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Abstract: Neurensin-2 (NRSN2), a small neural membrane protein which localized in small vesicles in neural cells.
Recent report suggested that Neurensin-2 might play a suppressive role in tumor. While the biological functions and
molecular mechanisms in cancer progression remain unknown. We retrieved Oncomine Database and found that
NRSN2 is commonly highly expressed in non-small cell lung cancer (NSCLC). We examined the levels of NRSN2 in
18 pairs of NSCLC and adjacent tissues and found that NRSN2 was overexpressed in malignant tissues. Both loss
and gain of function experiments in NSCLC cell lines suggest that NRSN2 promotes cell growth, but no effects in cell
invasion. Further investigation show that NRSN2 could affect phosphatidylinositol 3 kinase/protein kinase B/mam-
malian target of rapamycin (PI3K/Akt/mTOR) signaling. Taken together, our findings suggest that NRSN2 promotes
non-small cell lung cancer cell growth through PI3K/Akt/mTOR pathway.
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Introduction

Non-small cell lung cancer (NSCLC) remains
the leading cause of cancer death in the world
[1]. Statistical results suggest that less than
15% of NSCLC patients surviving beyond 5
years [2]. Cytotoxic chemotherapy remains the
main treatment for every stage of NSCLC,
although newer molecularly targeted treat-
ments have shown activity in advanced stages,
but many patients do not respond to those
treatments for NSCLC [3-5]. So, newly predic-
tive and prognostic biomarkers in NSCLC
should be excavated for Effective treatment [6].

NRSN2, a newly isolated gene that encodes a
small neuronal membrane protein which was
characterized showing high sequence homolo-
gy to NRSN1, a protein exclusively localized to
small vesicles [7]. As NRSN1 may play an
important role in neuronal organelle transport
and in conduction of nerve signals [8], we pro-
posed that NRSN2 might own a similar function
in neuromodulation for the similar structure
they possessed. Katsuyuki et al. found that
NRSN2 in neurons was also mainly localized in

small vesicles. Compared to NRSN1, their local-
ization in the vesicles is not always accordance
[7]. Recently Yu et al. reported that NRSN2 is a
candidate gene that associated with develop-
ment delay [9]. As we know, NSCLC, especially
lung adenocarcinoma is closely related to the
dysregulation of neuroendocrine. We suspect
that NRSN2 might relate to NSCLC.

Interestingly, in a previous publication, Zender
et al. reported that NRSN2 might be a tumor
suppressive gene in HCC development [10].
They combined genome-wide short hairpin
RNAs (shRNAs) and a mosaic mouse model
functionally identified and validated 12 tumor
suppressor genes in which had not reported in
cancer and NRSN2 ranked top three among
those genes. We hypothesized that NRSN2
might have the same role in NSCLC.

In this study, we retrieved Oncomine Database
and found that NRSN2 was highly expressed in
NSCLC compared to normal lung tissues. Then
we focused to explore the biological functions
of NRSN2 in NSCLC and contradictorily found
that NRSN2 might play an oncogenic role in
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Figure 1. NRSN2 expression is increased in NSCLC. A. lllustrate the Oncomine Database analyzed the NRSN2 copy
number alteration. Compared to normal lung, the copy number of NRSN2 significantly gained in NSCLC (P = 0.010).
B. The mRNA level of NRSN2 is significantly elevated in NSCLC compared to paired adjacent tissues (P = 0.031). C.
The protein level of NRSN2 in NSCLC is higher than paracarcinoma tissues in four representative patients. (P: Para-
carcinoma, C: cancer). D. The expression of NRSN2 in three NSCLC cell lines, B-actin was used as a loading control.

NSCLC for it promoting NSCLC cell growth.
Taken together, NRSN2 obtains a complex role
in tumor biology for the opposite role of NRSN2
in hepatocellular carcinoma and NSCLC.

Materials and methods
Patient samples

All samples were collected in Department of
Respiratory Diseases, The Second Affiliated
Hospital of Nanchang University. Fresh sam-
ples, including tumor tissues and adjacent
were obtained from NSCLC patients during
tumor resection. All human samples were
obtained with informed consent, and protocols
were approved by the ethical review committee
of the World Health Organization Collaborating
Center for Research in Human Production.

Cell culture

The non-small cell lung cancer (NSCLC) cell
lines H460, A549 and NCI-H1299 were pur-
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chased from American type culture collection
(ATCC). A549 and cells were grown in DMEM
supplemented with 10% FBS and penicillin/
streptomycin at 37°C in a humidified incubator
under 5% CO,, condition.

