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Neuregulin1 acts as a suppressor in human lung adenocarcinoma
via AKT and ERK1/2 pathway
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Background: Neuregulinl (NRG1) is critical signaling protein that mediates the activation of downstream
signaling pathways associated with malignancies. Multiple gene fusions related to NRG1 have been found in
lung cancer. However, the underlying role NRG1 in lung cancer is yet unclear. Therefore, the present study
investigated the biological functions on human lung adenocarcinoma (LUAD).

Methods: The expression of NRG1 was detected in LUAD tissues by Western blot (WB), quantitative
real-time polymerase chain reaction (QRT-PCR) and immunohistochemistry (IHC). The expression of
NRG1 was upregulated by the addition of exogenous NRG1 and downregulated by small interfering RNA
(siRNA), and the biological behaviors of LUAD cells were assessed: cell proliferation by MTT assay, cell
cycle and apoptosis by flow cytometry analysis, and migration and invasion using Transwell system. Finally,
the pathway underlying the cellular function was analyzed by WB.

Results: A lower expression of NRG1 was observed in LUAD cancer tissues (P<0.05). Moreover, the
addition of exogenous NRG1 reduced the cell proliferation, migration, and invasion (P<0.001), while the
downregulation of endogenous NRG1 promoted the three kinds of biological behaviors of LUAD cell lines
(P<0.001); however, these manifestations did no effect on the distribution of cell cycle and apoptosis status
(P>0.05). Furthermore, the deficiency of NRG1 reduced the expression of p-ERK1/2 and p-AKT at the
protein level (P<0.001).

Conclusions: The current results suggested that NRG1 might be a suppressor in the development of
LUAD, and its function was related to AKT and ERK1/2 pathway.
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Introduction cases and 610,000 deaths were reported in 2015 in China (3).

i . oy Presently, the treatment of lung cancer has a great
Lung cancer originates from bronchial epithelial cells and v g g

is the leading cause of cancer-related deaths worldwide limitation (4,5). However, recent studies have shown that

(1,2). Approximately, 1.83 million new cases of lung cancer
were diagnosed in 2012 (http://www.cancerresearchuk.org/
health-professional/cancer-statistics/statistics-by-cancer-
type/lung-cancer), and about 733,000 newly diagnosed
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phosphatidylinositol 3-kinase (PI3K) pathway and mitogen-
activated protein kinase (MAPK) pathway play critical
roles in the development of malignant tumors, including

lung cancer (6-9). Thus, novel and effective treatment
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strategy is urgently requisite, the therapy targeted to the
molecule related to the two pathways might be the potential
approach.

Neuregulinl (NRG1) is localized on the chromosome
arm 8p, which is one of the most frequently altered regions
in a large proportion of human cancers, including lung
carcinoma (10-12). NRG1 gene encodes the NRG1 protein
that belongs to the epidermal growth factor (EGF) family.
It is expressed in various tissues and participates in their
development and maturation (12). In addition, when
coupled with the receptor tyrosine kinase (ERBBs) family,
and activates the members it can serve as a signaling protein
that is involved in several cell-cell signal transduction
pathways including PI3K and MAPK pathways (13-15).

A number of studies have confirmed that NRGI is
abnormally expressed in a variety of tumors and associated
with several aspects of tumor progression such as cell
proliferation, differentiation, invasion, and metastasis
(16-20). Also, it mediates the angiogenesis and alters the
tumor cell morphology and tumor microenvironment
21-23).

Another study showed that NRG1 was overexpressed in
lung cancer (16). Liu and Kern (18) confirmed that NRG1
promoted the proliferation of human lung adenocarcinoma
(LUAD) cell line (NCI-H441) and human lung squamous
cell carcinoma (LUSC) cell line (NCI-H520). Furthermore,
blocking the signaling associated with NRGI restrained
the growth of primary non-small cell lung carcinomas
(NSCLC) and enhanced the response to chemotherapy (24).
Several investigators detected many kinds of gene fusions
related to NRGI including CD47-NRG1, SDC4-NRG1,
RBPMS-NRG1, SLC3A2-NRG1, and WRN-NRGI in
lung cancer, which might be attributed to chromosomal
rearrangements, interchromosomal translocations, or
paracentric inversion in the arm of the corresponding
region in the tumor cells (25-27). After the occurrence of
gene fusion, the integrity of EGF structure in NRG1 was
still retained that continued to persevere the biological
effect (25,27).

However, only a few studies have addressed the clear
relationship between lung cancer and NRG1, and only
the present study has depicted the link between the two.
Therefore, we hypothesized that NRG1 is expressed
abnormally in LUAD tissues, thereby, affecting the
biological behavior of the cell lines. The current research
investigated the expression of NRGI1 in LUAD tissues and
analyzed the relationship between NRG1 expression and
the clinical characteristics. Consecutively, the effects of
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NRGTI on the biological behaviors of human LUAD cell
lines (A549 and H1975) and the potential mechanism of the

functions were detected via systematic analysis on the role

of NRG1 in human LUAD.

Methods
Patients and samples

The tissues of LUAD cancer and paracancer tissues
were obtained from clinical specimens resected in the
institution (Department of Cardiothoracic Surgery,
Zhongnan Hospital) between September 2016 and April
2017 and confirmed by two independent pathologists.
The patients, who provided specimens, neither presented
any cardiovascular and nervous system diseases nor any
primary tumor of other systems other than lung. Patients
receiving neoadjuvant radiotherapy or chemotherapy
preoperatively were excluded. The information on the
clinical characteristics including age, gender, smoking,
drinking history, tumor size, tumor differentiation, lymph
node metastasis, and distant metastasis of relevant patients
was collected. Specimens and clinical information were
obtained with patients’ consent at the time of notification
of surgical risks before operation. The study was approved
by the Ethics Committee at Zhongnan Hospital of Wuhan
University (No. 2015009), the samples collection, as well as
treatment, was carried out in accordance with the Helsinki
declaration guidelines.

