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Abstract: Long non-coding RNAs (lncRNAs) have been identified as oncogenes or tumor suppressors that are in-
volved in tumorigenesis and chemotherapy resistance. HOTTIP is located at the 5’ tip of the HOXA locus and coor-
dinates the activation of multiple 5’ HOXA genes, which plays an important role in multiple cancers. However, its 
biological role in the development of the chemoresistance phenotype of osteosarcoma (OS) is still unknown. In this 
study, we explored the roles of lncRNA HOTTIP in the initiation and chemoresistance of OS. We found that HOTTIP 
was increased in OS and up-regulated expression of HOTTIP could promoted OS cell proliferation and cell cycle 
progression by activating the Wnt/β-catenin pathway. Down-regulated expression of HOTTIP inhibited cell prolifera-
tion and arrested cell cycle at G1 phase by inhibition of Wnt/β-catenin pathway. Furthermore, our data showed 
that increased expression of HOTTIP was correlated with chemoresistance in OS. In vitro, HOTTIP induced cellular 
resistance to cisplatin by activating the Wnt/β-catenin pathway, which could be reversed by treatment with the 
Wnt/β-catenin inhibitor. Taken together, these findings indicated that HOTTIP play a pivotal role in OS cell initiation 
and chemoresistance via activating Wnt/β-catenin signaling pathway, which suggested potential use of HOTTIP for 
the treatment of osteosarcoma.
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Introduction

Osteosarcoma (OS) is the most common pri-
mary malignant bone tumor in children and 
adolescents [1]. In the past, the most common 
treatment for osteosarcoma was amputation 
[2]. Although the 5-year survival rate for 
patients with osteosarcoma has significantly 
improved, many patients are insensitive to 
available chemotherapeutics and have poor 
prognoses [3]. Therefore, a better understand-
ing of the underlying molecular mechanisms  
of chemoresistance is urgently required for 
improved osteosarcoma treatment.

Recently, studies using a combination of vari-
ous genome-wide approaches, such as the 
ENCODE project, have shown that the majority 
of the mammalian genome is transcribed, but 
only approximately 1.2% of these transcripts 
represent protein-coding genes [4]. Among 

these non-protein-coding transcripts, long  
non-coding RNAs (lncRNAs), which are greater 
than 200 nt in length, are characterized by  
the diversity and complexity of their sequences 
and action mechanisms [5]. Recent studies 
showed that lncRNA play an important role in 
diverse biological processes, including embry-
onic development, cell growth and tumorigene-
sis, by regulating gene expression at the tran-
scriptional, post-transcriptional and transcrip-
tional levels [6, 7].

The HOXA transcript at the distal tip (HOTTIP) 
lncRNA, located at the 5’ end of the HOXA clus-
ter, was recently functionally characterized [8]. 
The activity of HOTTIP is a result of its interac-
tion with the WDR5/MLL complex, which 
enhances histone H3 lysine 4 trimethylation to 
activate the expression of multiple 5’ HOXA 
genes [9]. Recent studies showed that HOTTIP 
play a major role in tumor progression. For 
example, Quagliata et al. found that HOTTIP 
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was a negative prognostic factor in hepatocel-
lular carcinoma patients, and increased HOTTIP 
expression was associated with enhanced 
hepatocellular carcinoma metastasis [10]. 
Zhang et al. found lncRNA HOTTIP was highly 
expressed in tongue squamous cell carcinoma 
and positively correlated with T stage, clinical 
stage, distant metastasis and unfavorable 
prognosis [11]. Li et al. revealed that lncRNA 
HOTTIP could promote progression and gem-
citabine resistance by regulating HOXA13 in 
pancreatic cancer [12]. In a recent study, 
HOTTIP was reported to be significantly up-reg-
ulated in human osteosarcoma tissues, which 
correlated with advanced clinical stage, distant 
metastasis and unfavorable prognosis [13]. 
Considering its multiple functions, we hypothe-
sized that HOTTIP might be involved in the initi-
ation and chemoresistance of osteosarcoma. 
Thus, in this study, we explored the underlying 
mechanisms of HOTTIP in the regulation of pro-
liferation and chemoresistance of osteosarco-
ma cells. 

