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Long non-coding RNA HOTTIP is up-regulated
and associated with poor prognosis in
patients with osteosarcoma

Fan Li, Lei Cao, Donghua Hang, Fang Wang, Qiugen Wang

1Department of Trauma and Orthopedics, Trauma Emergency Center, Shanghai First People’s Hospital, Shanghai
Jiao Tong University, Shanghai 200011, China

Received June 10, 2015; Accepted July 22, 2015; Epub September 1, 2015; Published September 15, 2015

Abstract: Long non-coding RNAs (IncRNAs) have been shown to play key roles in cancer development and progres-
sion. In this study, we focused on IncRNA HOTTIP and investigated its expression pattern, clinical significance,
and biological function in osteosarcoma (0OS). In the present study, IncRNA HOTTIP expression in OS tissues was
examined and its correlation with clinicopathological features and patient prognosis was analyzed. In vitro assays
were performed to understand the biological roles of INcCRNA HOTTIP in OS progression. In the study, we found that
HOTTIP expression was up-regulated in OS tissues, and correlated with advanced clinical stage and distant metas-
tasis. OS patients with high HOTTIP expression level had poorer overall survival than those with low HOTTIP expres-
sion. Multivariable Cox proportional hazards regression analysis suggested that increased HOTTIP expression was
an independent prognostic factor of overall survival in OS patients. Moreover, the results of in vitro assays showed
that the suppression of HOTTIP in OS cells significantly reduced cell proliferation, migration and invasion ability. Our
study demonstrated that IncRNA HOTTIP play critical roles in OS progression and could represent a novel prognostic
marker and potential therapeutic target in OS patients.
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Background

Osteosarcoma (0S) is the most frequent malig-
nant bone tumor in children and adolescents,
comprising 2.4% of all malignancies in pediatric
patients [1]. The 5-year survival rate of OS
patients has significantly improved over the
past decades to approximately 60-70% since
the introduction of combinatorial chemothera-
py [2]. However, a significant proportion of 0S
patients still respond poorly to chemotherapy,
and they have a risk of local relapse or distant
metastasis even after curative resection of the
primary tumor [3]. Therefore, there is an urgent
need to identify biomarkers which could predict
metastasis and prognosis for OS patients to
improve the individual treatment.

Long non-coding RNAs (IncRNAs) are evolution-
arily conserved non coding RNAs that are lon-
ger than 200 nucleotides in length with no
protein-coding capacity [4]. Emerging evidence
suggested that IncRNAs have important roles

in diverse biological processes, such as cell
growth and apoptosis, as well as in cancer pro-
gression and metastasis [5, 6]. For example,
Gupta et al showed that IncRNA HOTAIR expres-
sion was increased in primary breast tumors,
and HOTAIR expression level in breast tumors
was a powerful predictor of eventual metasta-
sis and death [7]. Ren et al indicated that
IncRNA MALAT1 was up-regulated in prostate
cancer and correlated with Gleason score, pros-
tate specific antigen, tumor stage and castra-
tion resistant prostate cancer. Moreover
Decreased expression of MALATA could inhibit
prostate cancer cell proliferation, migration and
invasion [8]. Sun et al revealed that IncRNA
GAS5 expression was markedly down-regulated
in gastric cancer and associated with tumor
size and pathologic stage, enforced expression
of GAS5 was demonstrated to inhibit cell prolif-
eration and induce cell apoptosis [9]. Ma et al
demonstrated that IncRNA LET was down-regu-
lated in gallbladder cancer and patients with
low expression of INcRNA LET have significantly
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poorer prognosis, ectopic expression of LhcRNA
LET could suppress gallbladder tumor growth
[10]. However, to our knowledge the clinical
significance and biological function of IncRNA
HOTTIP in OS remains unclear.

In the present study, we investigated the
expression level of HOTTIP in OS tissues and
adjacent non-tumor tissues, as well as ana-
lyzed the correlation between HOTTIP expres-
sion levels, clinicopathological features, and
OS patients’ prognosis. Furthermore, we inves-
tigated the biological function of HOTTIP on OS
cell proliferation, migration and invasion during
OS progression in a series of in vitro assays.
Our results suggested that IncRNA HOTTIP
could represent a novel indicator of poor prog-
nosis and might be a potential therapeutic
target in OS patients.

