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Purpose: Long noncoding RNAs have been proved to play important roles in the tumorigenesis 

and development of human gastric cancer (GC). Our study aims to investigate the expression 

and function of Homeobox A transcript at the distal tip (HOTTIP) in GC.

Methods: HOTTIP expression was detected in GC tissues and cell lines by using quantita-

tive reverse transcription polymerase chain reaction. Association between HOTTIP levels and 

clinicopathological factors and patient prognosis was also analyzed. MTT, flow cytometry, and 

transwell invasion and migration assays were used to investigate the role of HOTTIP in the 

regulation of biological behaviors of GC cells.

Results: HOTTIP expression was remarkably increased in GC tissues and cell lines compared 

with that in the normal control. Clinicopathologic analysis revealed that high HOTTIP expres-

sion correlated with larger tumor size, deeper invasion depth, positive lymph node metastasis, 

advanced TNM stage, and shorter overall survival. Multivariate regression analysis identified 

HOTTIP overexpression as an independent unfavorable prognostic factor in GC patients. 

Moreover, HOTTIP downregulation by si-HOTTIP transfection impaired GC cell proliferation, 

promoted cell apoptosis, and reduced cell invasion and migration.

Conclusion: These findings suggested that HOTTIP may contribute to GC initiation and 

progression, and would be not only a novel prognostic marker but also a potential therapeutic 

target for this disease.
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Introduction
Gastric cancer (GC) is the fourth most prevalent human malignancy and the second 

leading cause of cancer deaths worldwide.1 The majority of GC patients are diagnosed 

at advanced stage due to vague initial symptoms.2 Despite recent advances in surgical 

techniques, new chemotherapy regimens, radiotherapy, and molecular-targeted therapy, 

the clinical outcome of GC patients remains dismal, with a 5-year survival rate of 25% or 

less.3 Previous studies have reported many oncogenes and tumor suppressor genes closely 

associated with GC,4–6 but the highly complex molecular mechanisms underlying its 

carcinogenesis and progression are still obscure. Therefore, it is urgent to identify reliable 

biomarkers of GC for its early diagnosis, effective therapy, and prognosis evaluation.

Long noncoding RNA (lncRNA), .200 nucleotides in length, is a type of noncoding 

RNA molecule that can regulate gene expression in transcriptional or post-transcriptional 

level.7,8 Recent research has shown that lncRNAs participate in a large number of cellular 

processes, such as cell proliferation, differentiation, apoptosis, and cell cycle progres-

sion.9 Emerging evidence indicates that lncRNAs play important roles in the biology of 
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human cancers, which may provide a new but promising way 

to deal with cancer.10 Functional lncRNAs may be applied 

for cancer diagnosis and prognosis, and also act as potential 

novel therapeutic targets. For example, increased expression 

of lncRNA BRAF activated non-coding RNA (BANCR) 

confers poor prognosis in patients suffering from malignant 

melanoma and retinoblastoma.11,12 lncRNA Hox transcript 

antisense intergenic RNA (HOTAIR) is a negative prognostic 

factor for osteosarcoma, lung cancer, and colorectal cancer.13–15 

lncRNA very-low-density lipoprotein receptor (VLDLR), 

Plasmacytoma variant translocation 1 (PVT1) and growth 

arrest-specific transcript 5 (GAS5) could regulate tumor cell 

responses to chemotherapy.16–18 However, the understanding 

of the expression and function of lncRNAs in GC is still in 

the early stage.

Homeobox A (HOXA) transcript at the distal tip 

(HOTTIP) is a recently functionally characterized lncRNA 

located at the 5′ end of the HOXA cluster.19 Increased 

HOTTIP expression has been reported in tongue squamous 

cell carcinoma,20 lung cancer,21 pancreatic cancer,22 and 

hepatocellular carcinoma.23 In these tumors, HOTTIP may 

serve as a potential oncogene, and HOTTIP overexpression 

was associated with enhanced cell proliferation, reduced 

apoptosis, and increased cell migration. However, no report 

of HOTTIP in GC has been found. In the present study, we 

examined HOTTIP expression in GC tissues and cell lines. 

We also investigated the correlation between HOTTIP levels 

and clinicopathological characteristics and overall survival 

of GC patients. Moreover, we explored the role of HOTTIP 

in the regulation of biological behaviors of GC cells.

