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Abstract. A long non-coding RNA named HOXA transcript
at the distal tip (HOTTIP) has been reported to be signifi-
cantly increased in several cancers, including hepatocellular
cancer, pancreatic cancer and lung cancer. However, the clin-
ical value of HOTTIP expression in gastric cancer remains
unknown. The present study aimed to investigate HOTTIP
expression levels in gastric cancer and to elucidate its clinical
significance. Reverse transcription polymerase chain reaction
was used to assess the expression level of HOTTIP in gastric
cancer cell lines and tissues. In a cohort of 94 patients with
gastric cancer, HOTTIP expression was significantly lower
in cancer tissues compared with the normal adjacent tissues.
In addition, receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diagnostic value of
HOTTIP in gastric cancer, and the area under the ROC curve
was 0.767. In conclusion, the results of the present study indi-
cated that HOTTIP may be a predictive biomarker for gastric
cancer.

Introduction

Gastric cancer is one of the most frequent causes of
cancer-associated mortality worldwide, with ~951,600 new
cases and 723,100 mortalities occurring in 2012 (1). Although
developments in early diagnosis, surgery, adjuvant chemo-
therapy and targeted therapies have improved, the prognosis
of patients with gastric cancer and their long-term survival
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remains unsatisfactory (2). Numerous patients are diag-
nosed at a late stage and have a poor prognosis. Therefore,
it is important and urgent to distinguish novel biomarkers in
patients with gastric cancer for early diagnosis and to search
for potential therapeutic targets.

Long non-coding RNAs (IncRNAs) are defined as tran-
scripts containing >200 nucleotides without the capacity
for coding proteins (3,4). A number of IncRNAs have been
demonstrated to serve important functions in a wide range
of diseases, including neurodegenerative diseases, chronic
obstructive pulmonary disease and cancers (5,6). LncRNAs
may function as oncogenes or tumor suppressor genes, and
may be involved in the development or progression of cancers.
Thus, IncRNAs may be used as cancer biomarkers for early
diagnosis, as potential therapeutic targets and to predict
cancer prognosis. Among these, homeobox (HOX)-associated
IncRNAs are biologically important. For instance, HOX
transcript antisense RNA (HOTAIR) and HOXA transcript
at the distal tip (HOTTIP) are the most frequently studied
in this area. HOTAIR is a IncRNA of 2,158 nucleotides in
length, which is expressed in the HOXC locus of chromo-
some 12 (7). It has been reported to be a pro-oncogenic factor
and a negative prognostic factor in several types of cancer,
including breast, pancreatic, gastric, colorectal and bladder
cancer (8-12).

Another IncRNA, HOTTIP, is an antisense non-coding
transcript located at the 5' end of the HOXA gene cluster.
It has been reported to directly bind the adaptor protein
WD repeat-containing protein 5 (WDRS) and to target
WDR5/mixed lineage leukemia complexes, driving histone
H3 lysine 4 trimethylation and gene transcription of distal
HOXA genes (13). Several previous studies have reported
that, compared with normal adjacent tissues (NATs), HOTTIP
expression was significantly increased in skin, hepatocel-
lular, pancreatic, lung and tongue squamous cell cancer
tissues (14-20). HOTTIP may be involved in the progression of
these cancers. However, the association between HOTTIP and
gastric cancer remains unknown.

In the present study, the expression of HOTTIP was
explored in gastric cancer tissues, and the associations between
HOTTIP expression and clinicopathological characteristics
were investigated.
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Materials and methods

Patients and tissue samples. A total of 94 fresh gastric cancer
tissues and matched NATs were obtained from patients who
underwent radical resection for gastric cancer at the First
Hospital of China Medical University (Shenyang, China)
between May 2009 and July 2010. The matched NATs were
obtained from tissues that were at least 5 cm from the edge
of the cancer tissue. All tissues were frozen immediately in
liquid nitrogen following resection and stored at -80°C prior
to use. The tumor histological grade was classified according
to the 7th edition of the Tumor-Node-Metastasis staging
system (21).

