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Abstract: An increasing number of deregulated long non-coding RNAs (IncRNA) have been implicated in cancer in
humans, suggesting that INcRNAs may be involved in tumorigenesis or tumor progression. In previous investiga-
tions, INcRNA, AFAP1-AS1 has been found to be associated with several cancers, including nasopharyngeal carci-
noma, lung cancer and esophageal adenocarcinoma. However, the function of AFAP1-AS1 in lung cancer has not
been reported. In our present study, we found that AFAP1-AS1 was overexpressed in lung adenocarcinoma and as-
sociated with survival time. The low expression of AFAP1-AS1 was an independent predictor for disease-free survival
in patients with lung adenocarcinoma. Additionally, we transfected AFAP1-AS1 siRNA into H1975 and HCC827, both
lung adenocarcinoma cancer cells, and found that cell growth was suppressed, apoptosis induced and invasion
inhibited. Taken together, AFAP1-AS1 down-regulation exerts growth suppression and apoptosis induction in lung
adenocarcinoma cells, suggested it may participate in turmorigenesis and be a therapeutic target for treating lung

adenocarcinoma in future.
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Introduction

Lung cancer is the leading cause of cancer-
associated mortality worldwide. In 2010, the
mortality rate from lung cancer approached
1,500,000, accounting for 19% of all cases of
cancer related death that year [1]. With increase
in environmental pollution and weak tobacco
control in China, the incidence of lung cancer in
China has surged in last 10 years [2]. Of all
patients with lung cancer, more than half are
diagnosed with locally advanced or metastatic
disease. Despite continuous improvements in
surgical resection, radiation therapy technolo-
gies and chemotherapy or target drugs, patients
with lung cancer are vulnerable to relapse and
associated mortality [3]. The cure rate for lung
cancer is low, with a 5-year survival rate of less
than 15% [4]. Certain cases of lung cancer have
been found to be associated with tobacco con-
sumption [5]. However, the mechanisms under-

lying the development of lung cancer remain to
be fully elucidated. Therefore, the investigation
of lung cancer tumorigenesis and development
remains important.

Previous studies have indicated that only 1.5-
2% of mammalian genomic sequences code for
proteins, and it has been shown that mammali-
an genomes are largely transcribed, compris-
ing numerous non-coding RNAs [6]. Non-coding
RNAs are classified into two groups, represent-
ed by short RNAs, which are generally less than
200 bp in length and include microRNA (miR-
NAs), and long non-coding RNAs (IncRNAs),
which are more than 200 bp in length [7].
MiRNAs have been intensively investigated in
lung cancer, and a number of specific miRNAs
have been reported as oncogenes, tumor sup-
pressors and regulators of drug-resistance in
lung cancer [8, 9]. It has also become increas-
ingly apparent that IncRNAs are critical in cellu-
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lar processes, including cell growth, differentia-
tion and apoptosis, via transcriptional and/or
post-transcriptional regulation of genes [10].
However, the detailed characterization of the
effects of IncRNAs on tumorigenesis and the
development of lung cancer require further
elucidation.

In lung cancer, a number of studies have inves-
tigated the role of IncRNAs. The IncRNA expres-
sion profile of human lung adenocarcinoma
compared to normal lung samples have been
investigated and analyzed using microarray.
And 2,420 IncRNAs have been identified as
being differentially expressed, suggesting cer-
tain specific INncRNAs may be important in
tumorigenesis and development of lung cancer
[14]. In addition, our previous study found that
MALAT1 promotes brain metastasis by induc-
ing epithelial to mesenchymal transition in lung
cancer [12]. HOTAIR has been found to be over-
expressed in metastatic lung cancer, and has
subsequently been found to be involved in
motility and invasion of lung cancer [13]. MEG3
has been found to inhibit non-squamous cell
lung carcinoma (NSCLC) cell proliferation and
induce apoptosis by affecting the expression
of p53 [14]. AFAP1-AS1 has been shown to
exert biological functions in esophageal adeno-
carcinoma, pancreatic ductal adenocarcinoma
and lung cancer [15-17]. Therefore, the present
study aimed to investigate the biological func-
tions of AFAP1-AS1 in lung adenocarcinoma
from clinical and cellular aspects.

Methods and materials
Ethics

All patients signed informed consent and hu-
man samples used in this study were approv-
ed by the Committee for Ethical Review of
Research Involving Human Subjects in Drum
Tower Hospital, Affiliated to Medical School of
Nanjing University.

