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Abstract. The morbidity and mortality rates of patients 
with non‑small cell lung cancer (NSCLC) are increasing 
worldwide. Previous studies have demonstrated that long 
non‑coding RNAs (lncRNAs) may serve critical roles in 
oncogenesis and cancer progression. The present study aimed 
to investigate the expression of lncRNA TCONS_00001798 
and the clinicopathological factors and prognosis of 
patients with NSCLC. Reverse transcription quantitative 
polymerase chain reaction (RT‑qPCR) was used to measure 
the expression of TCONS_00001798 in 118  paired 
NSCLC and adjacent non‑tumor tissues. The association 
between TCONS_00001798 expression and patient clini-
copathological factors and survival rates was subsequently 
analyzed. The results demonstrated that the expression of 
TCONS_00001798 was significantly downregulated in 
NSCLC tissues compared with adjacent non‑tumor tissues 
(P<0.001). Additionally, the expression of TCONS_00001798 
was negatively associated with lymph node metastasis 
(P<0.001) and an advanced pathological stage (P=0.003). 
A Kaplan‑Meier analysis demonstrated that decreased 
TCONS_00001798 expression was significantly associated 
with shorter overall survival (OS) and disease‑free survival 
(DFS) rates (each P<0.001). Furthermore, the results of multi-
variate analyses revealed that TCONS_00001798 expression 
may serve as an independent predictor for OS and DFS rates 

(each P=0.001). Therefore, the present study demonstrated 
that TCONS_00001798 may be involved in the oncogenesis 
and progression of NSCLC and that TCONS_00001798 may 
be a potential diagnostic and therapeutic target in patients 
with NSCLC.

Introduction

Non‑small cell lung cancer (NSCLC) accounts for 80‑85% 
of all lung cancer cases and is the leading cause of 
cancer‑associated mortality worldwide (1). Despite advance-
ments in the understanding of the molecular mechanisms 
and clinical treatment of NSCLC, its prognosis remains 
poor and the 5‑year overall survival rate of patients with 
NSCLC is ~15% (2). The primary cause of treatment failure 
and mortality in patients with NSCLC is the high metastatic 
potential of the tumor, combined with a lack of an effective 
early diagnostic method. Thus, it is important to identify 
novel biomarkers for the early diagnosis and treatment of 
patients with NSCLC.

Long non‑coding RNAs (lncRNAs) are a class of 
non‑coding RNAs comprised of >200  nucleotides  (3,4). 
Although lncRNAs were once classified as transcrip-
tional noise  (5), subsequent studies have demonstrated 
that lncRNAs participate in various biological processes, 
including epigenetic control, the regulation of gene expres-
sion, RNA maturation (including splicing and editing) and 
the maintenance of chromatin structure (3,4,6). The abnormal 
expression of lncRNA has been identified in various types of 
cancer, including prostate, breast, colorectal, bladder, lung 
and gastric cancer, as well as hepatocellular carcinoma and 
melanoma (7‑14). Previous studies have demonstrated that 
certain lncRNAs may be potential prognostic biomarkers for 
patients with cancer. For example, HOTAIR, which is associ-
ated with human HOX loci and cancer metastasis, has been 
identified as a negative prognostic biomarker in certain types 
of cancer (15‑17). Prensner et al (18) revealed that the expres-
sion of prostate cancer-associated transcript 1 (PCAT‑1) was 
significantly upregulated in prostate tumors compared with 
normal prostate tissues, thus promoting cancer cell prolifera-
tion. It was also demonstrated that the knockdown of PCAT‑1 
expression inhibited the proliferation of prostate cancer cells, 
suggesting that PCAT‑1 is involved in tumor progression 
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and may be a potential prognostic biomarker of prostate 
cancer (18).

However, the function of lncRNAs in lung cancer remains 
largely unknown. Based on microarray analysis, the present 
study focused on a lncRNA termed TCONS_00001798 that 
demonstrated aberrant downregulation in NSCLC tissues 
compared with normal lung tissues. It was subsequently 
determined whether TCONS_00001798 is a novel prognostic 
marker for NSCLC. The expression of TCONS_00001798 
in NSCLC and adjacent non‑tumor tissues was examined 
and the association between the expression of lncRNAT-
CONS_00001798 and the clinicopathological features and 
survival rates of patients with NSCLC was determined.