Quantitative real-time PCR

Total RNA were extracted from patient tissues
and cell lines using Trizol reagent (Takara,
China) and reversely transcribed using
PrimeScript RT-PCR kit (Takara) according to
the manufacturer’s instruction. Quantitative
real-time PCR analyses were performed with
SYBR Premix Ex Taq (Takara) on ABI 7500
(Applied Biosystems Inc., USA). Primers for this
study as follows: B-actin, forward, 5-GCACA-
GAGCCTCGCCTT-3’; Reverse, 5-CCTTGCACA-
TGCCGGAG-3'. NRSN2, forward, 5-GATGGCA-
AGTGGTATGGGGTC-3’; Reverse, 5-CGAGGAC-
AGGCTGATCTTCC-3'. The relative expression of
NRSN2 was analyzed by the comparative cycle
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Figure 2. Silencing NRSN2 inhibits cell viability and proliferation. A. The level of NRSN2 in A549 was significantly de-
creased after specific sSiRNA and pooled siRNAs treated 48 hours. B. Pooled siRNAs were used to interfering NRSN2
in A549 cells. After transfection 48 hours, cells were plated into 96 well, and cell viability was significantly inhibited
following NRSN2 knockdown in indicated days. C. Representative image disclose the ability of clone formation sig-
nificantly reduced when NRSN2 knockdown. D. Statistical analysis of the clone formation assay (**, P < 0.01). Data
presented here are representative of three to four independent experiments.

threshold method (AACT method), which was
normalized to B-actin.

Western blotting

Total protein extracted from patient tissues and
cell lines using RIPA lysis buffer (Beyotime,
China) followed the protocol and 30-50 pg
those proteins were separated by reduced
SDS-PAGE, and transferred onto nitrocellulose
membrane then the membrane was blocked in
TBS buffer containing 5% BSA (Sangon, China)
for 1 hour. The membrane was incubated with
primary antibodies for NRSN2 (1:1000, protein
tech, USA), AKT (1:1000, Cell Signaling
Technology, USA), p-AKT (1:1000, Cell Signaling
Technology, USA), p-mTOR (1:12000, Cell
Signaling Technology, USA), mTOR (1:1000, Cell
Signaling Technology, USA), and p-actin
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(1:5000, Cell Signaling Technology, USA) over-
night, and then followed by horseradish peroxi-
dase (HRP)-linked secondary antibody (Cell sig-
naling, USA). ImmobilonTM Western chemilu-
minscent HRP substrate kit (Millipore, Germany)
was used for detection. The optical density
quantification was analyzed by Image J
software.

SiRNA treatment

The NRSN2 siRNA sequences were employed
in this study. The sequences for NRSN2 siRNAs
as follows: si-1: 5-CAATCTTCTGTGCAGACTA-
TC-3, si-2: 5-CTCTTCCAAGATACCAGCATT-3". To
elevate the interfering efficiency, we pooled
these 3 different siRNAs to transfect cells. The
A549 cells were transfected with 100 nM siR-
NAs or with 200 nM RNAi negative control using
Lipofectamine 2000 (Invitrogen, USA).

Int J Clin Exp Pathol 2015;8(3):2574-2581
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Figure 3. Over-expression of NRSN2 promotes cell viability and proliferation. A. The level of NRSN2 in A549 was sig-
nificantly increased after over-expression. B. A549 cells which stable over-express NRSN2 were subject to perform
CCK-8 cell viability assays and cell viability remarkably elevated after NRSN2 heightened. C. Representative image
reveal the ability of clone formation significantly increased when NRSN2 over-expressed. D. Statistical analysis of
the clone formation assay (**, P < 0.01). Data presented here are representative of three to four independent

experiments.

Over-expression of NRSN2

The open reading frame of NRSN2 was ampli-
fied by PCR wusing the forward primer:
5-CTAGCTAGCATGATGCCGAGCTGCAATC-3’ and
the reverse primer: 5-CGCGGATCCTCAGG-
AGTCCCTCTTGGG-3'. The amplified fragment
was cloned in Nhe | and BamH | sites of pCDH-
CMV-MCS-EF1-Puro  ¢cDNA  Cloning and
Expression Vector to obtain the NRSN2 over-
expression vector and its identity was con-
firmed by DNA sequencing. 40x104 A549 cells
seeded in 6-well plate were transfe(cted with 2
pg DNA using Lipofectamine 2000 Reagent
(Invitrogen, USA). After 48 h incubation, stably
transfected cells were selected by administra-
tion of 2 yg/ml puromycin for 21 days. The
puromycin -resistant colonies were isolated
and they were expanded and then maintained
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in regular growth medium containing 2 ug/ml
puromycin.