Materials and methods

Patient samples and cell lines

A total of 21 pairs of OS tissues and adjacent 
non-tumor tissues were available from patients 
who underwent surgery at The First Affiliated 
Hospital of Zhengzhou University and Shanghai 
First People’s Hospital. The diagnosis of osteo-
sarcoma was confirmed pathologically. All the 
tissue samples were collected, immediately 
snap frozen in liquid nitrogen, and stored at 
-80°C until use. The study was approved by the 
Research Ethics Committee of The First 
Affiliated Hospital of Zhengzhou University. 
Informed consent was obtained from all 
patients.

Human OS cell lines (SaOS2, MG63 and U2OS) 
and the human osteoblastic cell line (hFOB1.19) 
were purchased from the American Tissue 
Culture Collection. hFOB1.19 cells were cul-
tured in Ham’s F12/DMEM (Gibco) supplement-
ed with 10% fetal bovine serum (Gibco, FBS), 
Human OS cells were cultured in RPMI 1640 
(Gibco) supplemented with 10% FBS, 100 U/
mL penicillin and 100 mg/mL streptomycin 
(Invitrogen). Cells were incubated at 37°C with 
5% CO2 in a humidified chamber. 

Plasmid construction and cell transfection

The HOTTIP sequence was subcloned into the 
pcDNA3.1 vector (Invitrogen). HOTTIP Ectopic 

expression was achieved through pcDNA3.1-
HOTTIP transfection using lipofectamine 2000 
(Invitrogen), with an empty pCDNA3.1 vector 
used as a control. The si-HOTTIP and si-NC 
were purchased from Genepharm (Shanghai, 
China). The si-HOTTIP and si-NC was transfect-
ed into OS cells using lipofectamine 2000 
(Invitrogen) according to the manufacturer’s 
instructions. Cells were collected 48 h after 
transfection. The expression levels of HOTTIP 
were calculated by qRT-PCR.

Cell proliferation assay 

Cell proliferation was analyzed by using cell 
counting assay Kit-8 (CCK-8) (DOJINDO) accord-
ing to the manufacture’s protocol. Cells were 
incubated in 10% CCK-8 diluted in normal cul-
ture media at 37°C until the visual color conver-
sion occurred. Proliferation rates were deter-
mined at 0, 24, 48 and 72 h after transfection. 
The absorbance of each well was measured 
with a microplate reader set at 450 nM.

Colony formation assay

To assess colony formation, 100 cells/well 
were plated into 6-well plates and routinely cul-
tured for 2 weeks. Then, cells were fixed with 
prechilled 10% methanol and stained with 0.5% 
crystal violet. The colony numbers (containing 
more than 50 cells) were counted under an 
optical microscope. This experiment was repli-
cated in triplicate and at least three times.

Cell cycle analysis 

After 48 h transfection, the OS cells were col-
lected and washed with phosphate buffered 
saline (PBS). The washed cells were re-sus-
pended in PBS and fixed in 75% ethanol. Then, 
the fixed cells were stained with propidium 
iodide (PI) supplemented with RNaseA (Sigma) 
for cell cycle analysis with a FACScan flow 
cytometer (BD Biosciences). Data were collect-
ed and analyzed with the ModFit software (BD 
Biosciences). 

RNA extraction and qRT-PCR analyses

Total RNA was isolated from tissues using 
TRIzol reagent (Invitrogen), and cDNA was syn-
thesized with PrimeScript reverse transcriptase 
(TaKaRa) and oligo (dT) following the manufac-
turer’s instructions. Real-time PCR was per-
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formed using SYBR Premix Ex TaqTM II kit 
(TaKaRa). The conditions of real-time PCR were 
as follows: 94°C for 10 s, 94°C for 5 s, 52°C for 
30 s to anneal, 72°C for 15 s followed by 40 
cycles. The primers are as follows: HOTTIP,  
forward primer: 5’-CCTAAAGCCACGCTTCTTT- 
G-3’; reverse primer: 5’-TGCAGGCTGGAGATCC- 
TACT-3’; GAPDH, forward primer 5’-GTCAACG- 
GATTTGGTCTGTATT-3’ and reverse primer: 5’- 
AGTCTTCTGGGTGGCAGTGAT-3’. The relative 
expression levels of the gene of interest were 
calculated using the 2-ΔΔCt method. 

