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Background: Non-small cell lung cancer (NSCLC) is a major subtype of lung cancer and is
correlated with high incidence and mortality rate. Functionality of lncRNA HAND2-AS1 is
only reported in endometrioid endometrial carcinoma and osteosarcoma. In our study, the
role of HAND2-AS1 in NSCLC was investigated.
Methods: We first detected the expression of HAND2-AS1 in lung tissues and serum of both
NSCLC patients and healthy controls by qRT-PCR. Correlation between HAND2-AS1 ex-
pression level and clinical data of NSCLC patients was analyzed by Chi-square test. NSCLC
cells, and cell proliferation, cell apoptosis and expression of PI3K/Akt pathway-related pro-
teins were detected by CCK-8 assay, cell apoptosis assay and Western blot, respectively.
Results: HAND2-AS1 expression was significantly down-regulated in NSCLC. HAND2-AS1
and tumor size of NSCLC patients were closely associated. Serum HAND2-AS1 can be
used to effectively distinguish osteosarcoma patients from healthy controls, and it can also
be used to predict prognosis of osteosarcoma patients. HAND2-AS1 overexpression inhib-
ited osteosarcoma cell proliferation, promoted cell apoptosis, and down-regulated phos-
phorylation of PI3K/Akt pathway-related proteins. PI3K/Akt pathway inhibitor showed no
significant effects on HAND2-AS1 expression, but reduced its effects on cell proliferation
and apoptosis.
Conclusion: We conclude that HAND2-AS1 may suppress the proliferation of NSCLC cells
by targeting PI3K/Akt pathway.

Background
Lung cancer is a common and deadly malignancy that causes unacceptable high mortality rate [1,2]. In
recent years, incidence of lung cancer shows an increasing trend, especially in developing countries such as
China, aggregated environmental pollution and tobacco consumption is predicted to further increase the
burden of lung cancer in near future [3]. As the major type of lung cancer, NSCLC accounts for more than
85% of all cases of lung cancer [4]. Onset and development of NSCLC lack typical clinical manifestations,
and most patients were diagnosed at advanced stages with the existing of tumor distant metastasis [5],
leading to poor survival. Therefore, in-time diagnosis is particularly critical.

PI3K/Akt pathway plays pivotal roles in many important aspects of human malignancies including
NSCLC [6,7]. PI3K/Akt is the major cell survival pathway in cancers and inhibition of PI3K/Akt sig-
naling provides a new way for cancer therapy [6,7]. Long (>200 nt) non-coding RNAs (lncRNAs) are
non-coding RNA transcripts that participate in diverse pathological and physiological processes mainly by
regulating related gene expression at multiple levels [8]. It has been well established that certain lncRNAs
interact with PI3K/Akt pathway to perform their roles in cancer [9,10]. HAND2-AS1 is a newly identified
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lncRNA with characterized functionality only in osteosarcoma [11] and endometrioid endometrial carcinoma [12].
In our study, we observed that HAND2-AS1 may inhibit the proliferation of NSCLC cells by targeting PI3K/Akt
pathway.

Materials and methods
Specimens
This is a retrospective study. Adjacent healthy tissues, tumor tissues, and serum samples of 94 patients with NSCLC
(gender: 59 males and 35 females; age: 28 to 70 years; mean: 46.1 +− 7.3 years) who were treated in XianYang Central
Hospital from January 2011 to January 2013 were collected. Inclusion criteria: (1) new NSCLC cases; (2) signed in-
formed consent; (3) patients with complete follow-up data after surgery. Exclusion criteria: (1) patients currently have
or have a history of other types of malignancies; (2) patients with other types of lung diseases; (3) patients treated in
our hospitals before admission; (4) patients died of other diseases or accidents during follow-up. At the same time,
serum samples of 64 healthy people (gender: 40 males and 24 females; age: 30–72 years; mean age: 46.9 +− 8.3 years)
who received routine physiological examinations in our hospital during the same time period were also obtained to
serve as control group. Healthy controls also signed informed consent. Ethics committee of aforementioned hospital
approved the present study.

NSCLC cells and transfection
Our in vitro experiments included two NSCLC cell lines (human) NCI-H23 and NCI-H522 and one normal lung
epithelial (human) cell line BEAS-2B (ATCC, U.S.A.). A mixture of 90% Eagle’s Minimum Essential Medium and 10%
FBS (Sigma-Aldrich) was used to cultivate all cells in an incubator (37◦C, 5% CO2). HAND2-AS1 expression vector
was constructed using pIRSE2-EGFP vector (Clontech, U.S.A.). This HAND2-AS1 (10 nM) cells were counted and
4 × 105 cells were transfected with 10 nM HAND2-AS1 expression vector or 10 nM empty vector (negative control,
NC) through Lipofectamine 2000 (Thermo Fisher Scientific, Inc.) mediated transfection. Cells were harvested at 24
h post-transfections to perform subsequent experiments. Three independent replicates were set for each experiment.

