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Abstract: The essential roles of long noncoding RNA (IncRNA) have been identified by emerging literature in the non-
small cell lung cancer (NSCLC). However, the role of IncRNA hyaluronan synthase 2 antisense 1 (HAS2-AS1) in the
NSCLC tumorigenesis is not clear. Here, we investigate the role and mechanism of HAS2-AS1 in the NSCLC tumori-
genesis. In the NSCLC tissue and cells, HAS2-AS1 was found to be up-regulated, which, in turn, indicated the poor
prognosis of NSCLC patients. Functional experiments illustrated that HAS2-AS1 promoted the proliferation, invasion
and gefitinib chemotherapy resistance of NSCLC cells. In vivo, HAS2-AS1 knockdown suppressed the tumor growth.
Mechanically, HAS2-AS1 recruited the lysine-specific demethylase 1 (LSD1) to the EphB3 promoter region to inhibit
its transcription. In conclusion, this finding elucidates the essential roles of HAS2-AS1 in the NSCLC tumorigenesis,

providing a possible treatment strategy for the NSCLC.
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Introduction

Lung cancer, especially non-small-cell lung car-
cinoma (NSCLC) that accounting for 85% of all
cases, remains the leading cause of tumor-
related death worldwide [1, 2]. The histological
classification contains adenocarcinoma (LUAD)
and squamous cell carcinoma (LUSC) [3]. Al-
though multiple therapeutic methods are pro-
posed to overcome the tenacious foe, there are
still lots of problems for the treatment, such as
chemotherapy resistance, recurrence and me-
tastasis [4]. As well known, the 5-year overall
survival of NSCLC is as low as 15%, calling for
accurate agents targeting the authentic head-
stream of NSCLC.

Emerging literature indicates the critical roles
of the long noncoding RNAs (IncRNASs) in the
lung cancer [5, 6]. The biological roles of Inc-
RNAs are involved in the proliferation, cycle
modification, drug resistance and epithelial me-
senchymal transformation. For example, Inc-
RNA FEZF1-AS1 is up-regulated in NSCLC tis-
sues and cells and FEZF1-AS1 epigenetically
repress E-cadherin via binding with LSD1 and

EZH2 [7]. LncRNA LINCO0460 is upregulated in
the gefitinib-resistant NSCLC tissue and cells
and LINCO0460 facilitates the multidrug-resis-
tant-related proteins (P-gp, BCRP, and MRP1)
and the 50% inhibitive concentration of gefitinib
[8]. Therefore, these finding could indicate that
IncRNAs regulate the NSCLC tumorigenesis by
epigenetically modifying the tumor behavior.

LncRNA HAS2-AS1 has been identified to act as
the oncogene in the human cancer [9-11]. For
example, in the epithelial ovarian cancer, HAS2-
AS1, which is activated by the transcription fac-
tor CREB1, regulates the proliferation, invasion
and tumor growth of EOC cells in vitro and in
vivo [12]. In this research, we found that IncRNA
HAS2-AS1 is up-regulated in the NSCLC tissue
and cells. HAS2-AS1 exerts an oncogenic role
via repressing the EphB3 in the NSCLC.

Materials and methods
Cancer tissue collection

We collected total thirty pairs of NSCLC and
their adjacent normal tissues from individuals
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Table 1. Correlation within HAS2-AS1 level and clinicopath-

ological feature of NSCLC patients

Transfection

Small interfering RNA (siRNA), short
p hairpin RNA (shRNA) and the overex-
pression plasmids (pCDNA3.1 vector)

HAS2-AS1
© Low No=14 High No=16

Gender

Male 17 8 9

Female 13 6 7
Age (years)

>65 16 6 10

<65 14 8 6
Primary location

left 16 7 9

right 14 7 7
Tumor size

>4 cm 16 5 11

<4cm 14 9 5
Differentiation

Well, moderate 11 8 3

Poor 19 6 13
TNM

-1 12 8 4

/v 18 6 12
Lymphonode metastasis

No 15 8 7

Yes 15 6 9

0.531 targeting the HAS2-AS1 or EphB3
were synthesized by the GENEWIZ Inc
(Guangzhou, China). The siRNA and

0.403 shRNA sequences were shown in

Table S1. Cells were seeded in the

six-well plates and then transfected

using Lipofectamine 2000 (Invitro-

0.712 .
gen) according to the manufacturer’s
instructions.