Materials and methods

Collection of patient tissue and clinical data. A total of 
118 patients with NSCLC (76 males and 42 females) with a mean 
age of 57.9 years (range, 31‑79 years), who underwent surgical 
resection between July 2008 and July 2010 at Tianjin Medical 
University Cancer Institute and Hospital (Tianjin, China), were 
enrolled in the present study. No patient received adjuvant 
therapy prior to surgery. Clinical and pathological features 
of NSCLC were obtained from patient reports. All resected 
NSCLC and adjacent non‑tumor tissues (>5 cm from the tumor) 
were immediately frozen in liquid nitrogen and stored at ‑80˚C 
prior to RNA extraction and reverse‑transcription quantitative 
polymerase chain reaction (RT‑qPCR). Tumors were staged 
according to the 7th edition of the tumor node metastasis clas-
sification (19). Following surgery, all patients were followed up 
every 3 months for the first year, every 6 months for the second 
year, and then every year until mortality or the last follow 
up. Patients were followed up until September 2016. Routine 
follow‑up assessments included physical examinations, chest 
computed tomography, abdominal and cervical ultrasound, 
and laboratory tests. Further investigations included radionu-
clide bone scan and magnetic resonance imaging scans of the 
brain when patients had the symptoms of bone metastasis or 
brain metastasis. Overall survival (OS) was calculated from 
the date of surgery to the date of mortality or the last follow‑up. 
Disease‑free survival (DFS) was calculated from the date of 
surgery to the date of first recurrence or the last follow‑up. The 
primary adjuvant treatment that patients underwent following 
surgery was chemotherapy or radiotherapy, either alone or in 
combination. The chemotherapywas a routine program for 
NSCLC, consisting of paclitaxel (135 mg/m2), vinorelbine 
(25  mg/m2 on days  1  and  8), pemetrexed (500  mg/m2) or 
gemcitabine (1 g/m2 on days 1 and 8) plus cisplatin (75 mg/m2) 
or carboplatin [target area under the curve, 5 (AUC5)] every 
3  weeks for 4-6  cycles. All chemotherapy drugs were 
administered intravenously. The present study was approved 
by the Ethics Committee of Tianjin Medical University 
Cancer Institute and Hospital (Tianjin, China) and 
written informed consent was obtained from each patient prior 
to enrolment.

RNA extraction and RT‑qPCR. Total RNA from frozen 
tissue specimens was extracted using the TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) according to the manufacturer's protocol and reverse 

transcribed into cDNA using a Reverse Transcription kit 
(Takara Biotechnology Co., Ltd., Dalian, China). The 
reverse transcription reaction was performed under the 
following conditions: 37˚C for 30 min; then 85˚C for 5 sec; 
and holding at 4˚C. Subsequently, qPCR was performed 
using a SYBR Premix Ex Taq II kit (Takara Biotechnology 
Co., Ltd.) on a CFX96 Real‑Time PCR Detection System 
(Bio‑Rad Laboratories Inc., Hercules, CA, USA) to quantify 
the expression of TCONS_00001798. The PCR amplifica-
tion was performed under the following conditions: 95˚C 
for 30 sec, then 40 cycles of denaturation at 95˚C for 5 sec, 
annealing at 60˚C for 60 sec and elongation at 72˚C for 30 sec. 
Glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) was 
used as an internal control. All experiments were repeated 
three times for accuracy. The primer sequences utilized 
were as follows: TCONS_00001798 forward, 5'CAG​AAG​
GCT​GCC​CTG​TAG​AA3' and reverse, 5'GCT​TCT​TCC​ACT​
CCT​GCG​T3'; GAPDH forward, 5'GGG​AAA​CTG​TGG​CGT​
GAT3' and reverse, 5'GAG​TGG​GTG​TCG​CTG​TTG​A3'.

