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Abstract. A number of previous studies have reported that 
numerous long non-coding RNAs (lncRNAs) are dysregulated 
in gastric cancer (GC) and are involved in a series of biological 
and pathological processes. Total RNA was extracted from the 
cancerous tissues and matched normal adjacent tissues (NATs) 
of 96 patients with GC. The expression level of AB007962, a 
novel lncRNA, was determined by reverse transcription-quan-
titative polymerase chain reaction. The association between 
AB007962 expression levels and clinicopathological features 
were analyzed. Kaplan-Meier curves were also constructed in 
order to evaluate prognosis. Finally, publicly accessible data 
from The Cancer Genome Atlas was used to further verify 
the expression levels and clinical significance of AB007962. 
In conclusion, it was determined that the expression level of 
AB007962 was significantly reduced, compared with matched 
NATs in GC tissues (P=0.003). Survival analysis indicated 
that patients with intestinal-type GC with a reduced expression 
of AB007962 had a reduced prognosis, compared with those 
with an increased expression. AB007962 may be involved in 
the progression of GC and act as a novel prognostic biomarker 
for patients with GC, particularly in intestinal-type GC.

Introduction

Gastric cancer (GC) is the fourth most common malignancy 
and causes the second most cancer-associated mortalities 
globally in 2010, particularly in East Asia (1,2). The majority 

of GC cases are diagnosed at an advanced stage, which 
notably contributes to the poor prognosis associated with the 
disease (3); therefore, it is important to determine novel effec-
tive biomarkers, in order to improve the diagnosis and medical 
treatment of GC.

Long non-coding RNAs (lncRNAs) are transcribed 
RNA sequences with a length >200 nucleotides (nt) and no 
protein-encoding ability (4). A number of previous studies have 
reported that numerous lncRNAs are dysregulated in a series of 
cancer types, including GC, and that they serve as biomarkers 
for GC diagnosis and prognosis of patients with GC (5-8). 
For example, HOX antisense intergenic RNA (HOTAIR) 
was one of the earliest lncRNAs studied. It is upregulated 
in GC, compared with normal adjacent tissues (NATs), and 
its expression is a significant predictor of poor prognosis (9). 
Endo et al (10) reported similar results in diffuse-type GC. 
The lncRNA H19 has attracted much attention in recent years 
and the expression levels of H19 in GC tissues are significantly 
increased compared with NATs, and its expression is notably 
associated with poor prognosis of patients with GC (5,11-13). 
However, the role of lncRNAs in GC remains unknown and 
further research is required.

In the present study, the focus was on the lncRNA AB007962, 
which is located on chromosome 1 and has a transcript length 
of 5,053 nt (http://genome.ucsc.edu/cgi-bin/hgGene?hgg_
gene=uc001eso.1&db=hg19). Its expression was analyzed in 
GC tissues, and the association between its expression and the 
clinicopathological features and prognosis of patients with GC 
was assessed. Furthermore, a cohort of patients with GC from 
The First Hospital of China Medical University (Shenyang, 
China) and a cohort from The Cancer Genome Atlas (TCGA) 
were reviewed, in order to assess the clinical utility of 
AB007962 expression levels.

Materials and methods

Specimens and clinical data collection. All of the 96 paired 
human GC tissues and matched NAT samples were obtained 
from patients who underwent radical resection of GC at The 
First Hospital of China Medical University between May 2009 
and July 2010. The median age of the 96 patients with GC 
was 62 years (range, 30-81 years), with 70 males accounting 
for 72.9% and 26 females accounting for 27.1% of the cohort. 
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Furthermore, 77 patients (80.2%) had lymph node metastasis 
(pN1-N3) and all of the 96 patients completed follow-up. The 
matched NAT samples were collected from tissues that were 
located ≥5 cm from the edge of the tumor. All of the samples 
were frozen immediately in liquid nitrogen and stored at ‑80˚C 
until use. Two pathologists from The First Hospital of China 
Medical University (Shenyang, China) histopathologically 
confirmed each sample taken for diagnosis of GC. In addition, 
there was no radiotherapy or chemotherapy prior to resection. 
The histological grade of the samples was staged by following the 
standards set by the World Health Organization (14). The tumor 
stage was also evaluated on the basis of the 7th edition of the 
Tumor-Node-Metastasis (TNM) staging system (15). Overall 
survival (OS) was defined as the interval between the date of 
surgery and the date of mortality or the last follow-up examina-
tion. Disease‑free survival (DFS) was defined as the interval 
between the date of surgery and the date of recovery from 
disease or the last follow-up examination.