0.075 Quantitative real-time polymerase
chain reaction (QRT-PCR)

0.001* After the transfection into NSCLC

cells, the total RNAs were extracted
using Trizol reagent (Invitrogen, Car-
Isbad, USA). DNA Reverse Transc-

0.012* riptase Kit (TAKARA, Beijing, China)

was utilized for the cDNA synthesis.
The PCR was performed using the
0.568 SYBR Green PCR Master One-Mix kit
(Trans-Gen, Beijing, China) on Real-
time PCR 7300 System (Applied

*P < 0.05 represents statistical difference.

who were diagnosed to be NSCLC and then
underwent the surgical excision at The Second
Affiliated Hospital of Dalian Medical University.
Clinicopathological characteristics of these in-
dividuals were shown in the Table 1. All collect-
ed tissue samples were immediately extracted
and then snap-frozen in liquid nitrogen and
stored at -80°C. This study obtained all the
patients’ written informed consent and was
approved by the Ethics Committee of The
Second Affiliated Hospital of Dalian Medical
University.

Cells and culture

NSCLC cell lines (A549, H1299, SK-MES-1,
H460), as well as the normal bronchial epithe-
lial cells (NHBE) were obtained from American
Type Culture Collection (ATCC, USA). For the
cellular culture, cells were cultured in DMEM
(GIBCO-BRL, Thermo Fisher Scientific, Shang-
hai, China) medium supplemented with 10%
fetal bovine serum, 100 U/ml penicillin and
100 mg/ml streptomycin (Invitrogen, Carlsbad,
CA, USA) at 37°C and 5% CO,,.
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Biosystems, Foster City, USA) Rela-
tive quantification of RNA expression
was calculated using the 2-22°T meth-
od. The primers of HAS2-AS1 and EphB3 were
shown in the Table S1. Relative quantification
of RNA expression levels, including HAS2-AS1
and EphB3, were calculated using the 224CT
method.

Colony formation and CCK-8 activity analysis

For the colony formation assay, A549 and
H460 cells were cultured in the six-well plate
and medium containing 10% FBS. After 2
weeks, clones were fixed with methanol and
stained with 0.1% crystal violet. For the cellu-
lar activity analysis, the CCK-8 assay was per-
formed as previous described to measure the
50% maximal inhibitory concentration (IC50)
value of A549 and H460 cells for gefitinib [13].

Transwell assay

After 48 hours of the transfection of A549 and
H460, cells (1 x 10* per well) were digested
and resuspended in 200 pl serum-free medium
in the upper chamber coated with Matrigel (BD
Biosciences, San Jose, CA). The 600 ul 10%
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fetal bovine serum medium (Gibco) was added
to the lower chamber. After culture for 48 hours,
cells were fixed with 4% paraformaldehyde and
then stained with crystal violet for 15 mins. Cell
invasion was washed with PBS and the quanti-
fication was determined under high-power mi-
croscope (Olympus Corporation, Tokyo, Japan).

Western blot analysis

The cells were transfected and culture for 48
hours, then the total protein was extracted
using RIPA lysate and determined BCA kit
(Beyotime, Shanghai, China). Protein (100 pg)
was sent for the electrophoresis on PVDF mem-
brane at room temperature for 1 hour. The
membrane was incubated with the primary
antibodies (anti-EphB3, ab133742, 1:1000)
overnight at low temperature. Horseradish per-
oxidation incubated with the member for 1
hour. The bands were visualized using chromo-
genic solution on Immuno Star LD (Wako Pure
Chemical, Osaka, Japan).