The present study was approved by the Research Ethics
Committee of China Medical University (Shenyang, China).
Written informed consent was obtained from all patients.

Cell culture. The human gastric cancer cell lines MGC-803,
BGC-823, SGC-7901 and HGC-27 were obtained from the
Cell Bank of Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). The human gastric cancer AGS
cell line was purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). MGC-803,BGC-823,
SGC-7901 and HGC-27 were cultured in RPMI-1640 medium
(Biological Industries, Kibbutz Beit-Haemek, Israel). AGS was
cultured in F-12K Medium (ATCC). Media were supplemented
with 10% fetal bovine serum (Clark Bioscience, Claymont,
DE, USA). Cell lines were cultured in an incubator at 37°C in
a humidified atmosphere containing 5% CO,.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted from tissue samples and five cell lines using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). The concentration and purity of total
RNA was determined by using a Nano-Photometer UV/Vis
spectrophotometer (Implen GmbH, Miinchen, Germany).
A value of A260/A280>1.9 indicated good purity. Reverse
transcription was performed using the PrimeScript RT
reagent kit with gDNA eraser (Takara Biotechnology Co.,
Ltd., Dalian, China). qPCR analyses were performed using
SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.) on
a light cycler 480 II real-time PCR system (Roche Diagnos-
tics, Basel, Switzerland). Each 25-ul PCR reaction mixture
contained 0.3 pl forward and 0.3 ul reverse primers, 12.5 ul
SYBR-Green mix, 2 ul gene cDNA and 9.9 ul RNase-free
water. The reaction was amplified in 45 cycles of 95°C for
5 sec, 60°C for 30 sec and 72°C for 30 sec. Specific primers
for HOTTIP were based on the first and fifth splice variant.
The sequences of the primers used were as follows: HOTTIP
forward, 5'-CGTAGAGACACAGGCAGCAG-3' and
reverse, 5'-CAGCCGAACAGAGTCAGAGG-3'; GAPDH,
forward 5'-CGGATTTGGTCGTATTGGG-3' and reverse,
5'-CTGGAAGATGGTGATGGGATT-3". The RT-qPCR
reactions were performed in triplicate. All reagents were
used according to the manufacturer's protocol. The expres-
sion level of HOTTIP in gastric cancer tissues compared
with NATs was calculated using the 2224 method (22). If
the 242 value was <1, there was low expression in cancer
tissues and cancer cell lines compared with NATSs.
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Figure 1. Expression of HOTTIP in five gastric cancer cell lines.
Quantification of HOTTIP was detected by reverse transcription-quantitative
polymerase chain reaction. Data are presented in gastric cancer cell lines
relative to three NATSs randomly selected from 94 patients as a control. Data
were expressed as the mean + standard deviation from at least three separate
experiments. “P<0.01 vs. NATs. HOTTIP, HOXA transcript at the distal tip;
NATs, normal adjacent tissues.

Statistical analysis. Statistical analysis was performed using
SPSS software version 17.0 (SPSS, Inc., Chicago, IL, USA). The
associations between HOTTIP expression and clinicopatho-
logical characteristics were tested using non-parametric tests:
The Mann-Whitney U test for 2 groups and the Kruskal-Wallis
test for =3 groups. Survival rates, including overall survival and
disease-free survival were calculated using the Kaplan-Meier
method with the log-rank test applied for comparison. A receiver
operating characteristic (ROC) curve was used to evaluate the
diagnostic value of HOTTIP expression levels. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of HOTTIP in gastric cancer. Using RT-qPCR,
significantly decreased HOTTIP expression levels were
observed in MGC-803 cells, BGC-823 cells, SGC-7901 cells,
HGC-27 and AGS cells compared with three NATs randomly
selected from the patients (P<0.001; Fig. 1).

In addition, HOTTIP was detected in all 94 gastric
cancer tissues and their paired NATs. Among the 94 patients
with gastric cancer, 83% (78/94) of cases indicated that the
expression of HOTTIP was decreased in gastric cancer tissues
compared with their paired NATs (Fig. 2A). Furthermore,
HOTTIP expression was significantly decreased in cancer
tissues compared with NATs (P<0.001; Fig. 2B).

