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Abstract. — OBJECTIVE: The purpose of this
study was to explore whether long non-coding
RNA AGAP2-AS1 (AGAP2-AS1) could serve as a
novel biomarker for non-small-cell lung cancer
(NSCLC).

PATIENTS AND METHODS: Cancer and
matched normal lung tissues were collected
from 198 patients. AGAP2-AS1 levels were ex-
amined by RT-PCR, and the associations of
AGAP2-AS1 levels with clinicopathological char-
acteristics evaluated. Overall survival was eval-
uated using the Kaplan-Meier method. Cox pro-
portional hazard modeling was performed for
univariate and multivariate analysis to determine
the effects of variables on survival. Receiver-op-
erating characteristic. Besides, the receiver op-
erating characteristic (ROC) curve analysis were
applied to analyze its diagnostic value.

RESULTS: Expression of AGAP2-AS1 was
up-regulated in the NSCLC tissues compared
with the adjacent normal tissues (p < 0.01).
Furthermore, The level of AGAP2-AS19 in NS-
CLC was strongly correlated with tumor stage
(p = 0.001) and lymph nodes metastasis (p =
0.005). Kaplan-Meier analysis demonstrated pa-
tients with higher AGAP2-AS1 expression had
a shorter overall survival time than those with
lower AGAP2-AS1 expression (p < 0.0001). The
multivariate analysis showed that AGAP2-AS1
expression is an independent prognostic fac-
tor of overall survival in patients with NSCLC.
The results of ROC curve analysis showed that
AGAP2-AS1 might be a promising diagnostic
marker of NSCLC with an AUC of 0.846.

CONCLUSIONS: Our findings revealed that
AGAP2-AS1 might be a potential biomarker for
the diagnosis and prognosis of NSCLC. Howev-
er, to completely elucidate its role as a biomark-
er, further studies are required.
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Introduction

Non-small cell lung cancer (NSCLC) is the
most important type of lung cancer which ranks

first in terms of cancer-related mortality in both
developing and developed countries'?. Although
new methods for NSCLC diagnosis and treat-
ment have continuously emerged, survival rates
for patients with NSCLC remain gloomy because
the majority (57%) are diagnosed after cancer has
metastasized®*. Up to date, susceptive markers
that can predict the patients who have a potential
higher risk of recurrence, metastasis are very few.
Therefore, the discovery of new diagnostic and
prognostic biomarkers is of particular importance.

LncRNAs are non-protein coding RNA mole-
cules greater than 200 nucleotides in length’. Ln-
cRNAs is involved in almost every aspect of cell
biology, including remodeling, transcription, and
post-transcriptional processing®’. Recently, more
and more evidences showed that IncRNAs play an
important in the progression of the disease, includ-
ing cancer®’. Indeed, some IncRNAs have emerged
as new members in cancer research and function
as tumor suppressor genes or oncogenes'®!l, A
previous study'? revealed that the abnormal expres-
sion patterns of IncRNAs can also be employed for
the diagnosis and prognosis of human cancer. Of
note, some papers have identified some important
IncRNA as important biomarkers, such as CASC2
in lung cancer”, MVIH in breast cancer', and
HMIincRNA717 in pancreatic cancer'’®. However,
the clinical significance of AGAP2-AS1 in NS-
CLC is still unclear.

In our study, we aimed to detect the expression
of AGAP2-AS1 in 198 NSCLC patients. We an-
alyzed the correlation between the expression of
AGAP2-ASI and the clinicopathological features
of this malignancy.

Patients and Methods

Patients and Tissue Samples
NSCLC tissues and adjacent non-tumor tis-
sues from patients who had undergone curative
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resection were collected from Department of
Thoracic Surgery, Chinese PLA General Hospi-
tal. All surgical tissues were examined by a pa-
thologist. There were altogether 132 males and
68 females with a mean age of 63.6 years (rang-
ing from 21 to 86 years). All patients recruited
to this study did not receive any pre-operative
treatments. This study was conducted in accor-
dance with the Declaration of Helsinki and with
approval from the Ethics Committee of Chinese
PLA General Hospital. Written informed con-
sent was obtained from all of the patients. The
clinical feature of NSCLC patients was summa-
rized in Table I.