Materials and methods
Patients and clinical specimens
Fresh primary GC tumor tissues and matched NATs ($3 cm 

away from tumor margin) were collected from 98 pathologi-

cally confirmed GC patients in Changzhou No 2 Hospital 

between January 2009 and May 2010. All samples were fro-

zen immediately in liquid nitrogen and stored at −80°C until 

analysis. Patients with two or more different malignancies 

were excluded. None of the patients had received preopera-

tive radiotherapy or chemotherapy. Patient characteristics 

are shown in Table 1. Follow-up data were available for all 

patients. Overall survival was defined as the amount of time 

from the day of primary surgery to the date of death or the 

end of follow-up (for living patients). The ethical committees 

of Changzhou No. 2 Hospital affiliated to Nanjing Medical 

University approved this study, and written informed consent 

was obtained from all patients.

Cell culture and RNA interference
Human GC cell lines (AGS, SGC-7901, BGC-823, and 

MKN-28) and human normal gastric epithelial cell line 

GES-1 were obtained from the Institute of Biochemistry and 

Cell Biology of the Chinese Academy of Sciences (Shanghai, 

People’s Republic of China). The cells were maintained in 

Roswell Park Memorial Institute 1640 supplemented with 

10% heat-inactivated fetal bovine serum, 100 U/mL of peni-

cillin, and 100 μg/mL streptomycin sulfate. Cultures were 

incubated in a humidified atmosphere of 5% CO
2
 at 37°C.

lncRNA HOTTIP small interfering RNA (si-HOTTIP) 

and nontargeting siRNA (si-NC) were purchased from 

Sigma-Aldrich (St Louis, MO, USA). GC cells were trans-

fected with siRNA by using Lipofectamine 2000 (Invitrogen, 

Carlsbad, CA, USA) according to the manufacturer’s 

instructions. The cells were harvested for further assays 

48 hours after transfection.

RNA extraction, reverse transcription, 
and quantitative reverse transcription 
polymerase chain reaction
Total RNA was extracted using the Trizol reagent (Invitrogen) 

according to the manufacturer’s instructions. RNA was reverse 

Table 1 Correlation between HOTTIP expression and different 
clinicopathological features in patients with gastric cancer

Characteristics High HOTTIP 
expression (%)

Low HOTTIP 
expression (%)

P-value

Age (years)
$60 34 (47.9) 37 (52.1) 0.652

,60 15 (55.6) 12 (44.4)
Sex

Male 26 (46.4) 30 (53.6) 0.541
Female 23 (54.8) 19 (45.2)

Differentiation
Well-moderate 12 (40.0) 18 (60.0) 0.273
Poor 37 (54.4) 31 (45.6)

Lauren type
Intestinal 27 (43.5) 35 (56.5) 0.142
Diffuse and mixed 22 (61.1) 14 (38.9)

Tumor size
$5 cm 36 (61.0) 23 (39.0) 0.006

,5 cm 13 (33.3) 26 (66.7)
Invasion depth

T1, T2 14 (36.8) 24 (63.2) 0.031
T3, T4 35 (58.3) 25 (41.7)

TNM stage
I/II 11 (33.3) 22 (66.7) 0.013
III 38 (58.5) 27 (41.5)

Lymphatic metastasis
Negative 10 (33.3) 20 (66.7) 0.028
Positive 39 (57.4) 29 (42.6)

Abbreviation: HOTTIP, HOXA transcript at the distal tip.
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transcribed into cDNA using a Reverse Transcription Kit 

(Takara, Dalian, People’s Republic of China). HOTTIP expres-

sion levels were measured with quantitative reverse transcrip-

tion polymerase chain reaction (qRT-PCR) using an ABI7500 

system and the SYBR Green PCR Master Mix (Takara). 

GAPDH was used as an internal control. The primer sequences 

for HOTTIP were 5′-GTGGGGCCCAGACCCGC-3′ (for-

ward) and 5′-AATGATAGGGACACATCGGGGAACT-3′ 
(reverse). Each assay was performed in triplicate, and rela-

tive HOTTIP expression was normalized to GAPDH using 

the 2−∆Ct method. The fold change of HOTTIP in GC relative 

to the matched NAT was determined by the 2−∆∆Ct method, 

where ∆∆cycle threshold (CT) = (CT
HOTTIP

 − CT
GAPDH

) (in GC 

samples) − (CT
HOTTIP

 − CT
GAPDH

) (in NATs).