Materials and methods
Patients and specimens

A total of 68 osteosarcomas tissues and
matched adjacent non-tumor tissues were
obtained from patients who underwent surgery
in the Department of Trauma and Orthopedics,
Shanghai First People’s Hospital, Shanghai Jiao
Tong University from 2005 to 2009. None of
the patients received radiotherapy or chemo-
therapy before surgery. After surgical resection,
OS tissues and matched adjacent non-tumor
tissues were collected and immediately stored
in liquid nitrogen until use. All OS tissues and
paired adjacent non-tumor tissues were con-
firmed by a senior pathologist. This study was
approved by the Research Ethics Committee of
Shanghai Jiao Tong University, Shanghai, China.
Written informed consent was obtained from all
of the patients. All specimens were handled
and made anonymous according to the ethical
and legal standards.

Cell culture and cell transfection

The human osteosarcoma cell lines (MG-63
and HOS) were purchased from the American
Type Cell Culture Collection (ATCC). All cells
were maintained in DMEM, which was supple-
mented with 10% fetal bovine serum (FBS,
Invitrogen), 100 U/ml penicillin, and 100 mg/ml
streptomycin (Invitrogen) in an incubator at
37°C with 5% CO,,.
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RNA isolation and quantitative real-time PCR

Total RNA was extracted from tissues and cell
lines using Trizol reagent (Invitrogen) according
to the manufacturer’s instructions. The expres-
sion levels of HOTTIP was determined by quan-
titative real-time PCR (qRT-PCR) using the
SYBR® Green (TaKaRa) dye detection method
on ABI Step One PCR instrument, with GAPDH
as an internal control. The primers are as
follows: HOTTIP, forward primer: 5-CCTAAAG-
CCACGCTTCTTTG-3’; reverse primer: 5-TGCAG-
GCTGGAGATCCTACT-3’; GAPDH, forward primer
5-GTCAACGGATTTGGTCTGTATT-3’ and reverse
primer: 5-AGTCTTCTGGGTGGCAGTGAT-3". Com-
parative Ct method was used for quantification
of the transcripts. The fold-change for target
genes normalized by internal control was deter-
mined by the formula 224,

MTT assay

MTT assay was used to detect cell proliferation.
Briefly, cells were seeded at a density of 2 x
108 cells per well in 100 i culture medium in
96-well culture plates. The proliferation of cell
was assessed after transfection for 24, 48, 72
and 96 h. One-tenth volume of 5 mg/ml MTT
was added to each well, and the plate was fur-
ther incubated at 37°C for another 2 h, next,
the medium was removed and the formazan
crystals formed were dissolved in 100 ul
dimethyl suophoxide with shaking for another
10 min. Absorbance was then measured by a
multiwell spectrophotometer (BioTek) at 490
nm.

Scratch assay

Scratch assay was used to detect cell migra-
tion. Briefly, cells were seeded into 12-well
plates. When cell confluence reached approxi-
mately 80%, wounds were created in the con-
fluent cells using a 200 pl pipette tip. The cells
were then rinsed with medium to remove free-
floating cells and debris. Medium was added,
and the culture plates were incubated at 37°C.
Different stages of wound healing were
observed along the scrape line, and represen-
tative scrape lines were imaged.

Transwell invasion assay

Transwell invasion assay was used to deter-
mine cell invasion, Matrigel-coated invasion
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and stained using 0.1%
crystal violet. Numbers of
invaded cells were counted
in five randomly selected
fields under a microscope
(Nikon).

Statistical analysis

Statistical analyses were
performed using SPSS ver-
sion 18.0. All data are
presented as the mean %
SD and differences betwe-
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en groups were analyzed
HOTTIP using Student’s t test or chi-
square test analysis. Overall
survival curves were plotted
following the Kaplan-Meier
method, and the log-rank
test was used to compare
the survival in the different
groups. A Cox proportional

=1 hazards regression analysis

was used for univariate and
multivariate analyses of
prognostic values. P<0.05
was considered statistically
significant.