Associations between HOTTIP expression and
clinicopathological characteristics. The present study also
investigated the associations between HOTTIP expression and
clinicopathological parameters using non-parametric tests.
No statistically significant association was observed between
HOTTIP expression and any clinicopathological characteristic
(Table 1).

Association between HOTTIP expression and patient
survival time. To investigate the association between HOTTIP
expression and the survival time of patients with gastric
cancer, Kaplan-Meier analysis was performed. The median
relative expression levels of HOTTIP were used to divide
patients into high and low expression groups. Kaplan-Meier
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Figure 2. Expression of HOTTIP in 94 patients with gastric cancer. (A) Data were presented as log, of fold-change of gastric cancer tissues relative to NATS.
Each case was analyzed in triplicate and repeated three times. (B) ACq was used to compare the relative expression of HOTTIP in cancer tissues and NATSs.
The results indicated that the value of ACqwas significantly higher in gastric cancer tissues compared with NATs. Data were expressed as the mean + standard
deviation from at least three separate experiments. Larger ACq values indicated lower expression. “P<0.01 vs. NATs. HOTTIP, HOXA transcript at the distal

tip; NATs, normal adjacent tissues.
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Figure 3. HOTTIP expression and survival. (A) Kaplan-Meier analysis of overall survival based on HOTTIP expression in all 94 patients with gastric cancer
(P=0.860). (B) Kaplan-Meier analysis of disease-free survival based on HOTTIP expression in all 94 patients with gastric cancer (P=0.427). HOTTIP, HOXA

transcript at the distal tip.

analyses indicated there was no significant prognostic differ-
ence between patients with high and low HOTTIP expression
(Fig. 3).

The diagnostic value of using HOTTIP as a biomarker. To
evaluate the diagnostic value of HOTTIP for distinguishing
gastric cancer tissue from normal tissue, a ROC curve was
constructed. The area under the ROC curve (AUC) was 0.767
(P<0.001; Fig. 4), which indicated that HOTTIP is a potential
biomarker for gastric cancer.

Discussion

The prognosis of gastric cancer remains poor as the majority
of patients are diagnosed at a late stage, when treatments are
less effective (2,23). Thus, cancer screening and early diag-
nosis serve an important function in the survival of patients
with gastric cancer. The identification of novel and specific
biomarkers is of great clinical value for the diagnosis and
treatment of gastric cancer. Multiple previous studies have
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Figure 4. ROC curve based on HOXA transcript at the distal tip expression
in cancer tissues and normal adjacent tissues. The AUC was 0.767 (P<0.001).
ROC, Receiver operating characteristic; AUC, area under ROC curve.
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Table I. Associations between the expression of HOTTIP and
clinicopathological characteristics in 94 patients with gastric
cancer.

Clinicopathological
characteristic n HOTTIP expression®  P-value
Gender 0.892
Male 68  0.389(0.124-0.782)
Female 26 0.463 (0.096-0.675)
Age, years 0.218
=63 48 0.301 (0.117-0.654)
<63 46 0465 (0.121-0.967)
Tumor size, cm 0.145
=55 56 0.301(0.084-0.744)
<55 38 0.498 (0.175-0.760)
Macroscopic type® 0.304
Early stage 6 0.466 (0.029-0.598)
Borrmann I-11 7 0520 (0.463-1.234)
Borrmann III-IV 81 0.382 (0.119-0.725)
Differentiation 0.397
Good 3 0.292(0.034-0.697)
Moderate 40  0.280 (0.062-0.774)
Poor 51 0.460 (0.154-0.760)
Lauren type® 0.228
Intestinal type 32 0.256 (0.054-0.774)
Diffuse type 62  0.450 (0.152-0.695)
pT stage 0.578
T1+T2 14 0.506(0.315-0.977)
T3 16 0.335(0.139-0.926)
T4 64 0.389 (0.111-0.739)
pN stage 0512
NO 20 0.390 (0.083-0.516)
N1 17 0.609 (0.195-1.008)
N2 20 0.270 (0.128-0.706)
N3 37 0.445 (0.117-0.972)
pTNM stage 0431
I 8 0447 (0.019-0.508)
I 19 0.499 (0.185-0.964)
11 67 0.396 (0.116-0.760)