Cell viability assay

Cells were seeded into a 96-well plate at 4x103
cells per well with 100 pl complete medium and
cultured at 37°C. The cell viability was quanti-
fied by addition 10 pl of cell counting kit (CCKS8,
Dojindo, Japan). After 2 hours incubation, the
plates were monitored by Power Wave XS micro-
plate reader (BIO-TEK, USA) at an absorbance
450 nm.

Clone formation assay

Cells were trypsin digested and then seeded
into a 6-well plate at 500 cells per well with 1.5
ml complete medium cultured at 37°C incuba-
tor for three weeks. After incubation, cells were

Int J Clin Exp Pathol 2015;8(3):2574-2581
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Figure 4. NRSN2 does not affect the ability of cell invasion. A. Representative images of A549 transwell invasion as-
says after silencing NRSN2, statistical analysis show no difference between control and treated group (right panel).
B. Representative images of A549 transwell invasion assays after over-expressing NRSN2, statistical analysis show
no difference between control and treated group (right panel). Data presented here are representative of three to

four independent experiments.

fixed by 2.5% Glutaraldehyde for 15 min and
then stained by 0.1% Crystal Violet for 30 min.
washed and statistic results.

Transwell cell migration assay

To assess whether NRSN2 involved in the met-
astatic potential of A540 cells in vitro, we per-
formed transwell cell migration assay using
transwell chamber (BD Biosciences, USA). In
brief, cells were seeded onto the upper cham-
ber at a density of 4x104 cells per 200 ul per
chamber and maintained in serum-free medi-
um, and lower chambers were filled with 700 pl
complete medium. Cells were incubated for 14
h at 37°C in a 5% CO, incubator. Non-invaded
cells retaining on the upper surface were

2578

removed by scrubbing with a cotton swab. The
invaded cells were fixed and then stained with
0.1% crystal violet.

Statistical analysis

Data were presented here as the means + SD.
the student’s t-test was used for comparison
between groups. Values of P < 0.05 were con-
sidered statistically significant.

Results

Elevated NRSN2 expression in human non-
small cell lung carcinoma

We retrieved the Oncomine Database and
found that NRSN2 was more commonly elevat-

Int J Clin Exp Pathol 2015;8(3):2574-2581
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Figure 5. NRSN2 influence PI3K/Akt/mTOR pathway.
Whole cell protein extracted from A549 which treated
with control and pooled siRNAs 72 hours and stable
cell lines. Proteins were examined with indicated an-
tibodies. Data presented here are representative of
three independent experiments.

ed expressed in non-small cell lung carcinoma
(NSCLC). As shown in Figure 1A, the copy num-
ber of NRSN2 was significantly gained in NSCLC
compared to normal lung tissues. We further
detected the expression of NRSN2 in fresh
NSCLC and paired adjacent tissues. The results
shown in Figure 1B and 1C indicated that the
expression of NRSN2 does heightened in
NSCLC.

Silencing NRSNZ2 inhibits cell viability and pro-
liferation

We detected the level of NRSN2 in three NSCLC
cell lines (Figure 1D), and found that NRSN2
was relative moderately expressed in A549 cell
lines compared to H460 and NCI-H1299. We
then selected A549 to investigate the biologi-
cal functions of NRSN2 in NSCLC. Specific siR-
NAs were employed to silence NRSN2. We
found pooled siRNAs exhibit more effective to
knock-down NRSN2 compared with single
siRNA (Figure 2A). Then pooled siRNAs were
used to conduct following cellular assays. The
CCK-8 cell viability assays disclosed that
NRSN2 plays a positive role in cell viability.
Silencing NRSN2 the cell viability significantly
decreased compared to control (Figure 2B).
The results from cell clone formation assays
suggested that knockdown NRSN2 could also
inhibit the ability of cell proliferation (Figure 2C,
and 2D).
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Over-expressing NRSN2 promotes cell viability
and proliferation

To confirm the cellular functions of NRSN2
identified by NRSN2 silencing, we constructed
the stable A549 cell lines which heightened
express NRSN2. We found that cell viability and
ability to proliferate enhanced by elevated the
levels of NRSN2, as Figure 3 indicates. Taken
together, we confirmed that NRSN2 plays a role
in cell viability and proliferation.