Ethical approval of the study protocol. The present study 
was performed according to the principles expressed in The 
Declaration of Helsinki. Tissue samples were collected once 
written informed consent was obtained from all 96 patients, 
and following institutional ethical guidelines that were 
reviewed and approved by the Research Ethics Committee of 
China Medical University (Shenyang, China).

RNA isolation and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). According to the 
manufacturer's protocols, total RNA was isolated from frozen 
specimens of tumor and NATs using TRIzol® (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). The 
purity of the total RNA was verified by ultraviolet (UV) spec-
trophotometry (2.0>A260/A280>1.8) using a NanoPhotometer 
UV/Vis spectrophotometer (Implen GmbH, Münich, Germany). 
Using a PrimeScript RT reagent kit (Takara Biotechnology 
Co., Ltd., Dalian, China), RNA was reverse transcribed into 
cDNA for qPCR according to the manufacturer's protocol. For 
qPCR, according to the manufacturer's protocol, the 25 µl final 
volume contained 12.5 µl 2X SYBR® Premix Ex Taq™ (Takara 
Biotechnology Co., Ltd.), 0.5 µl forward and reverse primers 
each (10 µM), 9.5 µl nuclease-free water, and 2 µl diluted of 
the reverse transcribed product The primers (Sangon Biotech 
Co., Ltd., Shanghai, China) used in the present study were as 
follows: GAPDH forward, 5'-CGG ATT TGG TCG TAT TGG 
G-3' and reverse, 5'-CTG GAA GAT GGT GAT GGG ATT-3'; 
AB007962 forward, 5'-TGT GCT CAC GAT GTT GAA TG-3' 
and reverse, 5'-AAT GGA AAT GGG ACA TGG AC-3'. The 
reaction was incubated in a 96-well optical plate and ampli-
fied for: 1 cycle of 95˚C for 30 sec; and 45 cycles of 95˚C for 
5 sec and 60˚C for 30 sec. Relative expression of AB007962 
was normalized to GAPDH and calculated using the 2-ΔΔCq 
method (16). ∆Cq is the difference in the Cq value between 
the target and endogenous reference (∆Cq=Cq lncRNA-Cq GAPDH). 
∆∆Cq is the difference in ∆Cq values between the tumor cells 
and the control (∆∆Cq=∆Cq tumor lncRNA‑∆Cq NATs lncRNA).

TCGA gene expression data. The expression of AB007962 in 
human gastric specimens was analyzed using publicly avail-
able TCGA Illumina RNA-Seq datasets (http://cancergenome.

nih.gov) of 274 patients with GC, including their clinical 
parameters and follow-up data. The present study used the 
reads per kilobase of exon per million reads mapped (RPKM) 
value to represent the expression levels of AB007962 for each 
patient from TCGA datasets (17). Amongst these, matched 
tumor and non-tumor specimens were available for 29 patients 
with GC.

Statistical analysis. Statistical analysis was performed using 
the SPSS 21.0 software package (IBM Corp., Armonk, NY, 
USA). A paired Student's t-test was used to evaluate the differ-
ence in AB007962 expression between tumor tissues and NATs 
and the expression levels from TCGA datasets between groups 
were calculated by a nonparametric test (Wilcoxon test). The 
association between AB007962 expression and clinicopatho-
logical factors was analyzed using the Mann-Whitney U test 
for two groups and the Kruskal-Wallis test for three or more 
groups. Survival curves were evaluated by the Kaplan-Meier 
method and the log-rank test was used to determine whether 
there was a statistically significant difference between survival 
curves. Cox proportional hazards analysis was performed 
to calculate the hazard ratio (HR) and the 95% confidence 
interval (CI) to estimate the association between AB007962 
expression level and OS and DFS survival time. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Expression of AB007962 is downregulated in GC tissues. 
The expression level of AB007962 in 96 paired cancerous 
and matched NATs was examined by RT-qPCR. The results 
demonstrated that AB007962 expression levels were reduced 
in cancerous tissues, compared with matched NATs (paired 
Student's t-test; P<0.05; Fig. 1). Furthermore, the AB007962 
expression levels in 58/96 (60.4%) GC tissues were down-
regulated, compared with matched NATs. The AB007962 

Figure 1. AB007962 is primarily down-regulated in GC tissues, compared with 
NATs (∆Cq of AB007962). GC, gastric cancer; NATs, normal adjacent tissues.
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relative gene expression were further analyzed in patients 
with GC from the TCGA gene expression datasets, and the 
results demonstrated that there was no statistical differences 
of AB007962 expression in cancerous tissues, compared with 
NATs [read per kilobase of transcript per million mapped 
reads (RPKM)GC, 0.379±0.078; RPKMNATs, 0.400±0.095; 
Wilcoxon test, P=0.633].