Cell proliferation assay
Cell suspension (4 × 104 per ml) was prepared by mixing 4 × 103 cells with 1 ml cell culture medium. Cells were
cultivated in a 96-well plate with 100 μl cell suspension per well at 37◦C with 5% CO2, and 10 μl of CCK-8 solution
(Sigma-Aldrich) was added at 4 h before the termination of cell culture. After that, 10 μL DMSO was added and ODs
were measured at 450 nm. Three independent replicates were set for each experiment.

Cell apoptosis analysis
Cells with transfections were washed with PBS (ice-cold), and staining in dark with FITC labeled Annexin-V and PI
(Sigma-Aldrich) was performed 15 min. After that, flow cytometry was used to separate apoptotic cells. The group
with the highest apoptotic cell percentage was set to ‘100%’, and all other groups were normalized to this group. Three
independent replicates were set for each experiment.

Real-time quantitative PCR
About 4 × 105 cells or 0.015 g tissue (ground in liquid nitrogen) was mixed with 1 ml Trizol reagent (Invitrogen,
U.S.A.) to extract total RNA. Trizol was also used to extract RNA from serum samples. RNA samples (200 μl) were
thawed on ice and were centrifuged for 10 min at 12,000 g 4◦C, followed by the removal of cell debris. The serum
samples were then transferred to 2 ml DNA-LoBind tubes (Eppendorf, Germany), followed by the addition of 1.2
ml Trizol for RNA isolation. Following DNase I digestion, reverse transcription was performed to obtain cDNA and
qPCR mixtures were prepared using SYBR Green Master Mix (Bio-Rad, U.S.A.). Primers used in PCR reactions were:
5′-GGGTGTTTACGTAGACCAGAACC-3′ (forward) and 5′-CTTCCAAAAGCCTTCTGCCTTAG-3′ (reverse) for
lncRNA HAND2-AS1; 5′-GACCTCTATGCCAACACAG-3′ (forward) and 5′-AGTACTTGCGCTCAGGAGG-3′

(reverse) for β-actin. Conditions of PCR were: 40 s at 95◦C, followed by 40 cycles of 95◦C for 10 s and 60◦C for
45 s. 2−��CT method was used to process data. Three technical replicates were set for each PCR reaction.

Western-blot
A total of 4 × 105 cells were mixed with 1 ml RIPA solution (Sangon) to extract protein. Following denaturing in
boiled water for 5 min, 10% SDS-PAGE gel was used to perform electrophoresis. PVDF membranes were used to
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Figure 1. Expression of lncRNA HAND2-AS1 in tumor tissues, adjacent healthy tissues of 94 patients with NSCLC

RT-qPCR was performed to determine the expression of HAND2-AS1 in paired tumor and adjacent healthy tissues from 94 NSCLC

patients. PCRs were performed in three technical replicates and mean +/- SD values were presented. Notes: *, compared with

adjacent heathy tissues, P<0.05.

perform gel transfer and blocking was performed for 2 h at room temperature in 5% non-fat milk. Blotting was
performed using rabbit p-AKT (1:1200, ab18206, Abcam), AKT (1:1200, ab126811, Abcam), PI3K (1:1200, ab182651,
Abcam), PI3K (1:1200, ab5451, Abcam), cytochrome c (1: 1200, ab90529, Abcam), and PI3K (1:1200, ab9485, Abcam)
primary antibodies (overnight at 4◦C) and goat IgG-HRP secondary antibody (1:800, MBS435036, MyBioSource).
ECL (Sangon) was used to develop signal. Gray values were processed using Image J V1.6 software. Three independent
replicates were set for each experiment.

Statistical analysis
SPSS19.0 (SPSS Inc., U.S.A.) was used. Count data (age, gender, tumor size, tumor metastasis) were analyzed by
Chi-squared test. Protein and mRNA expression data were expressed using mean values. Differences between two
groups or among multiple groups were performed using unpaired t test or one-way ANOVA combined with Tukey
test, respectively. P<0.05 was statistically significant.

Results
Expression of lncRNA HAND2-AS1 in tissues of 94 patients with NSCLC
QRT-PCR was performed to investigate the expression of HAND2-AS1 in tumor tissues, adjacent healthy tissues of 94
patients with NSCLC. As shown in Figure 1, in 85 out of 94 patients (90.4%), HAND2-AS1 expression level was lower
in tumor tissues comparing to healthy tissues (P<0.05). Therefore, down-regulation of HAND2-AS1 may participate
in NSCLC.