Western blotting analysis  

Cultured cells were lysed in RIPA buffer with 1% 
PMSF. Protein was loaded and separated by 
SDS-PAGE gel and transferred onto PVDF mem-
brane. The blots were probed with primary anti-
bodies at 4°C Covernight and subsequently 
incubated with HRP-conjugated secondary anti-
bodies. Signals were visualized using ECL 
Substrates (Pierce). GAPDH was used as an 
endogenous control.

Statistical analysis

Statistical analysis was carried out using SPSS 
version 18.0. Data is expressed as the mean ± 
SD from at least three separate experiments. 
Experimental results were assessed using chi-
square test, t test or ANOVA as appropriate. P 
value less than 0.05 was considered to be sta-
tistically significant.

Results

HOTTIP were upregulated in both OS tissues 
and cell lines

Expressions of HOTTIP in 21 paired tissue sam-
ples from OS patients and cell lines were 

explored. Compared with the expression levels 
of the adjacent non-tumor tissues, a significant 
increase of HOTTIP level was observed in OS 
tissues (Figure 1A; P<0.05). Three human OS 
cell lines were also investigate. The OS cell 
lines showed a remarkably high expression of 
HOTTIP compared to the human osteoblastic 
cell line (hFOB1.19) (Figure 1B; P<0.05). Those 
data indicated that HOTTIP play a major role in 
OS progression.

Overexpression of HOTTIP promoted cell pro-
liferation via activation of the Wnt/β-catenin 
pathway

To assess the biological effects of HOTTIP in 
OS, we increased HOTTIP expression by trans-
fecting pcDNA3.1-HOTTIP into MG63 cells, 
using control pcDNA3.1 as the negative con-
trol. After 48 h of transfection, qRT-PCR analy-
ses revealed that HOTTIP relative levels were 
significantly up-regulated compared with those 
cells transfected with the empty vector (Figure 
2A; P<0.05). The proliferation and colony for-
mation of pcDNA3.1-HOTTIP transfected MG63 
cells were determined. Compared with cells 
transfected with the empty vector, the pro- 
liferation and colony formation ability of 
pcDNA3.1-HOTTIP transfected cells was signifi-
cantly increased (Figure 2B and 2C; P<0.05, 
respectively). Next, we examined the levels of 
cyclin D1, CDK4 and β-catenin in the HOTTIP-
overexpressed MG63 cells. Our data showed 
that elevation of HOTTIP notably increased the 
expression levels of cyclin D1, CDK4 and 
β-catenin (Figure 2D; P<0.05). Cell cycle analy-
sis indicated that upregulated HOTTIP expres-
sion in MG63 cells significantly promoted cells 
into S phase (Figure 2E; P<0.05).

Figure 1. Expression of HOTTIP were increased in OS tissues and cell lines. A. Relative HOTTIP levels in OS tissues 
and adjacent non-tumor tissues. B. Relative HOTTIP levels in OS cell lines (SaOS2, MG63 and U2OS) and human 
osteoblastic cell line (hFOB1.19), *P<0.05.
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Figure 2. HOTTIP overexpression promoted cell growth and 
cell cycle by activating Wnt/ β-catenin pathway. (A) qRT-
PCR revealed that HOTTIP was efficiently overexpression 
by transfected with pcDNA3.1-HOTTIP in MG63 cells. (B, C) 
Overexpression of HOTTIP significantly promoted cell prolif-
eration (B) and enhanced colony formation (C) compared to 
the negative control (NC). (D) Overexpression of HOTTIP sig-
nificantly increased the expression levels of cyclin D1, CDK4 
and β-catenin in MG63 cells. (E). Overexpression of HOTTIP 
led an increase in the number of cells in the S phase and 
a decrease in the percentage of cells in the G0/G1 phase, 
*P<0.05.
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Figure 3. HOTTIP knockdown suppressed cell growth and cell cycle by 
inhibiting Wnt/β-catenin pathway. (A) qRT-PCR suggested that HOTTIP 
was efficiently downregulation by transfected with si-HOTTIP in MG63 
cells. (B, C) Decreased expression of HOTTIP significantly inhibited cell 
proliferation (B) and reduced colony formation (C) compared to the 
negative control (NC). (D) Decreased expression of HOTTIP significantly 
decreased the expression levels of cyclin D1, CDK4 and β-catenin in 
MG63 cells. (E) Reduced expression of HOTTIP led a decrease in the 
number of cells in the S phase and an increase in the percentage of 
cells in the G0/G1 phase. (F) In MG63 cells, higher HOTTIP expression 
predicted cellular resistance to cisplatin, *P<0.05.
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Knockdown of HOTTIP inhibited cell prolifera-
tion via inhibiting of the Wnt/β-catenin path-
way