Quantitative Real-time RT-PCR

Total RNA was extracted from tissue sam-
ples using the miRVANA Kit (Ambion, Carls-
bad, MA, USA) according to the manufacturer
instruction. 1 pg of total RNA was reversed
transcribed using QuantiTect Reverse Tran-
scription Kit (QIAGEN, Hilden, Germany).
The expressions of AGAP2-AS1 were mea-
sured by quantitative PCR (qPCR) using SYBR
Green assays (TaKaRa, Dalian, Niaoning,
China). AGAP2-AS1 expression was mea-
sured using the following primers: forward,
5’- TACCTTGACCTTGCTGCTCTC-3' and re-
verse, S5-TGTCCCTTAATGACCCCATCC-3'.
The expression levels of the genes were nor-
malized to that of the housekeeping gene B-ac-

tin, as a control. The relative gene expression
was calculated using the 2-44¢* method.

Statistical Analysis

Statistical analyses were performed using SPSS
software (version 16.0, SPSS Inc., Chicago, IL,
USA). Chi-square test and Fisher’s exact test were
applied to assess the relationship between AGAP2-
ASI expression and clinicopathological character-
istics. Overall survival curves were generated ac-
cording to the Kaplan-Meier method. The Cox re-
gression analysis in a forward stepwise method was
used to evaluate the effect of multiple independent
prognostic factors on survival outcome. ROC curve
and the area under the ROC curve (AUC) were ap-
plied to assess the diagnosis value of GAP2-ASI. p
< 0.05 was considered statistically significant.

Results

AGAP2-AST is Upregulated in
NSCLC Tissues

To determine whether AGAP2-ASI is involved
in NSCLC tumorigenesis, We determined the ex-
pression levels of AGAP2-AS1 in NSCLC tissues
and matched normal lung tissues by RT-qPCR. As
shown in Figure 1, the results showed that the me-
dian expression level of AGAP2-AS1 was higher in
the NSCLC tissues compared with the median level
in the paired normal lung tissues (p < 0.01).

Table I. Correlation between AGAP2-AS1 expression and patient characteristics.

AGAP2-AS1 expression
Variable Number High Low p-value
Age (years) 0.640
<60 78 41 37
>60 120 59 61
Gender 0.482
Male 132 69 63
Female 68 31 35
Tumor size (cm) 0.322
<3 96 45 51
>3 102 55 47
Histologic type 0.890
Squamous 102 52 50
Adenoma 96 48 48
Tumor stage 0.001
I-1I 91 33 58
111 108 67 40
Lymph nodes metastasis 0.005
No 93 37 56
Yes 105 63 42
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Figure 1. AGAP2-ASI expression in 198 pairs of NSCLC tissue
and matched adjacent normal tissue specimens by qRT-PCR.

Correlations Between AGAPZ2-AS1
Expression and NSCLC Clinicopathologic
Characteristics

To investigate the correlation between AGAP2-
ASI expression and clinicopathological variables
of the patients, we manually divided the melano-
ma patients into two groups (high and low group)
based on the median expression level. The relation-
ships between AGAP2-ASI expression levels and
clinicopathological characteristics in patients with
NSCLC are summarized in Table I. We found that
the level of AGAP2-AS19 in NSCLC was strongly
correlated with tumor stage (p = 0.001) and lymph
nodes metastasis (p = 0.005). However, AGAP2-
ASI expression in NSCLC was not associated with
other parameters such as age, gender, tumor size,
histologic type (all p > 0.05).

The Association between AGAPZ2-AS1
Expression and Overall Survival of
Patients with NSCLC

Next, we used Kaplan-Meier analysis and log-
rank test to explore the correlation of AGAP2-ASI
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Figure 2. The survival curves comparing the overall
survival of NSCLC with high or low AGAP2-AS]1 expression
(Kaplan-Meier curves with log-rank tests).

expression with prognosis in NSCLC patients. As
shown in Figure 2, the results showed that higher
AGAP2-AS1 expression had a shorter overall
survival time than those with lower AGAP2-AS1
expression (p < 0.0001). Furthermore, the uni-
variate analysis demonstrated that tumor stage (p
= 0.001), lymph node metastasis (p = 0.004) and
AGAP2-ASI expression (p = 0.001) were signifi-
cantly associated with overall survival of NSCLC
patients (Table II). Finally, the multivariate analy-
sis further revealed that AGAP2-ASI expression
(p = 0.003) maintained independent prognostic
influence on overall survival.

Diagnostic Accuracy of AGAP2-AS1 in
NSCLC

To determine whether AGAP2-AS1 can be
identified as a biomarker to distinguish NSCLC
from normal tissue, the ROC curve analysis was
performed. As shown in Figure 3, the results
showed that AGAP2-AS1 was a useful mark-
er for discriminating NSCLC tissues from nor-
mal lung tissues, with the areas under the ROC

Table Il. Univariate and multivariate analyses for overall survival by Cox regression model.

