
Abstract. – OBJECTIVE: Lung cancer is the
most frequent cancer in China and worldwide.
Long noncoding RNAs (lncRNAs) have been
shown to play important regulatory roles in human
cancer biology. The aim of the present study was
to investigate the relationship between genomics
and prognosis among lung cancer patients.

PATIENTS AND METHODS: We collected
specimens from non-small cell lung cancer
(NSCLC) patients after surgery. Q-PCR was per-
formed to investigate the expression level of
lncRNAs in cancerous and adjacent normal tis-
sue. Patients were divided into different risk
groups according to lncRNA expression levels
and then follow-up.

RESULTS: The lncRNAs HOTAIR, H19 and
MALAT1 were up-regulated, while PANDAR and
TUG1 were down-regulated in NSCLC cancer tis-
sues compared with the corresponding adjacent
normal tissue. After two years of follow-up time,
the disease-free survival time (DFS) curves were
significantly different between the high-risk,
moderate-risk and low-risk patient groups.

CONCLUSIONS: Our results suggest that
lncRNAs are involved in the process of NSCLC
and that the use of genetic analysis for stratifica-
tion management of prognostic risk could help
us to implement individualized treatment for pa-
tients with NSCLC and ultimately to improve the
patient prognosis.

Key Words:
Non-small cell lung cancer (NSCLC), Long noncod-

ing RNAs (lncRNAs), Disease-free survival time (DFS).

Introduction

Lung cancer is the most frequent cause of
cancer-related death worldwide1. Approximate-
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ly 80-85% of lung cancer patients are diag-
nosed with non-small cell lung cancer
(NSCLC)2. According to NCCN guidelines, ad-
juvant chemotherapy is not recommended for
patients with stage IA NSCLC. However, adju-
vant chemotherapy may be suggested for pa-
tients with stage IB NSCLC when poor prog-
nostic factors, such as poor differentiation, vas-
cular invasion, pulmonary wedge resection, vis-
ceral pleura invasion, tumors larger than 4 cm
or insufficient lymph node dissection exist3. In
clinical practice, despite strict accordance with
TNM staging and treatment recommended by
the NCCN guidelines, we often encounter some
patients with late-stage NSCLC have a relative-
ly long disease-free survival time, while other
patients with early stage disease experience re-
currence and metastasis quickly. Thus, other
potential prognostic factors in addition to TNM
stage are worth exploring further. Studies of
mechanisms of tumorigenesis have primarily
focused on protein-coding genes. With the
completion of the human genome project,
mounting evidence has shown that lncRNAs are
capable of influencing various cellular process-
es, such as proliferation, cell-cycle progression,
cell growth and apoptosis4-7, and thus play an
important role in carcinogenesis and cancer
metastasis8-11.

In this context, we collected clinical speci-
mens from NSCLC patients who underwent
surgery at our hospital in 2013. Genetic analysis
was carried out to analyze the relationship be-
tween the expression levels of lncRNAs and DFS
among these patients.
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HOTAIR FWD CAGTGGGGAACTCTGACTCG
HOTAIR REV GTGCCTGGTGCTCTCTTACC
H19 FWD CCCACAACATGAAAGAAATGGTGC
H19 REV CACCTTCGAGAGCCGATTCC
MALAT1 FWD AGCGGAAGAACGAATGTAAC
MALAT1 REV GAACAGAAGGAAGAGCCAAG
PANDAR FWD TGCACACATTTAACCCGAAG
PANDAR REV CCCCAAAGCTACATCTATGACA
TUG1 FWD TAGCAGTTCCCCAA0TCCTTG
TUG1 REV CACAAATTCCCATCATTCCC
GAPDH FWD AGCCACATCGCTCAGACAC
GAPDH REV GCCCAATACGACCAAATCC

Table I. Primer sequences in this study.
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mate the statistical difference between survival
curves. A two-tailed p-value of 0.05 or less was
considered statistically significant.

Results

The pathological features of all 50 patients are
shown in Table II.