Results

Months

Figure 1. Expression of HOTTIP was up-regulated in OS. A. The relative expres-
sion of HOTTIP was measured by gRT-PCR in 68 OS tissues and paired ad-
jacent non-tumor tissues. The expression of HOTTIP was calculated with the
285CT method using GAPDH levels for normalization. B. Kaplan-Meier plots
showed overall survival according to the level of HOTTIP in OS patients who
underwent surgery. The data represent the mean + SD of three independent

experiments. "P<0.05.

chambers (8 um, Costar) were used according
to the manufacturer’s protocol. Briefly, cells
were resuspended (1 x 10° cells/well) in 200 pl
serum free medium and transferred to the
upper chamber of the Matrigel-coated inserts,
culture medium containing 10% FBS was
placed in the bottom chamber. The cells were
incubated for 48 h at 37°C. After incubation,
the non-invaded cells on the upper membrane
surface were removed with a cotton tip, and the
cells that passed through the filter were fixed
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HOTTIP is up-regulated in
OS and correlated with
clinicopathological features
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We analyzed the expression
levels of HOTTIP in 68 pairs
of OS tissues and adjacent
non-tumor tissues. As re-
vealed by gRT-PCR, HOTTIP
expression was significantly
increased in OS tissues
compared with adjacent non-tumor tissues
(P<0.05, Figure 1A). Next, the clinicopathologi-
cal significance of HOTTIP expression in OS was
analyzed. We divided the 68 0OS patients into a
high expression group (n=34) and a low expres-
sion group (n=34) according to the median
value of HOTTIP expression levels in OS tis-
sues. As shown in Table 1, high HOTTIP expres-
sion levels were correlated with advanced clini-
cal stage and distant metastasis (P<0.05,
Table 1), but not with other clinicopathological
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Table 1. Association of HOTTIP expression with clinicopathological

features of OS patients

(SiR-HOTTIP) to silence
HOTTIP expression in MG-

HOTTIP expression

63 and HOS cells. The

Clinicopathological features Group Total Low High P value transfection efficiency of
Gender Male 37 20 17 0.465 g:ls V'\c;;fjete?r’;?ned"'%?
Female st I gRT-PCR  (P<0.05, Fig-

Age (vears) <25 4l 23 18 0215 ure 2A). Cell proliferation
225 27 11 16 assay showed that down-

Tumor size (cm) <8 cm 46 26 20 0.120 regulated expression of
28 cm 22 8 14 HOTTIP significantly de-

Anatomic location Tibia/femur 51 28 23 0.161 creased the pro”feration
Elsewhere 17 6 11 ability of MG-63 and HOS

Clinical stage 1A 30 21 9 0.003 cells compared to their
1B/l 38 13 25 negative controls (P<0.05,

Distant metastasis Absence 54 31 23 0.016 Figure 2B). Furthermore,
Presence 14 3 11 the effects of HOTTIP on

OS cell migration and

features such as gender, age, tumor size and
anatomic location (P>0.05, Table 1).

Prognostic values of HOTTIP expression in OS

To evaluate the prognostic value of HOTTIP in
OS, survival curves were calculated by Kaplan-
Meier method and compared by the log-rank
test. Our data showed that OS patients with
high HOTTIP expression had a significantly
shorter overall survival than those with
low HOTTIP expression (P<0.05, Figure 1B).
Univariate and multivariate analyses were per-
formed to identify the impact of HOTTIP expres-
sion and other clinicopathological features on
prognosis of OS patients. Univariate analysis
showed that HOTTIP expression, clinical stage
and distant metastasis were significantly cor-
related with overall survival of OS patients
(P<0.05, Table 2). Moreover, HOTTIP expres-
sion, clinical stage and distant metastasis were
independent predictors for overall survival of
OS patients in multivariate analysis (P<0.05,
Table 2). These data indicated that HOTTIP
expression represent a powerful independent
prognostic factor for overall survival of OS
patients and increased expression of HOTTIP
might play key roles in the progression of OS.

HOTTIP silencing inhibits OS cell proliferation,
migration and invasion in vitro

To investigate the functional role of HOTTIP in
0S, we constructed specific HOTTIP siRNAs
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invasion were tested. The
scratch assay showed that the decreased
expression of HOTTIP significantly inhibited cell
migration in MG-63 and HOS cells (P<0.05,
Figure 2C). As well as scratch assay, transwell
invasion assay showed that the knockdown
of HOTTIP decreased the invasive ability of
MG-63 and HOS cells (P<0.05, Figure 2D).
Taken together, these results demonstrated
that HOTTIP expression was involved in the
progression and development of OS.

Discussion

The prognosis of OS is still poor; therefore,
understanding the mechanisms underlying 0S
pathogenesis may help yield novel biomarkers
for early detection and treatment [11]. Recent
studies suggested that dysregulated expres-
sion of IncRNAs in OS progression and may
independently predict patient outcome [12,
13]. In the present study, our data indicated
that IncRNA HOTTIP was associated with OS
progression and OS patient’s outcome.

