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Abstract: Non-small cell lung cancer (NSCLC) is the major cause of cancer death worldwide. Increasing evidences 
show that long non coding RNAs (lncRNAs) are widely involved in the development and progression of NSCLC. 
The lncRNA HOTTIP has been identified as an oncogene in several human cancers, but its role in NSCLC remains 
unknown. The present study was to determine the expression and function of HOTTIP in NSCLC. Quantitative real-
time PCR was used to detect the expressions of HOTTIP in 53 paired NSCLC tissues and cell lines. Furthermore, 
RNA interference (RNAi) and over-expression approaches were used to investigate the biological function of HOTTIP 
in lung cancer cell line. The impacts of HOTTIP on cell migration, proliferation and apoptosis were analyzed using 
wound scratch assay, MTT and flow cytometry, respectively. The results revealed that the HOTTIP expression was 
significantly up-regulated in NSCLC tissues and cells when compared with corresponding adjacent normal tissues 
and normal bronchial epithelial cells (p<0.05). Furthermore, knock-down of HOTTIP significantly inhibited cell pro-
liferation, migration and induced cell apoptosis in vitro, while over-expression of HOTTIP led to the opposite effects. 
In addition, we identified HOTTIP as a transcriptional regulator of HOXA13 in lung cancer cell. Ectopic expression of 
HOTTIP suppressed the endogenous level of HOXA13, while knock-down of HOTTIP increased HOXA13 expression. 
Knock-down of HOXA13 by RNA interference (siHOXA13) revealed that HOTTIP promoted lung cell proliferation, mi-
gration, and inhibited apoptosis, at least partly by regulating HOXA13. The present study is the first to identify that 
HOTTIP functions as an oncogene by regulating HOXA13 in NSCLC, which may represent a new biomarker and a 
potential therapeutic target for NSCLC intervention.

Keywords: NSCLC, HOTTIP, oncogene, HOXA13

Introduction

Lung cancer is the most common cause of can-
cer death, with more than 226,000 new cases 
in the United States in 2012. The majority of 
lung cancer cases are non-small cell lung can-
cer (NSCLC), which accounts for approximately 
80% of lung cancer [1, 2]. The majority of 
NSCLC patients are diagnosed at advanced 
stages as they are usually asymptomatic at 
early stages [3]. Despite the enormous improve-
ments made in chemotherapy and radiothera-
py over the past few decades, the outlook for 
patients with NSCLC was dismal, with only 
slightly more than 15% of patients alive 5 years 
after diagnosis [4]. Therefore, it is vital to reveal 
the molecular mechanisms of the progression 
of NSCLC for the development of effective 
therapies.

Long non-coding RNAs (lncRNAs) are evolution-
arily conserved non coding RNAs that are lon-
ger than 200 nucleotides in length with no pro-
tein-coding capacity [5]. These protein-non- 
coding sequences account for the majority of 
human genome while protein-coding gene only 
about 2% [6]. Recent studies demonstrated 
that lncRNAs are differentially expressed in nor-
mal cells and tumor cells, and since lncRNAs 
are a significant regulatory factor of gene 
expression, their aberrant expression will inevi-
tably lead to abnormalities in gene expression 
and tumorigenesis. LncRNA disorders are also 
a feature of several types of cancer and pro-
mote the development, invasion and metasta-
sis of tumors by a variety of mechanisms [7-9]. 

Previous studies have demonstrated that 
lncRNAs are involved in the development and 
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progression of NSCLC. However, research into 
lncRNAs in NSCLC is in its infancy and only a 
small number of NSCLC-associated lncRNAs 
have been identified, including lncRNA HOTAIR 
[10], lncRNA H19 [11], lncRNA ANRIL [12], 
lncRNA MALAT1 [13], lncRNA SCAL1 [14] and 
lncRNA AK126698 [15]. 

A recently identified long non-coding RNA, 
HOTTIP, was located in the 7p15.2 gene desert 
region [16]. HOTTIP was identified as the most 
significantly up-regulated lncRNA in human 
HCCs, which negatively regulated by miR-125b 
[17]. However, the role of HOTTIP in NSCLC has 
not been researched. Previous sequencing for 
lncRNAs expression showed HOTTIP was up-
regulated in NSCLC [18, 19]. Thus, there is a 
need to explore the expression and function of 
HOTTIP in NSCLC. In the present study, we 
explored HOTTIP expression pattern in NSCLC 
tissues cell lines. Meanwhile, the oncogenic 
role and molecular mechanism of HOTTIP was 
investigated in NSCLC cell line.