The Expression Levels of lncRNAs in
NSCLC Cancer Tissues

Q-PCR was performed to investigate the ex-
pression levels of lncRNAs in cancerous and ad-
jacent normal tissue. Consistent with previous
studies, we found that the lncRNAs HOTAIR,
H19 and MALAT1 were up-regulated while
lncRNAs PANDAR and TUG1 were down-regu-
lated in NSCLC cancer tissues compared with
the corresponding adjacent normal tissues. As
shown in Figure 1A, the change in the level of
HOTAIR, H19 and MALAT1 was 9.83±13.05,
6.68 ± 10.12 and 9.70 ± 18.69-fold, respectively.
The change in expression of PANDAR and
TUG1 was 0.50 ± 0.52 and 0.83 ± 0.99-fold, re-
spectively, as shown in Figure 1B. There was a
significant difference in the expression of lncR-
NAs in cancer and paracancerous tissues (p <
0.05).

lncRNAs Could Be Used to Predict DFS in
Patients with NSCLC

To determine the prognostic value of lncR-
NAs in NSCLC patients, we explored the corre-
lation between their expression and clinical out-
comes. Patients were included into different
groups according to the median gene expres-
sion. According to our previous results, high ex-
pression of HOTAIR, H19, MALAT1 and low
expression of PANDA and TUG1 were defined
as poor prognostic factors. Patients who had on-
ly one adverse factor were grouped into the
low-risk group, two into the moderate-risk
group, and three or more into the high-risk
group. As a result, there were 6 patients in the
low-risk group, 21 in the moderate-risk group
and 23 in the high-risk group. Patients could re-
ceive routine chemotherapy, radiotherapy or fol-
low up in accordance with the NCCN guide-
lines. After a 2-year follow-up period, the DFS
curve of the three groups was measured (Figure
2). The median DFS time for the high-risk
group was 13.5 to 22.5 months, whereas the
moderate-risk and low-risk groups had not yet

Patients and Methods

Tissue Collection and Ethics Statement
A total of 50 primary NSCLC patients who

had undergone surgery at Xuzhou Central Hospi-
tal in 2013 (China) were included in the study.
The included patients did not receive chemother-
apy or radiotherapy prior to surgery. The Ethics
Committee of XuZhou Central Hospital ap-
proved this study, and each patient participated
after providing informed consent. Tumor stage
was evaluated according to the tumor-node-
metastasis (TNM) classification system 2002. Pa-
tients discharged from the hospital were followed
up routinely according to a scheduled program,
at least once every six months.

RNA Extraction and qPCR Analyses
Total RNA was extracted from the frozen tis-

sues using TRIzol (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. RNA concentrations were estimated by
spectrophotometer absorbance readings of 260
and 280 nm. One µg of total RNA was reverse
transcribed to cDNA using a Reverse Transcrip-
tion Kit (Takara, Dalian, China). An ABI 7500
real-time PCR system (Applied Biosystems, Fos-
ter City, CA, USA) was used to quantify the ex-
pression levels of lncRNAs. Ten microliters of
SYBR Premix ExTaq (Takara, Dalian, China)
was mixed according to the manufacturer’s in-
structions. The results were normalized to the ex-
pression of GAPDH. Primer sequences used in
our study are shown in Table I.

Statistical Analysis
SPSS 17.0 software (SPSS Inc., Chicago, IL,

USA) was used for all statistical analysis. Sur-
vival curves were estimated using the Kaplan-
Meier method. A log-rank test was used to esti-
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Clinical factors Number of cases Percent of patients

Sex Male 29 58
Female 21 42

Age ≤ 60 22 44
> 60 28 56

Histological grade High 8 16
Middle 20 40
Middle to low 8 16
Low 13 26
Other 1 2

Histological classification SCC (squamous cell carcinoma) 28 56
AD (adenocarcinoma) 20 40
Other 2 4

Tumor stage I 13 26
II 21 42
III 15 30
IV 1 2

Tumor (T) T1 15 30
T2 15 30
T3 15 30
T4 5 10

Lymph node metastasis (N) N0 26 52
N1 19 38
N2 4 8
N3 1 2

History of smoking Ever 29 58
Never 21 42

Table II. The clinic-pathological factors of NSCLC patients.