HOTTIP is an antisense non-coding transcript
located at the distal end of HOXA gene cluster
[14]. HOTTIP has been shown to be associated
with the WDR5/MLL complex to drive the H3K4
methylation and transcriptional activation of
the distal HOXA genes during embryonic devel-
opment [15]. Recent studies demonstrated
that HOTTIP was involved in the progression of
cancers. For example, Quagliata et al showed
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Table 2. Univariate and multivariate analysis of overall survival in OS patients

Univariate analysis

Multivariate analysis

Clinicopathological features -
Hazard ratio

P Hazard ratio 95% CI P

Gender 0.936
Male vs. Female

Age (years) 1.214
>25 vs. <25

Tumor size 2.427
>8 cmyvs. <8 cm

Anatomic location 0.864
Elsewhere vs. Tibia/femur

Clinical stage 3.784
11B/I1Il vs. 1A

Distant metastasis 4.726
Presence vs. Absence

HOTTIP 3.018
High vs. Low

2.417-7.768 0.002 3.271

1.943-9.675 0.004 4.375

1.487-7.241  <0.001 2.887

0.641-2.513  0.482

0.753-2.906  0.376

0.815-5.186  0.043

0.572-2.356  0.294

2.293-6.579 0.005

1.801-8.739 0.009

1.367-7.061 0.007

that HOTTIP was significantly up-regulated in
hepatocellular carcinoma (HCC); high expres-
sion of HOTTIP was associated with metastasis
and poor survival of HCC patients [16]. Tsang et
al revealed that HOTTIP was a novel oncogenic
IncRNA, which negatively regulated by miR-
125b in HCC [17]. Li et al found that HOTTIP
was up-regulated in pancreatic ductal ad-
enocarcinoma (PDAC) and promoted cell pro-
liferation, invasion and chemoresistance by
modulating HOXA13 expression, indicating that
HOTTIP/HOXA13 axis is a potential therapeutic
target and molecular biomarker for PDAC [18].
However, to our knowledge, no studies have
investigated the clinical significance or biologi-
cal role of HOTTIP in OS progression.

In this study, we found that HOTTIP expression
levels were higher in OS tissues than in adja-
cent non-tumor tissues, and elevated HOTTIP
expression was associated with advanced clini-
cal stage and distant metastasis, indicating
that HOTTIP overexpression may promote an
aggressive phenotype of OS. Furthermore, we
analyzed the correlation of HOTTIP expression
with prognosis of OS patients; we found that OS
patients with high HOTTIP expression had a
shorter overall survival than those with low
HOTTIP expression. More importantly, multivar-
iate analysis showed that high HOTTIP expres-
sion was an unfavorable prognostic factor for
OS patients. These results highlight the clinical
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significance of HOTTIP in OS patients and imply
a potentially critical role for HOTTIP in predict-
ing the progression of OS patients. To further
understand the mechanism of HOTTIP in OS
progression, in vitro experiments were conduct-
ed. We found that knock-down HOTTIP expres-
sion could inhibit proliferation, migration and
invasion capability of OS cells compared with
the negative control group, suggesting that
increased HOTTIP expression could promote
the metastasis capability of OS cells.

In summary, we demonstrated that IncRNA
HOTTIP was up-regulated in human OS tissues
and could be considered an independent
prognostic factor in OS patients. Knock-down
expression of HOTTIP could inhibit OS cell
proliferation, migration and invasion in vitro.
These results indicated HOTTIP could be a
promising biomarker and a therapeutic target
in the treatment of OS.
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Figure 2. The knockdown of HOTTIP inhibited OS cell proliferation, migration and invasion. A. gRT-PCR revealed that
HOTTIP expression was efficiently knocked down by treatment with siR-HOTTIP in MG-63 and HOS cells. B. Suppres-
sion of HOTTIP in MG-63 and HOS cells significantly reduced their proliferative capacities, as determined by MTT as-
say. C. Knockdown of HOTTIP reduced migration capacities of MG-63 and HOS cells, as determined by scratch assay.
D. Decreased expression of HOTTIP inhibited invasion abilities of MG-63 and HOS cells, as determined by transwell
invasion assay. The data represent the mean + SD of three independent experiments. “P<0.05.
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