Subcellular location analysis

PARIS Kit (Life Technologies, CA, USA) was
used to extract the RNA fractions in nuclear
and cytosolic according to the manufacturer’s
instructions. The quantification of these frac-
tions were measured by the RT-gPCR. GAPDH
or U1 RNA acted the control in cytoplasm or
nuclear fraction.

RNA binding protein immunoprecipitation (RIP)

Cell lysate were centrifugated and incubated
with RIP buffer. The A/G magnetic beads were
coated with anti-Ago2 or negative control anti-
IgG antibody. Following incubation overnight
at 4°C, the isolation of RNA was detected by
gRT-PCR.

Chromatin immunoprecipitation (ChIP)

ChlIP was performed as previously described
[14]. Cell were treated with formaldehyde and
incubated with LSD1 and H3K4me2-specific
antibody (Millipore) or IgG as control for 10 min
to generate DNA-protein cross-links overnight
at 4°C. The beads were eluted and then DNA
was purified using a spin column and quantified
using qRT-PCR.

Mice in vivo xenograft assay

Five week old female athymic BALB/c nude
mice were purchased from Shanghai SIPPR-BK
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Laboratory Animal Co. Ltd. (Shanghai, China).
A549 cells were stably transfected with sh-
HAS2-AS1 or empty vectors. Then, total of 5 x
1068 cells were subcutaneously injected into the
posterior flank of mice. Every three days, the
length and width of tumor were examined, and
the volumes was calculated using the equation:
0.5 x length x width?. After 27 days, the subcu-
taneous growth of tumor was detected. The
protocol was approved by the Committee on
the Ethics of Animal Experiments of The Second
Affiliated Hospital of Dalian Medical University.

Statistical analysis

All experimental data were analyzed by SPSS
version 19.0 and graphed by GraphPad Prism
version 7.0. The results were presented as
mean * SD (standard deviation, SD). Compari-
son within two groups was analyzed by Stu-
dent’s t-test and the one-way ANOVA for multi-
ple comparison. P < 0.05 was considered as
the significance.

Results

HAS2-AS1 indicated the poor prognosis of
NSCLC patients

The level of HAS2-AS1 was calculated by the
RT-PCR in the NSCLC tissue, revealing the sig-
nificant overexpression of HAS2-AS1 (Figure
1A; Table 1). In the advanced pathological
grading of NSCLC, the level of HAS2-AS1 was
remarkedly up-regulated compared with the
benignant pathological grading (Figure 1B).
Receiver operating characteristic (ROC) curve
revealed the high diagnostic efficiency (AUC=
0.83) of HAS2-AS1 for NSCLC patients (Figure
1C). Survival analysis was analyzed via the
Kaplan-Meier method, suggesting that the high
level of HAS2-AS1 indicated the bad outcome
and lower survival rate (Figure 1D). These find-
ing illustrated that HAS2-AS1 indicated the
poor prognosis of NSCLC patients.

HAS2-AS1 promotes the NSCLC tumorigenesis
and gefitinib resistance of NSCLC

We here investigated the tumorous roles of
HAS2-AS1 on NSCLC cells in vivo and vitro. The
expression levels of HAS2-AS1 in the NSCLC
cells were explored in the first step, presenting
the overexpression of HAS2-AS1 (Figure 2A).
The small interfering RNAs (siRNAs) target-
ing HAS2-AS1 were synthesized to silence the
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Figure 1. HAS2-AS1 indicated the poor prognosis of NSCLC patients. A. RT-
PCR revealed the level of HAS2-AS1 in the NSCLC tissue and adjacent nor-
mal tissue. B. The level of HAS2-AS1 in the advanced or benignant patho-
logical grading of NSCLC. C. Receiver operating characteristic (ROC) curve
revealed the high diagnostic efficiency (AUC=0.83) of HAS2-AS1 for NSCLC
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blot showed that HAS2-AS1
knockdown up-regulated the
EphB3 protein (Figure 3E).
RT-PCR elucidated that the
LSD1 shRNA could up-regulat-
ed the EphB3 mRNA (Figure
3F). Chromatin immunoprecip-

patients. D. Survival analysis was analyzed via the Kaplan-Meier method for itation (ChIP) showed that

NSCLC patients. Data are presented as means + SD of three independent

experiments. **P < 0.01.