Comparison of serum levels of HAND2-AS1 and the clinical values
Serum levels of HAND2-AS1 in NSCLC patients and the healthy control were measured using qRT-PCR. Unpaired
t test analysis showed that serum HAND2-AS1 levels were significantly lower in NSCLC patients compared with
control group (P<0.05). ROC curve was performed to analyze the values of HAND2-AS1 in NSCLC diagnosis.
In this analysis, NSCLC patients were true positive cases and healthy controls were true negative cases. It was ob-
served that area under the curve was 0.8734 (95% confidence interval: 0.8141–0.9328; standard error: 0.03027;
Figure 2B, P<0.0001). To perform survival analysis, NSCLC patients were divided into high (n=47) and low (n=47)
HAND2-AS1 expression groups. Kaplan–Meier plotter was used to plot survival curves for both groups, followed
by comparison by log-rank t test. As shown in Figure 2C, overall survival of patients with low serum level of
HAND2-AS1 was significantly worse than patients with high serum level of HAND2-AS1 (P<0.001). Therefore,
plasma HAND2-AS1 may serve as a potential diagnostic and prognostic biomarker for NSCLC.
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Figure 2. Comparison of serum levels of HAND2-AS1 and the diagnostic and prognostic values

RT-qPCR was performed to determine the expression of HAND2-AS1 in plasma samples from 94 NSCLC patients and 64 healthy

controls. PCRs were performed in three technical replicates and average values were presented (A). Diagnostic value of serum

HAND2-AS1 for NSCLC analyzed by ROC curve analysis with NSCLC patients as true positive cases and healthy controls as true

negative cases (B). NSCLC patients were divided into high (n=47) and low (n=47) HAND2-AS1 expression groups. Kaplan–Meier

plotter was used to plot survival curves for both groups, followed by comparison by log-rank t test. (C) Notes:*, P<0.05.

Correlation between HAND2-AS1 and clinicopathological data of NSCLC
patients
Chi square analysis was used to analyze the correlations between serum levels of HAND2-AS1 and clinicopathological
data of NSCLC. Serum levels of HAND2-AS1 were not closely associated with patients’ gender and age, as well as
distant tumor metastasis (Table 1). However, significant correlation was significantly correlated with tumor size.

Effects of on HAND2-AS1 overexpression on PI3K/Akt pathway-related
proteins
Data in Table 1 suggest that HAND2-AS1 is likely involved in the growth of NSCLC. PI3K/Akt pathway plays piv-
otal roles in cancer biology [6]. In the present study, HAND2-AS1 overexpression in cells of two NSCLC cell lines
NCI-H23 and NCI-H522 and one normal lung tissue cell line BEAS-2B, and the effects of HAND2-AS1 overexpres-
sion on PI3K/Akt-related proteins were explored by Western blot. As shown in Figure 3, HAND2-AS1 overexpres-
sion did not significantly affect expression levels of PI3K and AKT, but significantly promoted the phosphorylation
of PI3K and AKT in cells of two NSCLC cell lines NCI-H23 and NCI-H522, but not in cells of normal lung tissue cell
lineBEAS-2B (data not shown). In contrast, treatment with PI3K activator SC79 (10 μM, Sigma-Aldrich) showed no
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Table 1 Correlation between serum levels of HAND2-AS1 and clinicopathological data of NSCLC patients

Items Groups Cases High-expression Low-expression χ2 P value

Gender Male 59 27 32 1.14 0.29

Female 35 20 15

Age >45 (years) 48 22 26 0.68 0.41

<45 (years) 46 25 21

Primary tumor
diameter

>7cm 28 10 18 4.37 0.11

3–7 cm 48 25 23

<3 cm 18 12 6

Distant tumor
metastasis

Yes 45 20 25 1.07 0.30

No 49 27 22

Figure 3. Effects of on HAND2-AS1 overexpression on PI3K/Akt pathway-related proteins

HAND2-AS1 overexpression was achieved in both NCI-H23 and NCI-H522 cells, followed by Western blot to determine the ex-

pression levels of p-Akt, Akt, p-PI3K and PI3K. Experiments were repeated in three biological replicates and mean +− SD values

were presented and compared. Notes: *P<0.05.

significant effects on HAND2-AS1 (data not shown). Therefore, HAND2-AS1 may suppress PI3K/Akt to participate
in NSCLC. See Supplementary File S1 for represent images of Western blot analysis.