Materials and methods

Sample collection

The study was undertaken with the understand-
ing and written consent of each patient. All 
patients recruited to this study did not receive 

any pre-operative treatments. This study was 
approved by the Human Ethics Committee of 
The First Affiliated Hospital at Harbin Medical 
University (Harbin, China). 53 paired NSCLC 
and adjacent non-tumor lung tissues (≥3 cm 
away from tumor) were obtained from patients 
who underwent surgery at The First Affiliated 
Hospital between 2010 and 2013 and were 
diagnosed with NSCLC based on histopatho-
logical evaluation. The clinic-pathological infor-
mation of the patients is shown in Table 1. 
Each sample was snap-frozen in liquid nitrogen 
and stored at -80°C prior to RNA isolation. 

Cell culture and transfection

Three NSCLC adenocarcinoma cell lines (A549, 
SPC-A1, NCI-H1975), a NSCLC squamous carci-
nomas cell line (SK-MES-1), and a normal 
human bronchial epithelial cell line (16HBE) 
were purchased from the American Type Cul- 
ture Collection (ATCC, USA). All cell lines were 
routinely maintained in DMEM medium (Invi- 
trogen, Carlsbad, CA, USA) supplemented with 
10% fetal bovine serum (Invitrogen, Carlsbad, 
CA, USA), 100 U/ml penicillin sodium, and 100 
mg/ml streptomycin sulfate at 37°C in a humid-
ified air atmosphere containing 5% CO2. Cells 
were used when they were in the logarithmic 
growth phase.

The HOTTIP and HOXA13 specific siRNA oligo-
nucleotides were purchased from Qiagen (Hil- 
den, Germany). The sequences were as follows: 
HOTTIP siRNA: 5’-UGGGAACCCGCUAUUUCACU- 
CUAUU-3’, negative control: 5’-UGACAACUCUU- 
AGGGACCUA-3’; HOXA13 siRNA: 5’-CAGAACU- 
CGUUGCUUUGCCCA-3’, negative control: 5’-UA- 
AACUCCUAACCGCAGUGC-3’. The HOTTIP and 
HOXA13 over-expression plasmids, TRIM52-
AS1-pcDNA3.1+ and HOXA13-pcDNA3.1+, were 
synthesized in Life Technology (Invitrogen, 
Carlsbad, CA, USA). Cells were grown on six-well 
plates to 70% confluence and transfected using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s instru- 
ctions.

RNA isolation and qRT-PCR assay 

Total RNA was isolated with Trizol reagent 
(Invitrogen) according to the manufacturer’s 
instructions. Total RNA (1 μg) was reverse tran-
scribed in a final volume of 20 µl using random 
primers under standard conditions for the 
PrimeScript RT reagent Kit (TaKaRa, Dalian, 

Table 1. Clinical and pathologic characteris-
tics of all analyzed samples
Factors Number
Age (years)
    ≤65 42
    >65 11
Gender
    Male 35
    Female 18
Pathology
    Squamous cell carcinoma 32
    Adenocarcinoma 21
TNM Stage
    Ia+Ib 34
    IIa+IIb 12
    IIIa 7
Tumor size
    ≤5 cm 37
    >5 cm 16
 Lymph node metastasis
    Negative 28
    Positive 25
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China). We used the SYBR Premix Ex Taq (Ta- 
KaRa, Dalian, China) to detect the expression 
of HOTTIP and HOXA13 levels, following the 
manufacturer’s instructions. Results were nor-
malized to the expression of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) and cal-
culated according to the Applied Biosystems 
Comparative Ct Method [20]. The specific prim-
ers used as follows: HOTTIP forward primer: 
5’-CACACTCACATTCGCACACT-3’, reverse prim-
er: 5’-TCCAGAACTAAGCCAGCCATA-3’; HOXA13 
forward primer: 5’-CGCTTCAGAACTCGTTGCTTT- 
GC-3’, reverse primer: 5’-CGGAAGAACTGGCAG- 
TCTTTACCT-3’. GAPDH (internal control) forward 
primer: 5’-AGTGGCAAAGTGGAGATT-3’, reverse 
primer: 5’-GTGGAGTCATACTGGAACA-3’.

