP facilitated OS
progression in vitro

Lastly, the rescue assays were performed to further
validate whether HOTTIP promoted OS cell pro-
liferation, invasion, and migration by upregulating
KHSRP. From the results of CCK-8, colony for-
mation and flow cytometry assays, the HOTTIP
downregulation significantly inhibited the cell via-
bility, arrested cell cycle, attenuated colony-
formation ability and promoted apoptosis, how-
ever, KHSRP overexpression could relieve these
effects of HOTTIP suppression (Figure 7(a-d)).
Meanwhile, upregulation of KHSRP abolished the
repression of si-HOTTIP in cell invasion and
migration (Figure 7(e,f)). Additionally, we found
that HOTTIP knockdown significantly decreased
the protein expression of B-catenin, cyclin D1 and
c-myc, while KHSRP overexpression abolished this
trend (Figure 7(g)). These results further
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confirmed the hypothesis that HOTTIP facilitates
OS progression via Wnt/p-catenin signaling path-
way by interacting with PTBP1 to increase KHSRP
level.

KHSRP involves in HOTTIP facilitated OS
progression in vivo

We then investigate whether KHSRP involves in
HOTTIP facilitated OS progression in vivo. By
injecting U20S cells carrying si-HOTTIP or
pcDNA3.1-KHSRP into nude mice, we found
that tumors originated from si-HOPPIP treated
U20S cells were obviously smaller compared to
the one from si-NC group, while tumors origi-
nated from si-HOPPIP and pcDNA3.1-KHSRP
treated U20S cells were restored to si-NC level
(Figure 8(a-c)). Moreover, we found the expres-
sion of KHSRP in the tumors of si-HOPPIP trea-
ted group was significantly downregulated, while it
was restored to normal level in the tumors of si-
HOPPIP and pcDNA3.1-KHSRP treated group
(Figure 8(d)). Therese results indicated that
KHSRP overexpression reversed the inhibitory
effects of HOTTIP knockdown on OS tumor
growth.

Discussion

Currently, researchers have highlighted the impor-
tant roles of IncRNAs in the initiation and pro-
gression of human tumors by acting as tumor
oncogenes or suppressors through multiple
mechanisms [20,21]. As reported, increasing
IncRNAs have been validated to participate in the
progression of OS [6,22]. Fei et al. showed that
IncRNA ROR promoted OS progression by target-
ing miR-206 [23]. Additionally, IncRNA ANRIL
was associated with a poor prognosis of OS and
promotes tumorigenesis via PI3K/Akt pathway
[24]. These results implied that IncRNAs may be
potential diagnostic and therapeutic targets of OS.
Among these IncRNAs, HOTTIP was found to be
increased and correlated with poor prognosis in
OS patients by Li et al. in 2015 [10]. Furthermore,
HOTTIP overexpression could enhance the
chemo-resistance of OS cells to cisplatin [25].
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HOTTIP may serve as one of the potential bio-
markers and therapeutic targets of OS. In the pre-
sent study, we demonstrated HOTTIP was
upregulated in OS, and silence of the HOTTIP
decreased the cell proliferation, migration, inva-
sion, and increased the cell apoptosis, while
HOTTIP overexpression exhibited opposite
effects. Taken together, HOTTIP positively regu-
lated OS progression, which provided a potential
target for treating OS. However, the regulatory
mechanisms of HOTTIP in OS need further to
be explored.

With the rapid development of the biomedical
field, researchers gradually discovered that the
organism is a complex system, there may be the
mutual regulation relationship between the various
genes, thus forming a complex regulatory network.
And they found some mutual regulations between
mRNA and IncRNA [26,27]. The IncRNA can be
a competitive endogenous RNA (ceRNA) to com-
bine with the microRNA and further involved in the
regulation of mRNA expression [28]. HOTTIP was

revealed to play a critical role in the tumorigenesis
of various human tumors by acting as microRNA
sponges to regulate corresponding oncogene or
tumor suppressor gene [29,30]. LncRNA was also
reported to bind to enhancer of zeste homolog 2
(EZH2), thereby repressing LATS2 expression in
renal cell carcinoma [27]. In addition, IncRNA
could increasing its target gene level via interacting
with RNA-binding proteins and further participate
in disease process [16,31]. PTBP1 is one of the most
investigated multifunctional RNA-binding proteins,
controlling almost all steps of mRNA metabolism
and processing. However, there are no reports on
PTBPI in OS. It is reported that IncRNA H19 could
bind to PTBP1 to promote mRNA and protein
expression levels of target gene in the development
of fatty liver [32]. In the present work, for the
investigation of the regulatory mechanism of
HOTTIP in OS, we investigated the mutual relation-
ship between HOTTIP and PTBP1, PTBPI, and
KHSRP. LncRNA HOTTIP regulates KHSRP
expression by interacting with PTBP1. KHSRP is
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a tumor-promoting effector in various cancers.
KHSRP could control colorectal cancer cell growth
and modulates the tumor microenvironment [13].
In this study, KHSRP was highly expressed in OS
tissues, and a positive correlation between the
expression level of PTBP1 and KHSRP or HOTTIP
in clinical samples. Besides, PTBP1 overexpression
not only increased the mRNA level of KHSRP but
also abolish the downregulation of KHSRP induced
by si-HOTTIP. Further, PTBP1 or KHSRP could
partially reverse the function of HOTTIP inhibition
in cell proliferation, apoptosis, migration, and inva-
sion. As reported, Wnt/p-catenin signaling pathway
was involved in the tumor cell proliferation, apop-
tosis, and metastasis [25]. We also found HOTTIP
knockdown significantly decreased the activation of
Wnt/B-catenin pathway, while KHSRP overexpres-
sion abolished this effect. These results confirmed
that HOTTIP facilitated OS progression via Wnt/p-
catenin pathway by regulating PTBP1/KHSRP axis
in vitro. Additionally, we further confirmed the
inhibitory effects on OS tumor growth using
in vivo xenograft tumor growth assay.
Nevertheless, there are some limitations, like roles
in multidrug resistance, etc., are also need to explore
in the future.

In general, our study revealed the regulation
mechanism of HOTTIP in the OS and
figured out HOTTIP regulates KHSRP expression
by interacting with PTBP1. This research contrib-
uted to a better understanding of the development
mechanism of OS at the molecular level and pro-
vided a new therapeutic target for OS.
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