Association between AB007962 levels in cancer tissues 
and clinicopathological factors in patients with GC. The 
association between the expression level of AB007962 
and clinicopathological factors in 96 patients with GC was 
investigated, including sex, age, tumor size, tumor location, 
macroscopic type, histological grade and TNM stage. No 
significant associations were identified between AB007962, 
and sex (P=0.154), age (P=0.772), tumor location (P=0.515), 
tumor size (P=0.078) macroscopic type (P=0.241), histo-
logical differentiation (P=0.492), pathological (p)T stage 
(P=0.756), pN stage (P=0.070), pTNM stage (P=0.978) or 
invasion into the lymphatic vessels (P=0.820). Furthermore, 
through the use of TCGA gene expression datasets, no 
significant associations were identified between AB007962 

expression and clinicopathological factors, including sex 
(P=0.726), Lauren type (P=0.152), histological differentiation 
(P=0.532), pT stage (P=0.250), pN stage (P=0.472) or pTNM 
stage (P=0.092).

Association between AB007962 expression and patient 
survival time. In order to investigate whether the expression 
level of AB007962 was associated with the prognosis of the 
96 patients with GC, survival data on the patients following 
gastrectomy was collected. The median ratio of relative 
AB007962 expression in the 96 patients with GC was used as 
the cut-off value to divide the 96 patients into groups with high 
and low AB007962 expression. Kaplan-Meier analysis and the 
log-rank test were used to evaluate the association between 
AB007962 expression, and OS and DFS. The results demon-
strated that there was no significant difference in OS (P=0.147; 
Fig. 2A) or DFS (P=0.370; Fig. 2B) between the two groups.

However, among 28 patients with intestinal-type GC, 
those with increased AB007962 expression had signifi-
cantly increased OS (P=0.006; Fig. 2C) and DFS (P=0.004; 
Fig. 2D) compared with the reduced expression group. 
The univariate survival analysis for OS and DFS indicated 

Figure 2. Kaplan-Meier survival curves of patients with GC based on AB007962 expression status. (A) OS of 96 patients with GC in the low and high expres-
sion groups. (B) DFS of 96 patients with GC in the low and high expression groups. (C) OS of 28 patients with intestinal-type GC in the low and high expression 
groups. Patients with lower AB007962 expression have shorter overall survival times compared with the higher AB007962 expression group. (D) DFS of 
28 patients with intestinal-type GC in the low and high expression groups. Patients with lower AB007962 expression have shorter Disease-free survival times 
compared with the higher AB007962 expression group. OS, overall survival; DFS, disease free survival; GC, gastric cancer.
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that AB007962 expression (P=0.016) and tumor location 
(P=0.026) were prognostic factors for OS, and AB007962 
expression (P=0.015) and tumor size (P=0.033) were 
significant prognostic factors for DFS (Table I). P<0.05 was 
considered to indicate a statistically significant difference 
for multivariate Cox analysis, and the multivariate analysis 
confirmed that AB007962 expression levels were retained 

as an independent prognostic indicator for OS (HR=6.185; 
95% CI, 1.331-28.732; P=0.020) and DFS (HR=7.982; 
95% CI, 1.638-38.894; P=0.010) (Table II) of patients with 
intestinal-type GC.

Nevertheless, from TCGA gene expression datasets, no 
significant association was identified between AB007962 expres-
sion, and the OS and DFS of patients with intestinal-type GC.

Table I. Association between the expression of long non-coding RNA AB007962 and the clinicopathological features in 
96 patients with gastric cancer.