Cell migration assay 

Wound scratch assay was used to assess the 
migratory ability of A549 cell in vitro. Appro- 
ximately 2×106 cells were seed per 6-well dish 
and transfected with HOTTIP siRNA and HOTTIP-
pcDNA3.1+ vector or HOXA13 siRNA and 
HOXA13-pcDNA3.1+ vector 24 h later after tran- 
sfected Lipofectamine 2000. After 5 h of trans-
fection, a vertical horizontal wound was made 
with a sterile 10 μl pipette tip and markers were 
made to allow observation of cells at the same 
point. The cell was then rinsed with PBS and 
cultured in the incubator at 37°C. Images of the 
wounds were acquired with a digital camera 
system 0 and 12 h after the wounds were made 
at the same points. Wound widths (μm) were 

measured using a standard caliper and the 
experiments were performed in triplicate, re- 
peated at least three times.

Cell proliferation assay

To determine cell growth, 2×103 A549 cell were 
seeded in 96-well plate and transfected with 
HOTTIP siRNA and HOTTIP-pcDNA3.1+ vector or 
HOXA13 siRNA and HOXA13-pcDNA3.1+ vec-
tor. The cell proliferation ability was determined 
using a MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) according to the 
manufacturer’s protocol. The fluorescence in- 
tensity was measured using a fluorescence 
microplate reader [Model 680 (BIO-RAD)] and 
absorbance was measured at 570 nm. Three 
independent experiments (3 replicates in each) 
were performed.

Flow cytometric analysis 

For apoptosis assay, A549 cell was seeded at a 
density of 1×106 cells/well and cultured in 
6-well plates at 37°C and transfected with 
HOTTIP siRNA and HOTTIP-pcDNA3.1+ vector or 
HOXA13 siRNA and HOXA13-pcDNA3.1+ vector 
at a confluence of approximately 70%. After 48 
h of transfection, cells including floating cells 
were harvested and washed twice with cold 
PBS and re-suspended in 1×binding buffer 
(Invitrogen, Carlsbad, CA, USA). Subsequently, 
10 μl of Annexin V-FITC (Invitrogen, USA) and 5 
μl of propidium iodide (PI) were added to each 

Figure 1. HOTTIP was up-regulated in NSCLC tissues and cell lines. A. Quantitative RT-PCR of HOTTIP expression 
relative to GAPDH expression in NSCLC tumor samples (T) compared to adjacent normal lung tissue (N) of 53 renal 
cancer patients. 2-ΔΔCT method was used to analyze the data, and the data are shown in log2 ratio (T/N). B. qRT-PCR 
analysis of HOTTIP expression levels in NSCLC cell lines (SK-MES-1, SPC-A1, NCI-H1975 and A549) compared with 
the normal bronchial epithelial cell line (16HBE). Data were expressed as the mean ± SD (n=3), and bars marked 
with asterisks showed significant differences (p<0.05).
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cell suspension. The fluorescence of stained 
cells was then analyzed by flow cytometry 
(Beckman, Irvine, CA, USA) using 488 nm exci-
tation within 30 min of staining, according to 
the manufacturer’s protocol.

Statistical analysis 

All statistical analyses were performed using 
SPSS 17.0 (SPSS, Chicago, USA). The gene 
expression level of HOTTIP in tumors was com-
pared with adjacent normal tissues utilizing the 
paired-sample t test. The expression differenc-
es between cell lines, cell migration, prolifera-
tion and apoptosis assays were analyzed using 
independent-samples t test. All data were pre-
sented as mean ± standard error from three 
independent experiments with each measured 
in triplicate. A two-sided p value of less than 

0.05 was considered to be statistically signi- 
ficant.

Results

Expression profile of HOTTIP in NSCLC tissues 
and cell lines

Previous sequencing for lncRNAs expression 
showed HOTTIP was up-regulated in NSCLC 
[18, 19]. To confirm the result of sequencing, 
qRT-PCR was used to quantify the HOTTIP 
expression in 53 matched NSCLC tissues and 
adjacent normal tissues. Relative expression of 
HOTTIP [log2 (T/N)] was showed in Figure 1A. 
The results demonstrated HOTTIP expression 
in RCC tissues was significantly higher com-
pared with adjacent normal tissues (p<0.01). 
Furthermore, we determined its expression 

Figure 2. Effects of the HOTTIP on cell migration in A549 cell line. A. A549 cell transfected with HOTTIP siRNA and 
negative control. B. A549 cell transfected with HOTTIP-pcDNA3.1+ vector and pcDNA3.1+ empty vector. All experi-
ments were performed three times, and a representative picture is shown. *p<0.05. Bar=200 μm.