Statistical analysis. SPSS 18.0 (SPSS, Inc., Chicago, IL, USA) 
and GraphPad Prism 5.0 (GraphPad Software, Inc., La Jolla, 
CA, USA) software were utilized for statistical analyses. χ2 and 
t‑tests were performed to evaluate the association between 
TCONS_00001798 expression and patient clinicopathological 
features. Overall survival (OS) and disease‑free survival 
(DFS) were estimated using the Kaplan‑Meier method and the 
statistical differences between survival curves were calculated 
using the log‑rank test. Univariate and multivariate analyses 
using the Cox proportional hazards regression model were 
performed to assess survival. All data are presented as the 
mean ±  standard deviation and P<0.05 was considered to 
indicate a statistically significant difference.

Results

TCONS_00001798 expression is downregulated in NSCLC 
tumor tissues. To assess whether TCONS_00001798 was 
present in NSCLC tissues, the expression of TCONS_00001798 
in NSCLC and adjacent non‑tumor tissues was determined 
using RT‑qPCR. The results demonstrated that the expression of 
TCONS_00001798 was significantly lower in NSCLC tissues 
compared with adjacent non‑tumor tissues (P<0.001; Fig. 1A).

The association between TCONS_00001798 expression and 
patient clinicopathological factors. The association between 
TCONS_00001798 expression and the clinicopathological 
characteristics of patients with NSCLC was assessed and 
is presented in Fig.  1. According to the median value of 
TCONS_00001798 expression (0.084), patients with NSCLC 
were divided into high (≥median; n=59) and low (<median; 
n=59) expression groups. No significant differences between 
TCONS_00001798 expression in tumors >3 cm in diameter 
and tumors <3  cm in diameter were identified  (Fig.  1D). 
However, a significant negative association between 
TCONS_00001798 expression and lymph node metastasis 
was identified. Tumors without lymph node metastasis (N0) 
were associated with higher TCONS_00001798 expression, 
whereas tumors with lymph node metastasis (≥N1) were asso-
ciated with significantly lower TCONS_00001798 expression 
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(P<0.001; Fig. 1C). Furthermore, statistical analysis revealed 
that low TCONS_00001798 expression was significantly 
associated with an advanced pathological stage (P=0.003; 
Fig. 1B). However, no associations were identified between 
TCONS_00001798 expression and other clinicopathological 

features, including patient age, sex, smoking status and histo-
logical subtype (Table I).

Low TCONS_00001798 expression predicts unfavorable 
survival in patients with NSCLC. A Kaplan‑Meier analysis 

Figure 1. Association between the expression of TCONS_00001798 in NSCLC tissues and clinicopathological factors. (A)  Relative expression of 
TCONS_00001798 in NSCLC tissues (n=118) compared with adjacent non‑tumor tissues (n=118). TCONS_00001798 expression was detected by reverse 
transcription quantitative polymerase chain reaction and normalized to GAPDH. TCONS_00001798 expression was significantly lower in patients with 
(B) advanced pathological stage and (C) lymph node metastasis (N1 or above). (D) TCONS_00001798 expression was not associated with tumor size, measure 
by diameter. All data are presented as the mean ± standard deviation. NSCLC, non‑small cell lung cancer; GAPDH, glyceraldehyde‑3‑phosphate dehydroge-
nase; n.s., not significant.

Figure 2. Prognostic significance of TCONS_00001798 in patients with NSCLC. Kaplan‑Meier curves for the (A) overall and (B) disease‑free survival rates of 
patients with NSCLC, according to TCONS_00001798 expression. Patients with low levels of TCONS_00001798 expression exhibited a decreased overall and 
disease‑free survival rate compared with patients that exhibited high expression. All data are presented as the mean ± standard deviation. NSCLC, non‑small 
cell lung cancer.
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and a log‑rank test were used to further assess the associa-
tion between TCONS_00001798 expression and the survival 

of patients with NSCLC. The results revealed that decreased 
TCONS_00001798 levels were significantly associated with 

Table I. Association between the expression of TCONS_00001798 and clinicopathological characteristics in 118 patients with 
NSCLC.