HAS2-AS1 expression, and the plasmids were
transfected to up-regulate the HAS2-AS1 ex-
pression (Figure 2B). Colony formation assay
elucidated that the HAS2-AS1 silencing inhibit-
ed the clone number, while the HAS2-AS1 over-
expression enhanced the clone number (Figure
2C). Gefitinib chemotherapy resistance of NS-
CLC cells was performed CCK-8, revealing that
HAS2-AS1 silencing decreased the 50% maxi-
mal inhibitory concentration (IC50) value for
gefitinib in A549 cells, and HAS2-AS1 over-
expression enhanced the IC50 in H460 cells
(Figure 2D). Transwell invasion assay showed
that HAS2-AS1 silencing repressed the invaded
cells and HAS2-AS1 over-expression increased
the quantity (Figure 2E). Xenograft in vivo mice
assay showed that the stably HAS2-AS1 silenc-
ing by shRNA could remarkedly repress the
tumor growth (Figure 2F). These finding could
conclude that HAS2-AS1 promotes the NSC-
LC tumorigenesis and gefitinib resistance of
NSCLC.

HAS2-AS1 repressed the EphB3 via recruiting
LSD1

The subcellular location of HAS2-AS1 was ana-
lyzed, elucidating that HAS2-AS1 was mainly
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LSD1 and H3K4me2 occupi-
ed the promoter regions of
EphB3, while HAS2-AS1 kn-
ockdown decreased the occupancy of LSD1
and H3K4me2 (Figure 3F). Therefore, these
results illustrated that HAS2-AS1 repressed
the EphB3 via recruiting LSD1.

EphB3 acted the target of HAS2-AS1 in the
NSCLC tumorigenesis

Previous research found that the HAS2-AS1
could target the EphB3 via recruiting LSD1. In
the subsequent investigation, we co-transfect-
ed the EphB3 silencing plasmids (sh-EphB3)
into the A549 cells to elucidate the roles of
HAS2-AS1 and EphB3. In the NSCLC tissue
sample, we found that EphB3 level was down-
regulated compared with the controls (Figure
4A). The interaction analyzed by the Spear-
man’s rank analysis showed that the EphB3
was negatively correlated with HAS2-AS1 (Fig-
ure 4B). Western blot showed that the EphB3
silencing plasmids (sh-EphB3) decreased its
protein expression (Figure 4C). Colony forma-
tion assay illustrated that the sh-EphB3 trans-
fection recovered the clone number of A549
cells (Figure 4D). Gefitinib chemotherapy resis-
tance revealed that sh-EphB3 transfection res-
cued the 50% maximal inhibitory concentration
(IC50) value for gefitinib (Figure 4E). Transwell
invasion assay indicted that sh-EphB3 trans-

Am J Transl Res 2020;12(3):950-958



HAS2-AS1/LSD1/EphB3 promotes NSCLC

A B
Y= N
o ‘s o 51
514 [=] 1.5- H460
< c A549 g ke
% 4 *% ** o o _ 4
m -
[7/] a ¥k 0 o o g 2]
e < 3 *k o '2 1.0 * '5_<| 34
& [T * x &
S 9 2 R o 2 21
0 < o L 0.5 *% o T
> I > T 27 1
g ] 3 &
€ o g oo ® o
& N DS <O N & > ot A
Q7 & & AP WP RS A M ooV i
¢ v ¥ & & & T apst
o & % 2
C 2504 A549  H460 D 5 =
s *k = 1004 S 1004
-E 2004 2 g‘
=754 = 754
2 150 £ 2
s S
@ 1004 % = 501 = 501
g o o
° 50 g 254 -8 si-NC g 254 -8 vector
(&} 'cg -= si-HAS2-AS1 IC50 3.1 uM E -m- HAS2-AS1 IC50 6.0 uM
0- T 0 T T T T T @ 0 T T T T T T T
o 0 001 01 1 2 5 10 o 0001 01 1 2 5 10 20
NO ) pSY ool psh T
:\‘.\»s'l NCaps? Gefitinib (uM) Gefitinib (uM)
E si-NC si-HAS2-AS1 F
15
© 3007 A549  H460 @ 1800+
o E ok E 4500 " SPNC
Z 5 £ -= sh-HAS2-AS1
£ 2004 o 12004
E g
vector HAS2-AS1 *k °
.S 100 S
7] [
[=]
= s £
- c 0-
= —_ =
= 3 9 15 21 27