Cell proliferation assay
Cell proliferation was analyzed using MTT assay. 

Briefly, ~1×103 cells were seeded into a 96-well plate and 

incubated for 1, 2, 3, and 4 days. At the indicated time point, 20 

µL of MTT (5 mg/mL) (Sigma-Aldrich) was added into each 

well and incubated for another 4 hours. Then the supernatants 

were removed and 150 µL of DMSO (Sigma-Aldrich) was 

added to terminate the reaction. The absorbance value (optical 

density [OD]) was measured at 490 nm on a microplate reader 

(Molecular Devices, Sunnyvale, CA, USA).

Detection of apoptosis by flow 
cytometry
Forty-eight hours after transfection, the GC cells were 

harvested, washed, and resuspended in ice-cold phosphate-

buffered saline. The cells were then treated with propidium 

iodide (10 µg/mL; Sigma-Aldrich) and Annexin V-FITC 

(50 µg/mL, BD Biosciences, San Jose, CA, USA) in the dark 

for 15 minutes at room temperature, and examined by flow 

cytometry (FACScan; BD Biosciences).

Cell invasion and migration assays
Cell migration and invasion assays were performed using 

transwell chambers (8 μm pore size; BD Biosciences). For 

the migration assay, approximately 1×105 GC cells in serum-

free media were seeded into the upper chambers after siRNA 

transfection. The lower chamber contained medium with 

20% fetal bovine serum as a chemoattractant. Following a 

48-hour incubation, the cells located on the lower surface of 

the chamber were stained and counted using a microscope 

(Olympus Corp., Tokyo, Japan). The invasion assay proto-

col was similar to the migration assay except that the upper 

chambers were first covered with Matrigel.

Statistics
All statistical analyses were performed using the SPSS 

17.0 software package (SPSS, Chicago, IL, USA). 

The  significance of differences between groups was 

estimated by Student’s t-test and chi-square test. Survival 

curves were constructed with the Kaplan–Meier method 

and compared by log-rank test. The significance of survival 

variables was evaluated using a multivariate Cox propor-

tional hazards regression analysis. P,0.05 was considered  

statistically significant.

Results
Increased HOTTIP expression in GC 
tissues and cell lines
HOTTIP expression in GC tissues and cell lines was 

measured by qRT-PCR. Figure 1A and B showed a significant 

high expression of HOTTIP in GC tissues compared with 

NATs (P,0.05). HOTTIP expression was also significantly 

increased in four GC cell lines compared to normal gastric 

epithelial cell GES-1 (Figure 1C, P,0.05). Since SGC-7901 

and MKN-28 exhibited relative high HOTTIP expression 

among all tested cell lines, these two cell lines were chosen 

for the subsequent in vitro experiments.

Correlation between HOTTIP expression 
and clinical features
We further analyzed the association between HOTTIP expres-

sion levels and clinicopathological characteristics of GC.  

GC samples were classified into HOTTIP low expression 

group (n=49) and HOTTIP high expression group (n=49) 

according to the median HOTTIP expression level of all GC 

samples. The association between clinicopathological char-

acteristics and HOTTIP expression is summarized in Table 1. 

We found that HOTTIP level was associated with tumor 

size, tumor depth, lymph node metastasis, and clinical stage. 

However, we did not find any significant correlation between 

HOTTIP levels and other clinicopathological features, such as 

patient’s sex, age, Lauren type, and cancer differentiation.

Prognostic values of HOTTIP expression 
in GC
We further evaluated the associations of HOTTIP expression 

level with survival of GC patients. Survival analysis indicated 

that patients in low HOTTIP expression group had better 

5-year overall survival than those in high HOTTIP expres-

sion group (P,0.001, Figure 2). Univariate analysis revealed 

that HOTTIP expression, tumor size, tumor depth, lymphatic 

invasion, and TNM stage were prognostic factors for patient’s 
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prognosis (Table 2). Multivariate analysis confirmed high 

HOTTIP expression (P=0.015, relative risk [RR] =2.54) as 

an unfavorable prognostic factor for GC patients indepen-

dent of other clinicopathological factors, including depth 

of infiltration (P=0.003, hazard ratio [HR] =3.15), lymph 

node status (P=0.012, HR =2.76), and TNM stage (P=0.008, 

HR =2.92; Table 2).