HOTTIP function as an oncogene in NSCLC

2026 Am J Transl Res 2016;8(5):2022-2032

level in lung cancer cell lines including adeno-
carcinoma and squamous carcinoma subtypes 

utilizing qRT-PCR. When normalized to normal 
bronchial epithelial cell line (16HBE), the 

Figure 3. MTT assay for the proliferation of A549 cell transfected with HOTTIP siRNA and negative control or HOTTIP-
pcDNA3.1+ vector and pcDNA3.1+ empty vector. The experiments were performed in duplicate and repeated three 
times. *p<0.05.

Figure 4. Flow cytometry for the apoptosis of A549 cell transfected with HOTTIP siRNA and negative control (A) or 
HOTTIP-pcDNA3.1+ vector and pcDNA3.1+ empty vector (B). We repeated each experiment three times with inde-
pendent individuals. *p<0.05.
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expression level of HOTTIP was also up-regulat-
ed in SPC-A1, A549, NCI-H1975 and SK-MES-1 
cell lines (Figure 1B).

The effects of HOTTIP on the migration of 
NSCLC cell

To investigate the effect of HOTTIP on NSCLC 
cells migration, wound scratch assay was per-
formed. The results showed that knock-down 
the expression of HOTTIP levels significantly 
impeded the migration of A549 cell compared 
with negative control (Figure 2A), while over-
expression of HOTTIP increased the migration 
level in A549 cell (Figure 2B).

The effects of HOTTIP on the proliferation of 
NSCLC cell 

As shown in Figure 3, MTT assays revealed that 
A549 cell growth was inhibited after transient 
transfected with HOTTIP siRNA compared with 
negative control. Meanwhile, over-expression 
of HOTTIP could increase the ability of cell 
growth. 

The effects of HOTTIP on the apoptosis of 
NSCLC cell

Some lncRNAs have been reported to play an 
important role in tumor cell apoptosis, espe-
cially in the apoptosis escape of cancer cells 
[12, 21, 22]. To determine the effect of HOTTIP 
on lung cancer cell apoptosis, flow cytometry 
assay was performed to detect the apoptosis 
rate of A549 cell after 48 h of transfection. As 
shown in Figure 4, the apoptosis rate of A549 
transfected with HOTTIP siRNA and negative 
control were 12.44% verse 6.58% (p<0.05), 
while the apoptosis rates of A549 transfected 
with HOTTIP-pcDNA3.1+ vector and pcDNA3.1+ 
empty vector were 3.29% verse 6.23% (p< 
0.05). These prompted that the up-regulation 
of HOTTIP inhibited NSCLC cell apoptosis.

HOXA13 is regulated by HOTTIP in NSCLC cell

Because many emerging evidences suggested 
that HOXA13 was involved in cancer progres-

Figure 5. HOXA13 is regulated by HOTTIP in NSCLC cell. The ex-
pression levels of HOXA13 was evaluated by qRT-PCR (A) and 
Western blot (B) 48 h after transfection in A549 cell. 

Figure 6. MTT assay for the proliferation of A549 cell transfected with HOXA13 siRNA and negative control or 
HOXA13-pcDNA3.1+ vector and pcDNA3.1+ empty vector. *p<0.05.
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sion and development [23, 24], we hypothe-
sized that HOTTIP might regulate the biological 
behavior of NSCLC cell via regulation of the 
HOXA13 expression. To confirm this specula-
tion, we first evaluated the effect of HOTTIP 
knockdown on the expression of HOXA13 by 
qRT-PCR and Western blot. As shown in Figure 
5, depletion of HOTTIP increased the expres-
sion of HOXA13 in A549 cell. Inhibition of 
HOXA13 levels was further confirmed after 
ectopic expression of HOTTIP (Figure 5).

HOXA13 partly mediates the effect of HOTTIP 
on NSCLC cell biology

In the above section, we identified that the 
strongest regulatory effect of HOTTIP on HOX- 
A13 expression. To determine whether HOTTIP 

promotes NSCLC progression by regulating 
HOXA13, we next employed HOXA13 siRNA and 
HOTTIP-pcDNA3.1+ vector to specifically sil- 
ence and prompt the expression of HOXA13 in 
A549 cell. Interesting, knock-down of HOXA13 
increased A549 cell growth (Figure 6), migra-
tion (Figure 7A), and arrested apoptosis (Figure 
8A), while restoration of HOXA13 inhibited 
A549 cell growth (Figure 6), migration (Figure 
7B), and induced apoptosis (Figure 8B). Taken 
together, these results suggested that the car-
cinogenesis of HOTTIP in NSCLC cell biology act 
at least in part, by regulating HOXA13.