Tissue samples and cell lines

Lung adenocarcinoma samples (n = 36) and
matched normal tissues (n = 36) were collect-
ed at Nanjing Drum Tower Hospital (Nanjing,
China). The lung adenocarcinoma cell lines-
H1915 and HCC827 were obtained from
American Type Culture Collection (ATCC) and
cultured in RPMI-1640 medium (Invitrogen, CA)
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with 10% Fetal bovine serum (FBS) and 100 U/
mL penicillin/streptomycin (Sigma, St Louis,
MO).

Quantitative Real-Time PCR (qRT-PCR)

Total RNA from tissues or cell lines was extract-
ed using TRIzol reagent (Invitrogen, CA). The
concentration of isolated total RNA was mea-
sured by NanoDrop ND-1000 Spectropho-
tometer (Agilent, CA). For mRNA detection, the
total RNA was reversely transcribed by using
SuperScript Il First-Strand Synthesis System
for RT-PCR (Invitrogen, CA). The qPCR was per-
formed by using SsoFast™EvaGreen® Supermix
(Bio-Rad). The primers of AFAP1-AS1 were
5-TCGCTCAATGGAGTGACGGCA-3’ and 5-CGG-
CTGAGACCGCTGAGAACT-3’ (Reverse) [18]. And
primers for HPRT1 were TGACACTGGCAAAA-
CAATGCA (Forward) and GGTCCTTTTCACC-
AGCAAGCT (Reverse). Amplification was done
on a Bio-Rad CFX96 system in 20 uL. HPRT1
internal control was used as endogenous con-
trols, and fold changes were calculated via rela-
tive quantification 24¢t [19].

Cell proliferation assay

Cells were detached by treatment with 0.25%
trypsin-EDTA (Invitrogen, Carlsbad, CA, USA)
and seeded into 96-well plates at a density of
5x102 per well in 100 pl. For the MTS assay, the
CellTiter 96®AQueous One Solution Cell Pro-
liferation Assay kit (Promega, Madison, WI,
USA) was used following the manufacturer’s
instruction. Briefly, 2 h before each of the
desired time points (12 h, 24 h and 48 h), 20 pl
of the MTS reagent was added to each well and
cells were incubated at 37°C for 3 h. The absor-
bance was detected at 490 nm using a Wallac
Victor 1420 Multi-label plate reader. All of the
experiments were repeated three times.

Cell apoptosis assay

The Cells were harvested using 40 um cell
strainers (BD Biosciences, San Jose, CA, USA).
The cells were detached by treatment with
0.25% trypsin-EDTA (Invitrogen, Carlsbad, CA,
USA) and washed once with phosphate-buff-
ered saline. The cells were then resuspended in
100 ul Staining Buffer (eBioscience, San Diego,
CA, USA) containing 1% fetal bovine serum
(FBS; Gibco BRL, Grand Island, NY, USA) and
place on ice for 20 min to block Fc receptors.
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Figure 1. AFAP1-AS1 is over-expressed in lung ad-
enocarcinoma cancer and is associated with patient
survival. A: The level of AFAP1-AS1 in 36 pairs of
lung adenocarcinoma cancer tissue samples was
analyzed by gRT-PCR. Lung adenocarcinoma cancer
patients were divided to 3 groups and the average
level of AFAP1-AS1 in each group was higher than
that in matched normal tissues (P < 0.0001). B: The
Kaplan-Meier method was used to analyze survival
in patients with lung adenocarcinoma cancer. The
probability of patient survival: AFAP1-AS1 high, n =
20; AFAP1-AS1 low, n = 16 (P = 0.0382).

After incubating with primary phycoerythrin
(PE) for another 45 min on ice in dark, the cells
were washed twice with 1 ml ice-cold Staining
Buffer and centrifuged (400xg) for 5 min at
4°C. Then Cells were resuspended in 0.5 ml 2%
formaldehyde fixation buffer and analysed
using a FACSCalibur flow cytometer and
CellQuest software (BD Biosciences, San Jose,
CA, USA). All flow cytometry results were
obtained from two independent experiments
performed in triplicate.

In vitro Matrigel invasion assay

The cell invasiveness was assessed with the
use of BioCoatMatrigel Invasion Chambers (BD
Biosciences, Bedford, MA). Medium with 10%
FBS was added to the lower chamber as che-
moattractant. Then equal numbers of H1975,
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HCC827 or stable transfected with siRNA of
ASAP1-AS1 or siControl were resuspended in
500 pl serum-free medium and seeded into the
rehydrated insert. After 24 h of incubation at
37°C, non-invading cells on the upper surface
of the Matrigel membrane were gently removed
with a cotton-tipped swab. The cells were then
fixed with 100% methanol and stained with 1%
toluidine blue (Sigma). The stained invasive
cells on the lower surface of the membrane
were photographed under an inverted light
microscope (40x objective) and quantified by
manual counting in three randomly selected
areas. This experiment was performed in dupli-
cate in three independent experiments.