“Median relative expression (25-75th percentile); "see reference 38;
see reference 39. n, number of patients; p, pathological; HOTTIP,
HOXA transcript at the distal tip; T, tumor; N, node; M, metastasis.

reported that IncRNAs are involved in cancer pathogenesis and
may provide novel insight into the biology of this disease (5,6),
where they may act as oncogenes or tumor suppressors. A
number of previous studies have reported that HOTAIR may
possess pro-oncogenic functions and that it is involved in
multiple cancers (8-12). Similarly, a number of studies have
demonstrated that HOTTIP may serve as a critical regulator
in certain cancers. For example, Quagliata ef al (15) reported
that HOTTIP and HOXA13 were highly expressed in patients
with hepatocellular carcinoma, where they were associated with
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metastasis and poor survival. Li e al (17) reported that HOTTIP
was upregulated in pancreatic cancer and may promote cancer
cell proliferation, invasion and chemoresistance by regulating
HOXA13. However, another previous study reported that in
pancreatic cancer cells, HOTTIP did not regulate HOXA13 but
was involved in the regulation of certain HOX genes, including
HOXA1, HOXA9, HOXA10, HOXAI1l and HOXB2 (16).
Deng et al (19) reported that HOTTIP promoted tumor growth
and inhibited cell apoptosis in lung cancer. In conclusion,
dysregulated expression of HOTTIP has been associated with
a wide variety of biological characteristics of tumors, and exists
in multiple cancers.

To the best of our knowledge, this is the first report to inves-
tigate the value of HOTTIP in gastric cancer. The present results
indicated that HOTTIP expression was significantly down-
regulated in gastric cancer tissues compared with NATs among
94 patients (P<0.001). Furthermore,a ROC curve was constructed
to evaluate the diagnostic value of HOTTIP in gastric cancer.
The results revealed that the AUC was 0.767, suggesting that
HOTTIP had potential diagnostic value in gastric cancer. Previ-
ously, multiple studies reported that in different types of cancer
there was abnormal expression of IncRNA, indicating that the
same IncRNA may serve different functions in different types of
cancer. For instance, a IncRNA named SPRY4 intronic transcript
1 (SPRY4-IT1) was reported to be overexpressed in melanoma,
renal cell carcinoma, esophageal squamous cell carcinoma,
breast cancer, bladder cancer and glioma, and associated with
poor prognosis and promotion of tumor growth (24-29). Certain
studies also demonstrated that SPRY4-IT1 expression was
decreased in non-small-cell lung cancer and gastric cancer, and
acted with significant antitumor function in these two types of
cancer (30,31). Similarly, HOTTIP may exhibit a tissue-specific
expression pattern and serve a different function in different
types of cancer, as with SPRY4-IT.

A number of studies have reported that IncRNAs
may act on their neighboring protein-coding genes in a
cis-manner (32,33). HOTTIP is located the 5' end of the HOX A
gene cluster, and Wang et al (13) demonstrated that chromo-
somal looping may make HOTTIP in close proximity to gene
targets, thus, HOTTIP may be involved in the regulation of its
neighboring HOXA genes. It was reported that HOTTIP may
regulate the expression of HOX genes, including HOXAI,
HOXA9, HOXA10, HOXA11 and HOXA13, in liver cancer
and pancreatic cancer (15-17). In addition, numerous studies
have reported that aberrant expression of HOXA genes was
associated with a number of biological characteristics of
gastric cancer (34-37). HOTTIP may be critical in regulating
HOXA genes in gastric cancer, but the underlying mechanism
remains unknown and requires additional study.

In summary, the results of the present study indicated that
IncRNA HOTTIP expression was decreased in patients with
gastric cancer, and that HOTTIP may be a predictive biomarker
in gastric cancer. However, the underlying molecular mecha-
nisms through which HOTTIP is involved in gastric cancer
require further study.
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