We then downregulated the expression of 
HOTTIP by transfecting si-HOTTIP into MG63 
cells. After 48 h of transfection, our results 
showed that HOTTIP expression were signifi-
cantly down-regulated (Figure 3A; P<0.05). 
MTT assays were utilized to detect the impact 
of HOTTIP knockdown on proliferation of the 
MG63 cells. We found that siRNA transfection 
mediated HOTTIP knockdown significantly 
inhibited MG63 cell proliferation (Figure 3B; 
P<0.05). Furthermore, colony formation assays 
revealed that decreased expression of HOTTIP 
significantly reduced colony formation ability  
of OS cells (Figure 3C; P<0.05). Western blot-
ting analysis revealed that downregulation of 

HOTTIP decreased the expression levels of 
cyclin D1, CDK4 and β-catenin (Figure 3D; 
P<0.05). Cell cycle analysis found that down-
regulated HOTTIP expression in MG63 cells  
significantly induced G1 phase arrest (Figure 
3E; P<0.05). Then, we treated the OS cells  
with different doses of cisplatin. As shown, 
higher HOTTIP expression could predict cellular 
resistance to cisplatin (Figure 3F; P<0.05), sug-
gesting that HOTTIP might play an important 
role of HOTTIP in patients’ responses to 
chemotherapy.

HOTTIP induced the chemoresistance to cis-
platin through activation of the Wnt/β-catenin 
pathway

To explored the effects of HOTTIP on chemo-
sensitivity in OS cells. Separate overexpression 

Figure 4. HOTTIP induced the chemoresistance to cisplatin through activation of the Wnt/β-catenin pathway. A. 
MG63 cells with HOTTIP overexpression were more chemoresistance to cisplatin (IC50=32.6 μM for pcDNA3.1-
HOTTIP group and IC50=11.6 μM for negative control group, P<0.05), which was reversed by treatment with XAV939 
(IC50=17.3 μM, P<0.05). B, C. Increased expression of HOTTIP promoted MG63 cells into S phase, which could be 
partially rescued by the combination of HOTTIP overexpression and Wnt/β-catenin inhibition (XAV939). The altera-
tions of cyclin D1, CDK4 and β-catenin presented similar trends. D. Compared with the negative control (IC50=16.3 
μM), MG63 cells with HOTTIP downregulation enhanced the chemosensitivity to cisplatin (IC50=7.1 μM), the phe-
nomenon could be neutralized by treatment with LiCl (IC50=12.5 μM), *P<0.05.
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and ablation experiments were performed 
using either pcDNA3.1-HOTTIP or si-HOTTIP. 
Figure 4A shows that MG63 cells with HOTTIP 
overexpression became much more resistant 
to cisplatin (IC50=41.3 μM) as compared with 
the negative control (IC50=13.7 μM). This 
resistance was partially reversed by treatment 
with the Wnt/β-catenin inhibitor, XAV939 
(IC50=25.4 μM). Consistently, in the presence 
of cisplatin (10 μM), HOTTIP overexpression 
promoted a greater fraction of cells into S 
phase, which could be partially rescued by the 
combination of HOTTIP overexpression and 
Wnt/β-catenin inhibition (XAV939) (Figure 4B, 
P<0.05). Furthermore, the alterations of cyclin 
D1, CDK4 and β-catenin presented similar 
trends (Figure 4C). As expected, HOTTIP knock-
down results in reduced resistance to cisplatin 
(IC50=7.1 μM) as compared with the negative 
control (IC50=16.3 μM). Furthermore, this sen-
sitivity was neutralized by treatment with the 
Wnt/β-catenin agonist, LiCl (IC50=12.5 μM)
(Figure 4D, P<0.05). These data suggested 
that HOTTIP could increase cisplatin resistance 
of OS cells through activation of the Wnt/β-
catenin pathway.