Statistical analysis

The experimental data are presented as the
mean * standard deviation (SD). All statistical
analyses were performed using ANOVA or a
two-tailed Student’s t test (SPSS 22.0 SPSS
Inc, Chicago, IL, USA). Disease-free survival
(DFS) was measured from the date of hepatic
resection to the date of death or the last follow-
up. The survival curves were calculated using
the Kaplan-Meier method and statistically com-
pared using a log-rank test. Differences were
considered statistically significant when the
P-values were less than 0.05.

Results

AFAP1-AS1 is increased in lung cancer tissues
and is associated with patients’ survival

To investigate the potential role of AFAP1-AS1
in lung cancer, the level of AFAP1-AS1 mRNA in
36 lung adenocarcinoma samples, which was
divided to 3 groups and 12 cases were in each
group, and 36 normal matched tissues, was
compared by qRT-PCR. The relative level of
AFAP1-AS1 was significantly higher in lung
tumor tissues compared with matched normal
tissues (P < 0.0001, paired Student’s t-test;
Figure 1A). Moreover, we analyzed the associa-
tion between AFAP1-AS1 and survival of
patients. The high level of AFAP1-AS1 was sig-
nificantly correlated with shorter disease-free
survival (DFS) of patients with lung adenocarci-
noma (P = 0.0382; Figure 1B). These results
indicate that AFAP1-AS1 level is increased in
lung adenocarcinoma patients and associated
with patients’ survival.
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Figure 2. Silencing of AFAP1-AS1 inhibits lung adenoncarcinoma cancer cell growth. (A, B) The level of AFAP1-AS1 in
H1975 (A) and HCC827 (B) cells transfected with siRNA or scramble siRNA as control by gRT-PCR analysis. (C, D) The
cell growth rate was detected in H1975 and HCC827 cells transfected with siRNA or scramble siRNA by MTS assay
at different time points (24 h, 48 h, 72 h and 96 h). Down-regulation of AFAP1-AS1 inhibits lung adenoncarcinoma

cancer cell growth significantly (P < 0.05).

Down-regulation of AFAP1-AS1 leads to growth
inhibition in lung adenocarcinoma cells

To reveal the potential role of AFAP1-AS1 in lung
adenocarcinoma, we transfected lung adeno-
carcinoma cells-HCC827 and H1975 with syn-
thetic oligo nucleotides to knock-down AFAP1-
AS1 expression. Then we investigated whether
AFAP1-AS1 affect lung adenocarcinoma cell
growth. The two-step quantitative RT-PCR
results showed that transfection of AFAP1-AS1
siRNA could significantly decrease the level of
AFAP1-AS1 in HCC827 or H1975 cells, as com-
pared to their respective control groups (P <
0.05, Figure 2A, 2B). Subsequently, MTS assay
showed that down-regulation of AFAP1-AS1 sig-
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nificantly inhibited cell growth of both HCC827
and H1975 cells (Figure 2C, 2D).

Inhibition of AFAP1-AS1 promoted apoptosis in
lung adenocarcinoma cells

Since down-regulation of AFAP1-AS1 has been
shown to inhibit the growth of lung adenoc-
arcinoma cells, we next examined whether
knockdown of AFAP1-AS1 is able to induce
apoptosis of lung adenocarcinoma cells.
HCC827 and H1975 cells were transfected
with AFAP1-AS1 siRNA. The cells transfected
with scramble siRNA were used as control.
Following 72 hours of transfection, flow cytom-
etry analysis revealed that knockdown of
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Figure 3. Silencing of AFAP1-AS1 in-
duces lung cancer apoptosis in vitro. A:
Flow cytometry of apoptosis in H1975
and HCC827 transfected with siRNA or
scramble siRNA. Specific AFAP1-AS1
siRNA induced significant apoptosis
in H1975 and HCC827 (lower right
quadrant, 37.9% vs 3.80%; 24.3% vs
0.60%). B: Apoptosis rate relative to
treatment with a scrambled siRNA or
with a specific AFAP1-AS1 siRNA. Spe-
cific siRNA induced significant apopto-
sis in both H1975 and HCC827 (P <
0.05).

by scramble siRNA, and almost 37% in H1975
cells compared to 3.8% by scramble siRNA

Am
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(Figure 3A, 3B). Collectively, these data indi-
cate that AFAP1-AS1 is one of apoptosis induc-
ers in lung adenocarcinoma cells.