Figure 1. A, and B, Relative expression of lncRNAs in NSCLC tissues compared with corresponding non-tumor tissues
(n=50). LncRNAs expression was examined by qPCR and normalized to GAPDH expression.

reached their median DFS time at 2 years. There
was a statistically significant difference among
the three groups (p = 0.041).

Discussion

According to the latest statistical data, lung
cancer has the highest incidence and mortality

among malignant tumors in China. There are
approximately 705,000 new cases and 569,000
deaths each year, with an incidence rate of
36.28/10 mill ion and a mortal i ty rate of
28.81/10 million. In recent years, in addition to
traditional chemotherapy, many new treat-
ments, such as monoclonal antibodies, includ-
ing bevacizumab12,13 and cetuximab14,15, and
small-molecule TKI inhibitors, such as gefi-
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tinib and erlotinib16,17, have prolonged the sur-
vival time of patients in advanced stages of
NSCLC. However, the overall prognosis of ad-
vanced NSCLC patients remains very poor.
The main reasons for this poor prognosis are
that molecular mechanisms of the development
and metastasis of NSCLC have not been fully
characterized, and most patients are diagnosed
at an advanced stage2. Gene therapy or im-
munotherapy have good potential but are still
being researched in the laboratory or are in
pre-clinical stages, and we are currently lack-
ing an effective molecular target. Therefore,
further exploration and research of new gene
functions in NSCLC ARE needed to reveal the
precise molecular mechanism of lung cancer,
improve early diagnosis of the disease, prac-
tice reasonable clinical treatment, and finally
improve the diagnosis and prognosis of pa-
tients with NSCLC.

LncRNAs are generally defined as transcribed
RNA molecules with a length greater than 200 nt
that are lacking an open reading frame. They are
expressed in tissue- and cell-specific patterns,
and they display weaker evolutionary constraints

and usually have lower expression levels than
protein-coding genes18. In recent years, many
studies have focused on the relationship between
lncRNAs and cancer. In our previous work10, we
found that lncRNA TUG1 is a direct target of the
p53 gene and could epigenetically regulate
HOXB7 expression, thus affecting NSCLC cell
proliferation. The lncRNA PANDAR could affect
apoptosis by regulating Bcl-2 and predicts a poor
prognosis in patients with NSCLC9. LncRNA
H19 is induced by proto-oncogene c-Myc and
modulates NSCLC cell proliferation19. The lncR-
NAs HOTAIR and MALAT1 have also been con-
firmed to participate in the development and pro-
gression of NSCLC by affecting cellular biologi-
cal functions20,21.

In the present paper, we collected specimens
from NSCLC patients after surgery, investigated
the expression levels of the above-mentioned
lncRNAs, and divided patients into three differ-
ent risk groups. We found that the DFS time was
significantly different between the three groups,
which suggests that, in addition to the traditional
TNM stage and poor prognostic factors (vascular
invasion, tumor size, etc.), genomics is also in-
volved in the process of disease and eventually
leads to different prognoses. In our clinical prac-
tice, in addition to evidence-based medical treat-
ments, such as NCCN guidelines, we may need
more powerful chemotherapy and more intensive
follow-up time for patients with a high-risk of re-
currence to ultimately improve the patients’ prog-
nosis.

Conclusions

Altogether, our findings indicate that testing
for histological lncRNA expression to predict
the risk of progression as well as the prognosis
of NSCLC can aid in the individualized treat-
ment of NSCLC patients and has important
clinical implications, which warrant further in-
vestigation.
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Figure 2. The DFS curve of three groups of patients with
different prognostic risk. 1: low-risk group, 2: moderate-risk
group, 3: high-risk groups. Log-rank test was performed be-
tween three groups, p = 0.041.
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