	 Number of patients
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient characteristics	 Number of patients	 Low expression 	 High expression	 P‑value

Age (years)				    0.261
  ≤60	 70	 32	 38
  >60	 48	 27	 21
Sex				    0.249
  Male	 76	 41	 35
  Female	 42	 18	 24
Smoking				    0.431
  Yes	 80	 42	 38
  No	 38	 17	 21
Histological subtype				    0.514
  AD	 41	 21	 20
  SCC	 52	 28	 24
  Others	 25	 10	 15
Pathological stage				    0.003a

  I and II	 72	 28	 44
  III and IV	 46	 31	 15
Lymph node metastasis (N)				    <0.001a

  N1 or above	 49	 34	 15
  N0	 69	 25	 44
Tumor size (cm)				    0.712
  ≤3	 54	 26	 28
  >3	 64	 33	 31

All data are presented as the mean ± standard deviation. aP<0.05. NSCLC, non‑small cell lung cancer; AD, adenocarcinoma; SCC, squamous 
cell carcinoma.

Table II. Univariate and multivariate analysis of clincopathological variables for OS rates in 118 patients with NSCLC.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 P‑value	 95% CI	 HR	 P‑value	 95% CI

TCONS_00001798 expression (low, high)	 0.345	 <0.001a	 0.213‑0.559	 0.424	 0.001a	 0.257‑0.699
Pathological stage (I/II, II/IV)	 2.894	 <0.001a	 1.813‑4.620	 2.017	 0.047a	 1.010‑4.029
Lymph node metastasis (N0, N1 or above)	 0.376	 <0.001a	 0.235‑0.600	 0.798	 0.526	 0.396‑1.605
Sex (male, female)	 0.693	 0.145	 0.423‑1.134
Age (years) ≤60, <60)	 0.953	 0.840	 0.599‑1.517
Smoking (yes, no)	 0.913	 0.715	 0.561‑1.486
Histological subtype (AD, SCC, others)	 1.180	 0.278	 0.875‑1.592
Tumor size (≤3 cm, >3 cm)	 0.966	 0.881	 0.611‑1.526

All data are presented as the mean ± standard deviation. aP<0.05. OS, overall survival; NSCLC, non‑small cell lung cancer; HR, hazard ratio; 
CI, confidence interval; AD, adenocarcinoma; SCC, squamous cell carcinoma.
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shorter OS and DFS rates  (each P<0.001; Fig. 2A and B). 
Univariate analysis using a Cox proportional hazards model 
demonstrated that TCONS_00001798 expression was a signif-
icant factor for the prediction of OS and DFS rates in patients 
with NSCLC, with a hazard ratio (HR) of 0.345 [P<0.001; 95% 
confidence interval (CI) 0.213‑0.559] and 0.364 (P<0.001; 
95% CI, 0.225‑0.589), respectively (Tables II and III). In addi-
tion, other clinicopathological factors including lymph node 
metastasis and pathological stage were considered to be signif-
icant for OS and DFS (each P<0.001). Multivariate analysis 
revealed that TCONS_00001798 expression was significantly 
associated with OS (HR, 0.424; 95% CI, 0.257‑0.699; P=0.001) 
and DFS (HR, 0.436; 95% CI,0.264‑0.720; P=0.001), as was 
pathological stage (Tables II and III).

Discussion

With the rapid development of genome technology, it has been 
demonstrated that mammalian genomes encode thousands of 
lncRNAs with numerous mechanisms of action, in addition to 
protein‑coding RNA (20,21). Although lncRNAs were previ-
ously considered to represent transcriptional noise, with no 
observable function in cells, it has since been demonstrated 
that lncRNAs serve a variety of important roles in biological 
processes, including epigenetic control, the regulation of 
gene expression, RNA maturation (including splicing and 
editing) and the maintenance of chromatin structure (3,4,6). 
Previous studies have revealed that lncRNAs are abnormally 
expressed in certain tumors, suggesting that they may serve as 
potential biomarkers predicting the prognosis of patients with 
cancer (15‑18,22‑25).