NRSN2 does not affect cell invasion

Considering NRSN2 might involve in multi cel-
lular processes in NSCLC progression, we also
performed transwell cell invasion assays in
both NRSN2 knockdown and over-expressed
A549 cell lines. While the results, as illustrate
in Figure 4, suggested that NRSN2 does not
affect the ability of cell invasion.

NRSN2 affect cell viability and proliferation
through PISK/AKT/mTOR pathway

As PIBK/Akt/mTOR pathway plays a key role in
NSCLC cell growth [11], we examined the effect
of NRSN2 silencing and over-expressing on the
expression of phosphorylated Akt and phos-
phorylated mammalian target of rapamycin
(mTOR) in A549 cells. As shown in Figure 5,
silencing NRSN2 reduced phosphorylation lev-
els of Akt and mTOR, while increased when
NRSN2 over-expression. In summary, these
clues indicate that NRSN2 in some way to influ-
ence PI3K/Akt/mTOR pathway, thereby affect-
ing cell viability and proliferation.

Discussion

This is the first report focus on the biological
functions and associated mechanisms of
NRSN2 in NSCLC. NRSN2, previously reported
as a tumor suppressive gene in a Genome-wide
shRNAs screen experiment during HCC pro-
gression [10]. To our knowledge, NRSN2 is a
poorly studied gene, either in nerve system or
cancer. And the cellular functions of NRSN2
haven’'t been reported in tumor to date. Here,
we enlarge the understanding of the biological
functions of NRSN2 in NSCLC.

Ma et al. investigate the clinical significance of
NRSN2 in HCC tissues and found that patients
with higher NRSN2 expression more commonly

Int J Clin Exp Pathol 2015;8(3):2574-2581
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indicate a relatively better prognosis while
lower with unfavorable [12]. In this study, we
retrieved Oncomine Database and examined
the expression of NRSN2 in fresh NSCLC tis-
sues and found that NRSN2 is highly expressed
in cancer compared to normal tissues. The con-
tradictory finding between HCC and NSCLC
reminds us to investigate what roles NRSN2
plays in NSCLC.

In this study, we examined the level of NRSN2
in NSCLC tissues and the results confirmed to
the database, NRSN2 highly expressed in
malignant tissues. In the following studies, we
silenced and over-expressed NRSN2 in NSCLC
cell line A549 which relative moderately
expressed Neurensin-2, and then employed
these cells to conduct the cellular function
assays in vitro. The findings in A549 suggest
that NRSN2 promotes cancer cell growth but
has no effect in cell invasion. Those results
indicated that NRSN2 might play a role in the
initiation stage of NSCLC development.

Here, we report NRSN2 play an oncogenic role
in cancer progression, the underlying mecha-
nisms are really deserved to investigate. We
further found that PI3K/Akt/mTOR pathway
which play a centre role in regulating cell prolif-
eration and growth [13, 14], and angiogenesis
[15], was activated and inactivated after
NRSN2 over-expressing or silencing, respec-
tively. These findings suggest that NRSN2 pro-
motes cell growth by activated PI3K/Akt/mTOR
pathway.

NRSN2 which encodes a small neuronal mem-
brane protein and it is localized in small vesi-
cles in neural cells [7], and its expression is
limited in brain tissues. However, the role of
NRSN2 in the nervous system is currently
unknown, not to mentioned in tumor. Factors
which involved in nerves have been found could
exert some effects on cancer [16]. For exam-
ple, MAOA, a catecholamine neurotransmitter
degrading enzyme, which reported could sup-
press HCC metastasis by inhibiting the adrener-
gic system and its trans-activation of EGFR sig-
naling [17]. The role of NRSN2 which might
regulate nerve signaling like NRSN1, in current
study, has been found could promote cancer
cell growth not invasion, suggests that in might
involve in the tumor initiation. Further study
focus on the mechanisms remains further
study in the future.

2580

However, the clinical significance of NRSN2 still
remains examined. In conclusion, NRSN2, a
novel transport vesicle protein expressed in
neural cells was exhibits oncogenic functions in
NSCLC and as it is located in the cell mem-
brane, it might be a novel target for NSCLC
treatment.
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