Discussion

NSCLC is among the leading causes of cancer-
related death. Our understanding of NSCLC 

Figure 7. Effects of the HOXA13 on cell migration in A549 cell line. A. A549 cell transfected with HOXA13 siRNA and 
negative control. B. A549 cell transfected with HOXA13-pcDNA3.1+ vector and pcDNA3.1+ empty vector. *p<0.05. 
Bar=200 μm.
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pathogenesis has improved through the identi-
fication of activating mutations in and amplifi-
cations of oncogenes, including KRAS [25], 
EGFR [26], CRABP1 [27], and inactivating mu- 
tations in tumor-suppressive genes p53 [28]. 
However, the mechanism of NSCLC progres-
sion, including the role of cell proliferation, mi- 
gration, metastasis, and apoptosis resistance, 
has not been clarified. Accumulating evidences 
have highlighted the importance of lncRNAs in 
cancer [7, 29-32]. 

LncRNA dysregulation contributes to a range of 
biological functions and provides a cellular 
growth advantage, resulting in progressive and 
uncontrolled tumor growth [7, 31, 33, 34]. 
Effective control of both cell proliferation and 
migration is critical to the prevention of onco-
genesis and successful cancer therapy. The- 

refore, identification of NSCLC-associated ln- 
cRNAs and investigation of their clinical signifi-
cance and functions may provide a missing 
piece of the well-known oncogenic and tumor 
suppressor network puzzle. Although literature 
about lncRNA is increasing, only a small propor-
tion of lncRNAs have been characterized in 
NSCLC. Our study provided evidence that HO- 
TTIP, a new lncRNA, was clinically and function-
ally relevant to the progression of NSCLC.

LncRNA HOTTIP (ID: 100316868) is a new ln- 
cRNA, which located in the 7p15.2 gene desert 
region. Previous sequencing for lncRNAs 
expression showed HOTTIP was up-regulated in 
NSCLC [18, 19]. It remains unclear whether 
HOTTIP plays an oncogenic role in NSCLC. In 
this study, we found that the expression of 
HOTTIP was up-regulated in NSCLC tissues 

Figure 8. Flow cytometry for the apoptosis of A549 cell transfected with HOXA13 siRNA and negative control (A) or 
HOXA13-pcDNA3.1+ vector and pcDNA3.1+ empty vector (B). *p<0.05.
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compared with normal tissues. Interesting, its 
expression was also up-regulated in lung can-
cer cell lines.

To further investigate the biological role of 
HOTTIP in NSCLC, we explored the effects of 
loss or gain of function of HOTTIP on various 
aspects of NSCLC cell biology. The NSCLC cell 
line (A549) that was commonly chosen to inves-
tigate the effect of lncRNAs on lung cancer. 
RNAi-mediated suppression of HOTTIP in A549 
cell led to a significant inhibition of cell prolif-
eration, migration and induced cell apoptosis. 
Conversely, introducing HOTTIP into A549 cell 
induced malignant tumor cell behaviors. Thus 
indicated that HOTTIP act as oncogene and 
might represent a promising target for NSCLC 
treatment.

HOXA13 is a marker of gut primordial posterior-
ization during progression, which has been 
shown to play critical role in tumorigenesis of 
the bladder, liver and esophageal carcinoma 
[35-37]. Here, we found that siRNA-mediated 
HOXA13-knockdown induced the proliferation, 
migration and inhibited apoptosis of NSCLC 
cell, which was consistent with the functional 
changes that occurred after restoration the 
expression of HOTTIP in NSCLC cell. In addition 
to the HOTTIP-targeted regulation of HOXA13 
expression, we also observed reduced HOXA13 
levels upon siRNA-mediated knockdown of 
HOTTIP in A549 cell line. Our data was also con-
sistent with a pioneering research demonstrat-
ing that knock-down of HOTTIP expression led 
to a reduction of HOXA13 expression in hepato-
cellular carcinoma cell lines [38]. Thus, our wo- 
rk demonstrated that the regulatory passage 
between HOTTIP and its target, HOXA13, was 
also preserved during NSCLC tumorigenesis.

Taken together, our present study demonstrat-
ed that the up-regulation of HOTTIP character-
ized as an oncogene in NSCLC progression. Our 
results also showed that HOTTIP exerted its 
function in NSCLC at least partly by regulating 
HOXA13. These findings furthered the under-
standing of NSCLC pathogenesis and progres-
sion, and facilitated the development of 
lncRNA-directed diagnostics and therapeutics 
against NSCLC.
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