oV

C e \of A
a;‘%,a—‘*%\ggaﬁ

Days

Figure 2. HAS2-AS1 promotes the NSCLC tumorigenesis and chemotherapy resistance of NSCLC. A. RT-PCR showed
the expression levels of HAS2-AS1 in the NSCLC cells (SK-MES-1, A549, H1299, H460). B. The small interfering
RNAs (siRNAs) and plasmids specially targeting HAS2-AS1 were synthesized to silence or enhance the HAS2-AS1
expression. C. Colony formation assay elucidated the clone number. D. Gefitinib chemotherapy resistance and the
50% maximal inhibitory concentration (IC50) of NSCLC cells was performed CCK-8 in A549 cells and H460 cells. E.
Transwell invasion assay showed the invaded cells. F. Xenograft in vivo mice assay showed the tumor growth with
stable HAS2-AS1 silencing by shRNA. Data are presented as means + SD of three independent experiments. **P

< 0.01.

fection rescued the invasive ability induced by
the HAS2-AS1 knockdown (Figure 4F). Overall,
EphB3 acted the target of HAS2-AS1 in the
NSCLC tumorigenesis.

Discussion

The roles of ncRNAs in the lung cancer imply
the critical functions involving the tumor prolif-
eration, metastasis and chemotherapy resis-
tance [15, 16]. LncRNAs are group of tran-
scripts with the longer than 200 nucleotides
and non-protein coding potential [17, 18]. Given

954

the increasing regulation of IncRNA, more and
more published papers report the regulation
and function of IncRNA.

In present research, we found that the level of
IncRNA HAS2-AS1 was up-regulated in the
NSCLC tissue and cells. The diagnostic efficien-
cy of HAS2-AS1 was also effective and aston-
ishing, suggesting the high possibility for HAS2-
AS1 to identify the suffering of NSCLC. More-
over, the ectopic high-expression of HAS2-AS1
indicates the bad clinical outcome of NSCLC
patients. The gain and loss of functional experi-
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Figure 3. HAS2-AS1 repressed the EphB3 via recruiting LSD1. A. The subcellular location of HAS2-AS1 was analyzed
for the nucleus or cytoplasm fraction. B. RNA binding protein immunoprecipitation (RIP) presented the binding of
LSD1 and EZH2 with the HAS2-AS1. C. The several selected potential downstream targets of HAS2-AS1 were mea-
sured RT-PCR. D. The EphB3 mRNA was measured by HAS2-AS1 overexpression. E. EphB3 protein was measured
by western blot with HAS2-AS1 knockdown or not. F. RT-PCR elucidated the EphB3 mRNA with LSD1 shRNA trans-
fection. G. Chromatin immunoprecipitation (ChIP) showed the occupancy of LSD1 and H3K4me2 of the promoter
regions of EphB3. Data are presented as means * SD of three independent experiments. **P < 0.01.

ments illustrated that HAS2-AS1 promotes the
proliferation, invasion and gefitinib chemother-
apy resistance of NSCLC cells. Being combined
with the existed reports, we confirmed the
oncogenic impact of HAS2-AS1 in the NSCLC
tumorigenesis.