Inhibition of AFAP1-AS1 in lung adenocarci-
noma cells leads to reduced invasion

In light of the above observation that AFAP1-
AS1 is greatly affected the growth and apopto-
sis of lung adenocarcinoma cells, we hypothe-
sized that it may be associated with the
invasiveness of tumor cells too. We transfect-
ed HCC827 and H1975 with AFAP1-AS1 siRNA
or scramble siRNA. Then following 72 hours
of transfection, we investigate the invasion
of HCC827 and H1975 cells. Consistently,
HCC827 and H1975 transfected with AFAP1-
AS1 siRNA demonstrated low invasiveness and
the invasive cells almost 3 times less than that
of transfected with scramble siRNA as control
(P < 0.05, Figure 4A, 4B). These results sug-
gested that AFAP1-AS1 affected the invasion of
lung adenocarcinoma cells.

Discussion

Intensive studies over the last decades have
focused on the role of protein coding genes in
the tumorigenesis and development of cancer.
However, recent advances in technologies such
as microarray and sequencing of RNA have
made it possible to survey the transcripts of
many organisms and diseases [20]. In fact, at
least 90% of the genome is actively transcrib-
ed to non-coding RNAs, including microRNA
and long non-coding RNAs. Although initially
regarded as transcriptional noise, recent stud-
ies indicate that they may have a biological role
in cellular development, differentiation and
metabolism [21]. Furthermore, accumulating
evidences of dys-regulated IncRNAs across a
number of cancers suggest that aberrant
INcCRNA expression may be a major contributor
to tumorigenesis and cancer development.

As mentioned above, IncRNAs have been impli-
cated in a wide variety of human diseases
including cancers, such as in breast, liver and
lung cancer [22-24]. However, MALAT-1 has
been previously associated with worse progno-
sis in a small group of lung cancer patients. And
in our previous research, we also found that
MALAT-1 was correlated with development
of brain metastasis in lung cancer patients
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[25]. Cumulatively, these studies suggest that
IncRNA might be involved in both the process of
tumorigenesis as well as metastatic progres-
sion and, thus, the further investigation of the
function of IncRNA is needed. In our current
study, we found that the average level of AFAP1-
AS1 in lung adenocarcinoma tissues was
significantly higher than those in matched non-
tumor tissues. The low expression level of
AFAP1-AS1 in lung adenocarcinoma patients
was associated with better survival and could
be an independent prognostic indicator.

AFAP1-AS1 level was higher in lung adenocarci-
noma compared with matched non-tumor tis-
sues, but in other studies, it was demonstrated
down-regulated in esophagus cancer [15-17].
These contrary findings are probably because
IncRNAs exhibit remarkably tissue-specific
expression patterns than protein-coding genes.
AFAP1-AS1 too, may have a tissue-specific ex-
pression profile and exhibit important role in
NSCLC development and progression.

The previous studies suggest that IncRNAs may
play a very important role in tumorigenesis and
development of cancer, similarly to protein cod-
ing genes. For example, long noncoding RNA
HOTAIR has been found to be relevant to cellu-
lar proliferation, invasiveness, and clinical
relapse in small-cell lung cancer. LncRNA UCA1
promotes breast tumor growth by suppression
of p27 (Kipl) [26]. P53-regulated long non-cod-
ing RNA TUG1 affects cell proliferation in
human non-small cell lung cancer, partly th-
rough epigenetically regulating HOXB7 expres-
sion [27]. In our study, we demonstrated that
AFAP1-AS1 involves in growth, apoptosis and
progression of lung adenocarcinoma.

Recently, Zeng et al demonstrated that AFAP1-
AS1 knockdown significantly inhibited the cell
invasive and migration capability in lung cancer
cells. And they further speculated that AFAP1-
AS1 may promote cancer cell metastasis via
regulation of actin filament integrity [17]. These
results are similar to our experimental results
in vitro, which further proved our conclusion.
AFAP1-AS1 is likely to be a useful biomarker of
lung adenocarcinoma. Therefore, AFAP1-AS1
may serve as a novel therapeutic application
for lung adenocarcinoma patients in future.
However, the observation and specific mecha-
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nism of AFAP1-AS1 are needed to elucidate in
the future studies.
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