Discussion

Osteosarcoma, mainly arising from the metaph-
ysis of the long bones, is the most common 
pediatric bone malignancy in the world [14]. 
Though advances of modern treatments such 
as surgery, chemotherapy and the combination 
of surgery and chemotherapy are improved,  
the prognosis of osteosarcoma patients 
remains poor [15]. Because, the chemoresis-
tance that develops in osteosarcoma cells is a 
significant obstacle to the success of chemo-
therapy [16]. Therefore, it is very important to 
identify predictive markers of therapeutic 
response and develop effective chemothera-
peutic drugs.

Recent studies showed that lncRNAs play 
important roles in diverse biological processes, 
including cell growth, tumorigenesis and che-
moresistance [17]. For example, Zhang et al. 
indicated that silencing of lncRNA HULC could 
enhance chemotherapy induced apoptosis in 
human gastric cancer [18]. Liu et al. showed 
that lncRNA MEG3 overexpression might con-
tribute to increased cisplatin chemosensitivity 
via the p53 and Bcl-xl induced mitochondria 

apoptosis pathway in lung adenocarcinoma 
patients [19]. Liu et al. showed that lncRNA 
HOTAIR contributed to cisplatin resistance of 
human lung adenocarcinoma cells via down-
regualtion of p21 (WAF1/CIP1) expression [20]. 

In the present study, we explored the role of 
HOTTIP in the regulation of proliferation and 
chemoresistance of osteosarcoma. Our results 
showed that HOTTIP was frequently up-regulat-
ed in OS tissues and cell lines. Similar to Li  
findings, HOTTIP was up-regulated and associ-
ated with poor prognosis in OS patients [13]. In 
addition, our findings revealed that overexpres-
sion of HOTTIP could increase cell proliferation 
and colony formation by promoting cell cycle 
progression. Whereas decreased expression of 
HOTTIP could inhibit cell proliferation and 
reduce colony formation by arresting the cell 
cycle. Furthermore, we found that HOTTIP could 
up-regulated expression of cell cycle-related 
proteins (cyclin D1 and CDK4) and β-catenin (a 
key regulator of the Wnt/β-catenin pathway). 
Likewise, decreased expression of HOTTIP 
deceased the expression of cyclin D1, CDK4 
and β-catenin. Previous studies revealed that 
activation of Wnt/β-catenin signaling could up-
regulated the expression of cyclin D1, which 
consequently activates its ligands such as 
CDK4 and CDK6 and accelerates cell cycle pro-
gression [21]. Therefore, we hypothesize that 
HOTTIP might manipulate the cell cycle through 
the Wnt/β-catenin pathway.

Chemoresistance is the main reason for poor 
survival of OS patients. Most of OS patients 
present chemoresistance and die of tumor 
relapse and widespread metastasis [22]. 
However, the underlying mechanisms of che-
moresistance are still unclear. In the present 
study, our data showed that HOTTIP over-
expression significantly decreases cell sensi-
tive to cisplatin, whereas HOTTIP inhibition 
increased cell sensitive to cisplatin, indicating 
that HOTTIP play an important role in tumor 
response to chemotherapy. Considering the 
roles of Wnt/β-catenin signaling, we explored 
the association between the HOTTIP/Wnt/β-
catenin axis and cellular chemosensitivity in 
OS. We found that the ability of HOTTIP to  
promote cell proliferation was notably  
suppressed by the Wnt/β-catenin inhibitor 
XAV939, whereas the suppressive effects 
induced by HOTTIP knockdown were neutral-
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ized by a potent Wnt/β-catenin agonist. 
Therefore, we concluded that HOTTIP induced 
chemoresistance in OS by activating the Wnt/
β-catenin pathway. 

Taken together, our present study demon-
strates that HOTTIP, which is significantly over-
expressed in OS, plays a significant role in OS 
proliferation, accelerate cell cycle progression, 
and induce chemoresistance via the Wnt/β-
catenin pathway. Thus, these results indicate 
HOTTIP may be a potential therapeutic target 
for the treatment of OS patients.
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