Effects of HOTTIP downregulation on 
the biological behaviors of SGC-7901 and 
MKN-28 cells
Finally, we explored the role of HOTTIP in regulating the 

biological behaviors of GC cells. HOTTIP expression in 

SGC-7901 and MKN-28 cells was evidently downregulated 

after si-HOTTIP transfection (Figure 3A). As shown in 

Figure 3B and C, HOTTIP downregulation impaired GC cell 

Figure 1 Relative HOTTIP expression levels in gastric cancer tissues and cell lines.
Notes: (A) HOTTIP expression was significantly higher in gastric cancer tissues than in the corresponding NATs. HOTTIP levels were calculated by the 2−∆Ct method and 
normalized to GAPDH. (B) The fold change of HOTTIP in GC relative to the matched NAT in 98 GC patients. (C) Increased HOTTIP expression in four GC cell lines 
compared to normal gastric epithelial cell line GES-1. *P,0.05.
Abbreviations: GC, gastric cancer; HOTTIP, HOXA transcript at the distal tip; NAT, normal adjacent tissue.

Figure 2 Kaplan–Meier survival curves of gastric cancer patients based on HOTTIP 
expression status.
Note: Patients in the high HOTTIP expression group had significantly poorer 
prognosis than those in low HOTTIP expression group (P,0.001, log-rank test).
Abbreviation: HOTTIP, HOXA transcript at the distal tip.

Table 2 Univariate and multivariate analysis of overall survival in 
98 gastric cancer patients

Variables Univariate 
analysis

Multivariate 
analysis

RR P-value RR P-value

Age (years) 0.94 0.225 1.44 0.095
Sex 1.41 0.136 0.98 0.272
Differentiation 1.55 0.094 1.58 0.074
Lauren type 1.33 0.142 1.16 0.214
Tumor size 3.09 0.006 1.53 0.082
Invasion depth 2.85 0.015 3.15 0.003
Lymphatic metastasis 2.57 0.028 2.76 0.012
TNM stage 3.94 ,0.001 2.92 0.008
HOTTIP expression 3.78 ,0.001 2.54 0.015

Abbreviations: HOTTIP, HOXA transcript at the distal tip; RR, relative risk.
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proliferation and promoted cell apoptosis compared to the 

si-NC group. In addition, we observed reduced cell invasion/

migration in SGC-7901 and MKN-28 cells after si-HOTTIP 

transfection (Figure 3D and E).

Discussion
Identifying novel molecules that take part in GC formation 

and progression may be helpful for improving the diagnosis, 

prevention, and treatment of this disease. The relationship 

between lncRNAs and tumors has currently become one 

of the focuses of cancer studies. Abnormal expressions of 

several lncRNAs have been reported in GC. For example, 

overexpression of lncRNA H19 promoted the features of GC 

including proliferation, migration, invasion, and metastasis.24 

Plasma H19 could serve as a potential biomarker for 

diagnosis of GC, in particular for early tumor screening.25  

Li et al26 found that high expression of lncRNA BANCR was 

positively associated with clinical stage, tumor depth, lymph 

Figure 3 (Continued)
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node metastasis, and distant metastasis in GC patients. They 

also confirmed high expression of BANCR as an independent 

unfavorable prognostic factor in GC patients. Zhang et al27 

demonstrated that knockdown of lncRNA PVT1 could 

reverse the cisplatin resistance in cisplatin-resistant GC cell 

lines, while upregulation of PVT1 significantly reduced GC 

cell apoptosis and inhibited the sensitivity of GC cells to 

anticancer drugs. These findings suggested that lncRNAs 

might play important roles in GC initiation and development, 

and have a great potential for clinical application.