Effects of HAND2-AS1 overexpression and Akt inhibitor on cell behaviors
CCK-8 assay and cell apoptosis assay was performed to detect the proliferation and apoptosis of two NSCLC cell
lines NCI-H23 and NCI-H522, as well as one normal lung cell line BEAS. As shown in Figure 4, HAND2-AS1 over-
expression significant inhibited proliferation (Figure 4A) and promoted apoptosis (Figure 4B) of cells of two NSCLC
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Figure 4. Effects of HAND2-AS1 overexpression and Akt inhibitor on cell proliferation and apoptosis

CCK-8 assay and cell apoptosis assay was performed to detect cell the proliferation (A) and apoptosis (B) of two NSCLC cell lines

NCI-H23 and NCI-H522, as well as one normal lung cell line BEAS. Western blot was performed to detecte the levels of cleaved

cytochrome c in each group of the cell apoptosis assay, and consistent results were observed (B). Experiments were repeated in

three biological replicates and mean +− SD values were presented and compared.

cell lines NCI-H23 and NCI-H522 but not cells of normal lung tissue cell line BEAS-2B. In addition, treatment with
PI3K activator SC79 (10 μM) led to reduced effects of HAND2-AS1 overexpression significant on cell proliferation
(Figure 4A) and apoptosis (Figure 4B). Western blot was performed to detect the levels of cytochrome c in each group
of the cell apoptosis assay, and consistent results were observed (Figure 4B). The data suggested that HAND2-AS1
may suppress the proliferation of NSCLC cells, and promote the apoptosis of NSCLC cells through the inhibition of
PI3K/Akt signaling. See Supplemental File S1 for represent images of Western blot analysis.

Discussion
The key finding of our study is that HAND2-AS1 as a tumor suppressor lncRNA in osteosarcoma [11] and endometri-
oid endometrial carcinoma [12] also regulated the behaviors NSCLC cells. The action of HAND2-AS1 in NSCLC is
very likely achieved by inactivation of PI3K/Akt pathway.

The involvement of lncRNAs in NSCLC has been extensively reported by previous studies. Different lncRNAs
may have different expression patterns and play different roles in different types of malignancies. LncRNA-UCA1
and SNHG1 were significantly up-regulated in NSCLC tissues than in paired adjacent healthy tissues, and
the up-regulation of UCA1 and SNHG1 promotes tumor progression [13,14]. In contrast, lncRNA MEG3 was
down-regulated in NSCLC, and MEG3 overexpression inhibits the growth of tumor [15]. Down-regulation of
HAND2-AS1 was observed in osteosarcoma [11] and endometrioid endometrial carcinoma [12]. In our study, most
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patients with NSCLC showed a significantly decreased expression level of HAND2-AS1 in tumor tissues than in ad-
jacent healthy tissues. Those data indicate that HAND2-AS1 may also play a role as tumor suppressor lncRNA in
NSCLC.

Early diagnosis of NSCLC before the occurrence of distant tumor metastasis is the key for patients’ survival. The
onset of human diseases is affected certain substances in blood [16]. In the present study, significantly increased serum
levels of HAND2-AS1 were observed in NSCLC patients than in healthy controls. ROC curve analysis proved that
serum HAND2-AS1 can be used to effectively distinguish NSCLC patients from healthy controls. In addition, low
serum HAND2-AS1 level was proved to be significantly correlated with shorter survival time after surgery. Therefore,
serum NSCLC may serve as a potential diagnostic and prognostic biomarker for the diagnosis of NSCLC. However,
down-regulation of HAND2-AS1 is not specific to NSCLC [11,12]. Therefore, multiple markers should be combined
in the diagnosis and prognosis to improve the accuracy.

Our study also observed that serum levels of HAND2-AS1 were significantly correlated with tumor size but not
distant tumor metastasis. A recent study has proved that HAND2-AS1 is involved in the regulation of invasion and
metastasis in endometrioid endometrial carcinoma [12], indicating that endometrioid endometrial carcinoma and
NSCLC may have different pathogenesis and an lncRNA may play different roles in different types of malignancies.
Activation of PI3K/Akt pathway promotes tumor growth in a variety type of malignancies [17,18], while inactivation
of PI3K/Akt pathway inhibit tumor growth [19]. In our study, HAND2-AS1 overexpression significantly promoted
the activation of PI3K/Akt pathway, and inhibited the proliferation and promoted the apoptosis of NSCLC cells. In
addition, Akt activator showed no significant effect on HAND2-AS1 expression but significantly reduced the effects
of HAND2-AS1 overexpression on NSCLC cell proliferation and apoptosis. Those data suggest that HAND2-AS1
may inhibit the proliferation of NSCLC cells by targeting PI3K/Akt pathway.

It is also worth to note that HAND2-AS1 overexpression shown no significant effects on proliferation and apoptosis
of normal human lung cells and the activation of PI3K/Akt pathway in those cells. Therefore, HAND2-AS1 may serve
as a safe therapeutic target for NSCLC.

In conclusion, HAND2-AS1 expression was significantly down-regulated in NSCLC, and reduced serum level of
HAND2-AS1 may assist the diagnosis and prognosis of NSCLC. HAND2-AS1 overexpression significantly promoted
the activation of PI3K/Akt pathway, and inhibited the proliferation and promoted the apoptosis of NSCLC cells. We
conclude that HAND2-AS1 may inhibit the proliferation of NSCLC cells by targeting PI3K/Akt pathway.
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