Several lncRNAs have been implicated in the initiation and 
progression of NSCLC and their expression may be regulated 
by transcription factors (26), interactions with microRNA (27) 
and Wnt/β‑catenin signaling (28). Han et al (26) demonstrated 
that the decreased expression of the promoter of CDKN1A 
antisense DNA damage‑activated RNA is negatively associ-
ated with NSCLC development and indicates the unfavorable 
prognosis of patients as it affects and cellular apoptosis via 

Bcl‑2. Schmidt et al (29) and Tano et al (30) demonstrated 
that metastasis associated lung adenocarcinoma transcript 
1 (MALAT‑1) expression was significantly upregulated 
in NSCLC and is associated with poor patient prognosis. 
Additionally, MALAT‑1 knockdown inhibited the migration of 
NSCLC cells by influencing the expression of motility‑related 
genes (29,30). Weber et al (25) also revealed that MALAT‑1 
maybe used as a complementary blood biomarker in patients 
with NSCLC. Despite this, few lncRNAs have been associated 
with NSCLC oncogenesis.

In the present study, the association between TCONS_ 
00001798 expression and the prognosis and clinicopathological 
features of patients with NSCLC was assessed. To the best of 
our knowledge, the present study was the first to demonstrate 
that lncRNA TCONS_00001798 is significantly down-
regulated in NSCLC tumor tissues compared with adjacent 
non‑tumor tissues. In addition, the results of the present study 
revealed that the decreased expression of TCONS_00001798 
is negatively associated with lymph node metastasis 
and advanced pathological stage. It was determined that 
TCONS_00001798 expression may be a potential indepen-
dent prognostic factor for OS and DFS rates, and NSCLC 
pathological stage. The present study therefore indicates that 
lncRNA TCONS_00001798 may serve an essential role in 
the development and progression of NSCLC via invasion and 
metastasis.

One major limitation of the present study was that only a 
small number of patients were enrolled from the same hospital, 
potentially leading to inaccurate conclusions. Therefore, 
further studies involving cell models, animal models and a 
greater number of patients, are required to elucidate the precise 
molecular mechanisms that underlie the altered expression of 
TCONS_00001798.

In conclusion, to the best of our knowledge, the present 
study was the first to demonstrate that the expression of 
lncRNA TCONS_00001798 is significantly downregulated 
in NSCLC tumor tissues and indicate that it is negatively 
associated with lymph node metastasis and an advanced 
pathological stage. Furthermore, it was demonstrated that 

Table III. Univariate and multivariate analysis of clinicopathological variables for DFS rates in 118 patients with NSCLC.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variables	 HR	 P‑value	 95% CI	 HR	 P‑value	 95% CI

TCONS_00001798 expression (low, high)	 0.364	 <0.001a	 0.225‑0.589	 0.436	 0.001a	 0.264‑0.720
Pathological stage (I/II, III/IV)	 2.782	 <0.001a	 1.750‑4.423	 2.403	 0.044a	 1.025‑5.632
Lymph node metastasis (N0, N1 or above)	 0.405	 <0.001a	 0.255‑0.644	 1.056	 0.901	 0.446‑2.498
Sex (male, female)	 0.720	 0.192	 0.440‑1.179
Age (years) (≤60, >60)	 1.045	 0.854	 0.657‑1.662
Smoking (yes, no)	 0.968	 0.897	 0.595‑1.576
Histological subtype (AD, SCC, others)	 1.174	 0.287	 0.874‑1.577
Tumor size (≤3 cm, >3 cm)	 1.031	 0.894	 0.653‑1.630

All data are presented as the mean ± standard deviation. aP<0.05. DFS, disease‑free survival; NSCLC, non‑small cell lung cancer; HR, hazard 
ratio; CI, confidence interval; AD, adenocarcinoma; SCC, squamous cell carcinoma.
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TCONS_00001798 expression may serve as an independent 
prognostic factor and potential therapeutic target in patients 
with NSCLC. However, further studies are required to clarify 
the molecular mechanisms that underlie this.
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