Characteristics No. of patients (n=96) Expression levela P-value

Age, years   0.772
  ≤62 48 0.87 (0.49‑1.32) 
  >62 48 0.78 (0.44-1.18) 
Sex   0.151
  Male 70 0.71 (0.49-1.13) 
  Female 26 1.07 (0.48-1.49) 
Tumor size, cm   0.078
  ≤5.5 50 0.93 (0.49‑1.49) 
  >5.5 46 0.70 (0.50-1.04) 
Tumor location   0.515
  Upper stomach 5 0.41 (0.25-1.46) 
  Middle stomach 40 0.73 (0.49-1.17) 
  Lower stomach 47 0.92 (0.49-1.35) 
  Entire stomach 4 1.05 (0.63-1.48) 
Macroscopic typeb   0.241
  Borrmann I+II 10 1.02 (0.79-1.37) 
  Borrmann III+IV 83 0.72 (0.48‑1.20) 
Histological grade   0.492
  Good 39 0.72 (0.48-1.18) 
  Poor 57 0.86 (0.49-1.32) 
Lauren grade   0.693
  Intestinal type 28 0.78 (0.52-1.40) 
  Diffuse type 68 0.83 (0.48-1.19) 
pT stage   0.953
  T1+T2 13 0.73 (0.45-1.34) 
  T3+ T4 83 0.83 (0.49-1.24) 
pN stage   0.070
  N0 19 0.71 (0.37-1.20) 
  N1 17 1.12 (0.87-1.86) 
  N2 23 0.67 (0.42-1.43) 
  N3 37 0.71 (0.49-1.05) 
pTNM stage   0.977
  I 7 0.89 (0.35-1.20) 
  II 19 0.73 (0.41-1.24) 
  III 70 0.82 (0.50-1.28) 
Invasion into lymphatic vessels   0.817
  Negative 50 0.73 (0.49-1.21) 
  Positive 46 0.86 (0.49-1.41) 

aAB007962 median relative expression (25th-75th percentile); b3 patients had early-stage gastric cancer. TNM, Tumor-Node-Metastasis; 
p, pathological.
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Discussion

Currently, the majority of GC cases are diagnosed at an 
advanced stage and patients have a poor prognosis (18); thus, 
early diagnosis of GC is of great importance. In order to 
achieve early diagnosis of GC, novel biomarkers for diagnosis 
and prognosis should be determined and used in clinical 
medicine. For example, Japan and South Korea have provided 
a government-sponsored screening program for GC, which 
has contributed to a low mortality-to-incidence ratio in these 
countries (19).

Previously, numerous studies have demonstrated that aber-
rant expression of lncRNAs serves an essential role in various 
human cancer types during the process of initiation and devel-
opment (20-22). Furthermore, increasing evidence indicates that 
a number of lncRNAs serve as novel diagnostic and prognostic 
biomarkers in GC (9,13,23-25). For example, two well-known 
lncRNAs, H19 and maternally expressed 3 (MEG3), were 
reported to be dysregulated in GC (5,26). H19 is overexpressed 
in GC tissues and plasma, compared with NATs (24); therefore, 
the level of H19 in plasma may be used to distinguish patients 
with early stage GC from healthy individuals. Additionally, 
its sensitivity is notably increased, compared with traditional 
biomarkers in plasma, including carcinoembryonic antigen and 
carbohydrate antigen-199; therefore, the expression of H19 may 
be used to predict the prognosis of patients with GC (5,24,27). 
Furthermore, Sun et al (26) reported that MEG3 is significantly 
down-regulated and is associated with reduced OS times in GC, 
and therefore it also served as a prognostic biomarker for patients 
with GC. In the present study, the expression level of AB007962 
was investigated in GC tissues and NATs by RT-qPCR. The 

result indicated that AB007962 was down-regulated in the 
majority of the 96 GC tissues, compared with their matched 
NATs. These results indicated that AB0074962 may be used as 
a novel diagnostic biomarker in GC.

In a previous study, Zhang et al (8) determined that antisense 
non‑coding RNA in the INK4 locus (ANRIL) was significantly 
associated with tumor size, and indicated that knockdown of 
ANRIL inhibited GC cell proliferation in vitro. Sun et al (26) 
reported, similarly, that MEG3 was associated with tumor size 
and it may also regulate cell proliferation in GC. In the present 
study, the expression levels of AB007962 decreased in patients 
with larger tumor size; therefore, it was hypothesized that low 
expression levels of AB007962 may contribute to the prolif-
eration of GC. Whether AB007962 regulated cell proliferation 
should be investigated further in the future.

The Lauren classification dates back to 1965 (28), and it 
is frequently used in clinical diagnosis and treatment (29). 
According to the Lauren classification, GC may be divided into 
intestinal, diffuse and mixed types (28). A previous study indi-
cated that patients with intestinal-type GC have an improved 
prognosis, compared with those with other Lauren types (30). 
The intestinal type of GC is described as a tumor with glandular 
architecture and resembling colonic carcinoma (31), and its rela-
tive frequency is ~54% (32). A number of studies have reported 
that intestinal-type GC is frequently associated with intestinal 
metaplasia and Helicobacter pylori infection (33,34).