Univariate analysis Multivariate analysis
Variables HR (95% Cl) p-value HR (95% Cl) p-value
Age 1.326 (0.873-1.882) 0.422 - -
Gender 0.925 (0.631-1.738) 0.398 - -
Tumor size 1.631 (0.799-1.933) 0.235 - -
Histologic type 1.447 (0.823-1.793) 0.319 - -
Tumor stage 2.349 (1.448-5.698) 0.001 1.983 (1.249-4.885) 0.001
Lymph nodes metastasis 2.238 (1.366-4.459) 0.004 2.033 (1.138-3.763) 0.007
AGAP2-ASI expression 2.659 (1.546-5.221) 0.001 2.139 (1.147-4.223) 0.003
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Figure 3. Area under curve (AUC) of receiver operating
characteristic (ROC) for AGAP2-ASI.

curve (AUC) of 0.845 (95% confidence interval
(CI) 0.764 to 0.927, p < 0.001), suggesting that
AGAP2-ASI has potential diagnostic value in
NSCLC. p < 0.05 was considered statistically
significant.

Discussion

Increasing evidence suggests that IncRNAs
play key roles in the regulation of cell func-
tion in the mammalian genome'®. Recently, some
studies are just beginning to explore the biology
of IncRNAs in NSCLC. For instance, Wu et
al'” showed that overexpression of IncRNA HN-
F1A-AS1 promoted lung adenocarcinoma cells
proliferation and metastasis by regulating cyclin
DI, E-cadherin, N-cadherin and [-catenin ex-
pression. Han et al®® found that PANDAR over-
expression inhibited tumor growth of NSCLC
cell in vivo. They also indicated that ectopic
PANDAR expression could induce caspase-3-de-
pendent apoptosis in NSCLC cells. These results
suggested that ectopic expression of IncRNA
may be associated with prognosis in patients with
NSCLC. Indeed, previous studies showed that
the expression levels of IncRNAs were strangely
associated with the overall survival of patients
with NSCLC, such as ZFAS1'" and AFAP1-AS1?°,
Unfortunately, the emerging functional role of
IncRNAs in NSCLC remains largely unknown.

AGAP2-AS1 which transcribed from a gene
located at 12q14.1 is 1567 nt in length. Previous
studies demonstrated that AGAP2-AS1 played
important roles in the tumor development. For
example, Qi et al*' showed that AGAP2-AS1
was highly expressed in the gastric cancer

tissues and cell lines, and high s AGAP2-AS1
expression levels predicted poor survival in
NSCLC. Besides, they found that over-expres-
sion of AGAP2-ASI promoted cell migration
and invasion in GC. Wang et al*? revealed that
knockdown of AGAP2-AS1 can inhibit the
glioma cell proliferation, migration, and in-
vasion, while increase the apoptosis cell rates
in vitro. They also showed glioma patients
with high AGAP2-AS1 expression tended to
have shorter overall survival. More important,
finding by Li et al*’ indicated the AGAP2-AS1
expression level was significantly upregulated
in NSCLC tissues. Furthermore, they found
that AGAP2-AS1 could suppress NSCLC cell
proliferation partly through the down-regula-
tion of LATS2 expression. The above results
indicated the potential effect of AGAP2-AS1
served as a useful marker for diagnosis and
prognosis in NSCLC.

In the present study, we confirmed that
AGAP2-AS1 was up-regulated in NSCLC pa-
tients by RT-PCR. Next, we analyzed the rela-
tionship of AGAP2-AS1 with various clinical
features of NSCLC patients. Our results showed
that the level of AGAP2-AS19 in NSCLC was
strongly correlated with tumor stage and lymph
nodes metastasis, indicating that AGAP2-AS19
may function as a tumor promoter in NSCLC.
Moreover, Kaplan-Meier analysis of clinical
survival showed that AGAP2-ASlexpression
was associated with poor clinical survival of
patients with NSCLC. These results were con-
sistent with a previous study®. Importantly, our
results were more evident because we collected
198 patients. Then, multivariate analysis indi-
cated that overexpression of AGAP2-AS19 was
an independent predictor of overall survival
of patients with NSCLC. Finally, we firstly
performed ROC analysis to explore whether
AGAP2-ASI1 could distinguish NSCLC tissues
from normal tissue. Our results confirmed our
hypothesis. AGAP2-AS1 has potential diagnos-
tic value in NSCLC.

Conclusions

We observed that AGAP2-AS1 was potential
biomarkers for detection and prognosis of NS-
CLC. However, the clinical value and wide appli-
cation of AGAP2-ASI in diagnosing NSCLC still
require further investigation and optimization.
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