Gefitinib is a novel targeted drug for the treat-
ment of locally advanced or metastatic NSCLC
patients, especially for patients with exon 19
and 21 mutations in the EGFR gene [19, 20]. In
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this research, we found that HAS2-AS1 could
regulate the gefitinib resistance of NSCLC cells.
However, the underlying mechanism is still elu-
sive. Chemotherapy resistance is a major and
nonnegligible difficulty in the NSCLC treatment
[21]. One of the traits of the NSCLC is stubborn
and recuperative, causing by the survivability of
cancer cells in the long-term drug induction. For
example, TP-binding cassette (ABC) transport-
ers are a family of membrane proteins that th-
at significantly regulate the bioavailability anti-

Am J Transl Res 2020;12(3):950-958
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Figure 4. EphB3 acted the target of HAS2-AS1 in the NSCLC tumorigenesis. A. EphB3 level was down-regulated in
the NSCLC tissue sample compared with the controls. B. Spearman’s rank analysis showed the negative interaction
within EphB3 and HAS2-AS1. C. Western blot showed the EphB3 protein expression by the silencing plasmids (sh-
EphB3). D. Colony formation assay illustrated the clone number of A549 cells. E. Gefitinib chemotherapy resistance
revealed the 50% maximal inhibitory concentration (IC50) value for gefitinib of A549. F. Transwell invasion assay
indicted the invasive ability induced by the HAS2-AS1 knockdown and sh-EphB3 transfection. Data are presented
as means + SD of three independent experiments. **P < 0.01.

drugs and the multidrug resistance (MDR) for
chemotherapy [22].

There are much more evidence supporting that
the IncRNA could modulate the transcriptional
regulation and post-transcriptional regulation
in NSCLC. For example, transcription factor
Twistl binds with the promoter of INCO1296
and activate its transcriptional level, construct-
ing the INC01296/miR-598/Twist1l positive
feedback loop to promote the tumorigenesis of
NSCLC [23].

Epigenetic writer lysine-specific demethylase 1
(LSD1) is found to be aberrantly upregulated in
series of cancer types. The overexpression of
LSD1 is closely correlated to the poor survival
[24]. For instance, INncRNA AGAP2-AS1 bind
with EZH2 and LSD1 to recruit them to the pro-
moter region of KLF2 and LATS2, thereby
repressing their transcriptional activity [14].
LSD1 could directly bind with FBXW7 to desta-
bilize its demethylase activity, and LSD1 acts
as the pseudosubstrate to trigger LSD1 ubiqui-
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tylation [25]. EphB3 is found to be significantly
downregulated in NSCLC tissue and suppress-
es its metastasis via PP2A/RACK1/Akt signal-
ling complex [26].

LncRNA hyaluronan synthase 2 antisense 1
(HAS2-AS1) is found to be up-regulated in the
several human cancer, such as oral squamous
cell carcinoma, epithelial ovarian cancer and
glioma cells [9, 27]. In present research, we
found that the oncogenic HAS2-AS1 could
recruit the LSD1 to promoter of EphB3. This
HAS2-AS1/LSD1/EphB3 axis might be a poten-
tial pathogenesis for NSCLC. Taken together,
our findings indicate that HAS2-AS1 might act
as an oncogene and provide a novel insight and
a valuable therapeutic strategy.
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Table S1. Primers sequences for qRT-PCR and sequenc-
es of siRNA, shRNA

Sequences

HAS2-AS1

EphB3

si-HAS2-AS1-1
si-HAS2-AS1-2
si-HAS2-AS1-3
sh-HAS2-AS1
sh-LSD1
GAPDH

forward, 5’-CTTAACCGCGACCCCTGGCGG-3’
reverse, 5'-GACCCAGGGTTCAGGAGCAG-3’
forward, 5-TGGGTAACATCTGAGTTGGCG-3’
reverse, 5’-TGGTATGTGCGGATGGGATTC-3’
5’-GGTTCAAGCCAGTACACGT-3’
5’-AAAGCAGACCAGCCTGGTCGT-3’
5’-TTTGCACCAGGCCATACGTC-3’
5’-AGAAAGCTGTAGCCATTCAAC-3’
5’-GCCTTGTTGCTTGTCTGCATGT-3’
forward, 5-AGAAGGCTGGGGCTCATTTG-3’
reverse, 5'-AGGGGCCATCCACAGTCTTC-3’