In the present study, we first investigated HOTTIP 

expression in GC tissues and cell lines by RT-PCR. We 

observed high HOTTIP expression in GC specimens 

compared to NATs. Additionally, HOTTIP expression was 

markedly increased in GC cell lines compared with normal 

gastric epithelium cells. Our results provided the first evi-

dence that high HOTTIP expression was closely associated 

with GC carcinogenesis. Then we correlated HOTTIP levels 

with different clinicopathological factors of GC tissues. We 

found that high HOTTIP expression was more frequently 

detected in GC patients with larger tumor size, deeper inva-

sion depth, positive lymph node metastasis, and advanced 

TNM stage. Downregulation of HOTTIP in GC cells 

would reduce cell proliferation, enhance cell apoptosis, and 

impair cell invasion. These findings revealed that HOTTIP 

might be involved in GC progression and contribute to 

Figure 3 Effects of HOTTIP on the biological behaviors of SGC-7901 and MKN-28 cells.
Notes: (A) Expression of HOTTIP was significantly downregulated after si-HOTTIP transfection. *P,0.05. (B) Cell proliferation was measured by MTT assays in SGC-7901 
and MKN-28 cells transfected with si-HOTTIP or si-NC. **P,0.01. (C) Flow cytometric analysis showed induced cell apoptosis after si-HOTTIP transfection. (D, E) The 
transwell invasion and migration assays showed that the number of invaded or migrated cells was significantly lower in the si-HOTTIP-transfected group than in the si-NC-
transfected group. *P,0.05.
Abbreviations: HOTTIP, HOXA transcript at the distal tip; h, hour; si-HOTTIP, HOTTIP small interfering RNA; si-NC, nontargeting small interfering RNA; OD, optical density.
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molecular-targeted therapy. Finally, our research showed 

that GC patients with high HOTTIP levels tended to have 

shorter overall survival than patients with lower levels. 

Multivariate Cox hazard regression analysis identified 

high HOTTIP expression as an independent indicator of 

unfavorable prognosis. To our knowledge, this is the first 

study to analyze the expression and clinical significance of 

HOTTIP in GC.

Our results were consistent with the previous findings in 

other cancers. In lung cancer A549 cells, cell proliferation 

and colony formation were significantly inhibited in vitro 

after successfully depletion of HOTTIP.21 Tumor growth in 

vivo was also suppressed in a mouse model. Moreover, deple-

tion of HOTTIP caused cell cycle arrest in G0/G1 phase and 

induced significant cell apoptosis. In pancreatic cancer, 

knockdown of HOTTIP inhibited tumor cell proliferation, 

promoted apoptosis, and reduced migration.28 Addition-

ally, inhibition of HOTTIP potentiated the antitumor effects 

of gemcitabine in vitro and in vivo.22 In tongue squamous cell 

carcinoma, high HOTTIP expression positively correlated 

with depth of infiltration (T stage), clinical stage, and distant 

metastasis and predicted poor survival.20 High HOTTIP 

expression was also associated with increased metastasis 

formation and decreased overall survival in patients with 

hepatocellular carcinoma.29 Taken together, these researches 

indicated that HOTTIP might serve as an oncogene in several 

types of human cancers. However, the complex molecular 

mechanisms underlying high HOTTIP expression in human 

cancers and its function are still incompletely known. More 

studies should be applied to clarify the precise mechanisms 

by which HOTTIP contributes to tumor formation and 

progression.

We are aware of some limitations in our work. First, the 

clinical part was a retrospective study, and the tumor sample 

size was relatively small. Second, we observed the effects of 

HOTTIP on the proliferation, apoptosis, invasion, and migra-

tion of GC cells, but its association with colony formation, 

cell cycle, and xenograft tumorigenesis was not involved in 

this study. Third, although we revealed the oncogene function 

of HOTTIP in GC, its probable downstream mediators are 

still unclear. Epithelial-to-mesenchymal transition (EMT) 

has been recognized as an important process that is associ-

ated with the progression and metastasis of several cancers 

including GC. However, the effect of HOTTIP on the EMT 

markers, such as E-cadherin, N-cadherin, and vimentin, has 

not been reported till now. Whether HOTTIP plays a role in 

EMT might be an interesting and important topic of future 

investigations.

Conclusion
In conclusion, our research confirmed elevated HOTTIP 

expression in GC tissues and cell lines. Our study also 

showed that high HOTTIP levels correlated with tumor 

progression and poor prognosis in GC patients. Regulation 

of HOTTIP expression influenced biological behaviors of 

GC cells. These findings suggested that HOTTIP may act as 

an oncogene in GC initiation and development, and would 

be not only a novel prognostic marker but also a potential 

therapeutic target for this disease.
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