Previously, researchers have determined that a number of 
biomarkers predict the prognosis of patients with GC of different 
Lauren types. Human epithelial growth factor receptor 2 (HER2) 
is a member of the HER family. Its overexpression has been 
frequently observed in intestinal-type GC (35). Qiu et al (31) 

Table II. Univariate and multivariate Cox regression analyses AB007962 for overall survival times or Disease-free survival times 
of patients with intestinal-type gastric cancer in the study cohort (n=28).

 OS DFS
 --------------------------------------------------------------------- ---------------------------------------------------------------
Variables HR 95% CI P‑value HR 95% CI P‑value

Univariate analysis      
  AB007962 expression (high vs. low) 6.540 1.419-30.134 0.016a 7.044 1.469-33.784 0.015a

  Tumor size (≤5.5 vs. >5.5 cm) 0.557 0.178‑1.743 0.315 0.228 0.059‑0.889 0.033a

  Age (≤62 vs. >62 years) 1.048 0.331‑3.318 0.936 1.271 0.367‑4.396 0.705
  Sex (male vs. female) 0.883 0.192-4.054 0.872 0.595 0.075-4.708 0.623
  Tumor location (middle + lower vs. upper) 5.711 1.234-2.436 0.026a 2.433 0.628-9.426 0.198
  Macroscopic type (Borrmann I+II vs. III+IV) 0.689 0.143‑3.329 0.643 0.464 0.059‑3.676 0.467
  Invasion depth (T1+T2 vs. T3+T4) 0.427 0.055-3.314 0.415 0.569 0.072-4.493 0.592
  Regional lymph nodes (N0 vs. N1+N2+N3) 1.800 0.565-5.732 0.320 1.727 0.482-6.188 0.401
  TNM stage (I+II vs. III+IV) 1.340 0.430‑4.177 0.614 0.885 0.249‑3.143 0.850
  Invasion into lymphatic vessels (negative vs. positive) 1.497 0.449-4.986 0.511 1.049 0.295-3.727 0.941
Multivariate analysis      
  AB007962 expression (high vs. low) 6.185 1.331-28.732 0.020a 7.982 1.638-38.894 0.010a

  Tumor size (≤5.5 vs. >5.5 cm) NA NA NA 0.199 0.050‑0.788 0.022a

  Tumor location (middle + lower vs. upper) 5.403 1.152-25.349 0.032a NA NA NA

aP<0.05 was considered to indicate a statistically significant difference. OS, overall survival; DFS, disease‑free survival; CI, confidence interval; 
HR, hazard ratio; TNM, Tumor-Node-Metastasis; NA, not available.
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determined that HER2 positivity was an independent prognostic 
factor in patients with intestinal-type GC. Furthermore, it was 
reported that patients with HER2-negative and intestinal-types 
exhibit the longest OS and DFS times (31). HOTAIR may also act 
as a prognostic biomarker in diffuse-type GC, whereby patients 
with increased HOTAIR expression have a reduced prognosis 
compared with those with reduced HOTAIR expression (10). In 
the present study, it was determined that AB007962 expression 
was significantly associated with poor prognosis in 28 patients 
with intestinal-type GC, with patients with a reduced expression 
level of AB007962 having a reduced prognosis, compared with 
those with an increased expression level. These results indicated 
that AB0074962 may act as a novel prognostic biomarker in 
intestinal-type GC.

In the present study, it was determined that AB007962 
expression has a negative association with tumor size. It was 
also negatively associated with the OS and DFS time of patients 
with intestinal-type GC; however, the analysis of TCGA dataset 
of 274 GC patients indicated no significant association between 
AB007962 expression, clinicopathological factors and patient 
survival time. The difference of results may be attributed to 
different population data and different measuring methods. 
Firstly, all patients in the present study were from the Han popu-
lation living in North China. The majority of the patients in the 
TCGA dataset were non-Asian (73.36%), with no patients from 
the Han population living in North China. Additionally, RT-qPCR 
was performed to measure the expression level of AB007962 in 
GC tissues and matched NATs; however, AB007962 expression 
levels were determined by RNA Sequencing in TCGA dataset. 
Future studies should expand the sample size and investigate if 
these data also apply to other populations.

In conclusion, the results of the present study indicated that 
AB007962 expression is downregulated in GC. Furthermore, 
the expression level of AB007962 may predict the outcome 
of patients with intestinal-type GC; therefore, AB007962 is a 
potential novel biomarker for prognosis. However, the function 
and molecular mechanisms of AB007962, particularly in cell 
proliferation, requires further study.
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