Protein analyses

Isolation of total protein from LUAD tissues and
LUAD cells

The fresh tissues were grounded with radio
immunoprecipitation assay (RIPA) lysis buffer and protease
inhibitors, or the LUAD cells (A549 and H1975) were
sonicated and lysed in RIPA buffer containing protease
inhibitor and phosphatase inhibitor. The homogeneous
mixture was centrifuged at 12,000 xg for 15 min to clarify
the cell debris and nuclei. The total protein was collected
from the supernatant and concentration estimated, followed
by denaturation for 10 min in Laemmli buffer.

Western blot (WB) analysis

The respective total protein sample was resolved on 10%
dodecyl sulfate, sodium salt (SDS)-polyacrylamide gel
electrophoresis (PAGE) and transferred to a polyvinylidene

J Thorac Dis 2018;10(6):3166-3179



3168

fluoride (PVDF) membrane. After blocking in 5% nonfat
dry milk in Tris buffered saline Tween (ITBST) for 2 h, the
membranes were probed appropriate primary antibodies at
4 °C overnight, followed by incubation with the
corresponding secondary antibodies for 2 h at room
temperature. Subsequently, the blots were developed by
detection reagents, and immunoreactive bands quantified
using Quantity One software. The primary antibodies
included rabbit anti-human NRGI1 polyclonal antibody
(Abnove, Taiwan, Cat. #PAB4805, 1:1,000), rabbit anti-
human AKT monoclonal antibody (Cell Signaling
Technology, USA, Cat. #2938, 1:1,000), rabbit anti-human
p-AKT polyclonal antibody (Abcam, USA, Cat. #ab23509,
1:1,000), rabbit anti-human ERK1/2 monoclonal antibody
(CST, USA, Cat. #4695, 1:1,000), rabbit anti-human
p-ERK1/2 monoclonal antibody (CST, USA, Cat. #4370,
1:2,000), and mouse anti-human B-Actin monoclonal
antibody (Boster Biological Technology, Wuhan, Cat.
#BM0627, 1:200).

mRNA analyses

Isolation of total RNA from LUAD tissues and LUAD
cells

Total of 50 pg fresh tissues were homogenized with TRIzol
(1 mL), or the LUAD cells (A549 and H1975) were
sonicated and lysed in TRIzol. Then the total RNA was
extracted with chloroform, isopropanol, and precooled
ethanol, and estimated on a NanoDrop ND-1000 UV-Vis
spectrophotometer (Thermo Scientific, USA).

Quantitative real-time polymerase chain reaction (qRT-
PCR)

mRNA was reverse-transcribed to cDNA by the cDNA
reverse transcriptase kit (Takara, Japan, Cat. #RR047A)
according to the manufacturer’s instructions. The
amplification of cDNA was carried out using the primers for
B-Actin (forward: 5'-AGAGCTACGAGCTGCCTGAC-3',
reverse: 5'-AGCACTGTGTTGGCGTACAG-3") and
NRGI (forward: 5'-AGTCCTTCGGTGTGAAACCAG-3',
reverse: 5'-"TGCGAAGTTCTGACTTCCCTG-3") on
a Bio-Rad iCycler (USA, Cat. #CFX96). The reaction
consisted of an activation step of 95 °C for 5 min, 40
cycles of 30 s at 95 °C, 30 s at 57 °C, and 45 s at 72 °C
for denaturation, annealing, and extension, respectively,
followed by final extension at 72 °C for 10 min. Each sample
was amplified in triplicate, and the average Ct value of
interest and internal reference gene for each sample was

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Wang et al. The role of NRG1 in human LUAD

obtained for further analysis.

Immunobistochemistry (IHC)

The LUAD cancer tissue specimens were embedded in
paraffin and sliced into thin sections (5 mm) after fixing in
4% formaldehyde for 24-36 h. Xylene, alcohol gradient,
and distilled water were used deparaffinization of the
sections, followed by the treatment with 3% H,O, to block
the endogenous peroxidase activity. Antigen retrieval was
carried out by immersing the slides in sodium citrate. Non-
specific Ig binding was blocked using 10% goat serum in
phosphate-buffered saline (PBS) at a pH 7.4. The sections
were incubated independently in rabbit anti-human NRGl1
polyclonal antibody (Abnove, Cat. #PAB4805) at 4 °C for
12 h (1:50), followed by secondary antibody in the
thermostat for 0.5 h. Subsequently, the sections were
incubated with SABC (1:100) and DAB for color
development, and the protein was counterstained with
hematoxylin for 30 s, dehydrated with distilled water, and
anhydrous alcohol. The slides were mounted using neutral
gum. The protein was observed under a microscope,
and the staining scored for expression intensity by two
investigators. The final score equaled to the product of the
score of the positive stain cell percentage and that of the
intensity. The percentage of positive cell scored as follows:
<1% scored 0 points, 1-25% scored 1 point, 26-50% scored
2 points, 51-75% scored 3 points, and >75% scored 4
points. The staining intensity (most cells showed prevalent
positive staining) was scored as follows: no coloring scored 0,
light tan scored 1 point, brown scored 2 points, dark brown
scored 3 points. The total points 0-2 was considered to be
negative (=), 3—4 was evaluated as weak positive (+), 5-7 was
divided into moderate positive (++) and the scores >8 was
strongly positive (+++).

Cell culture experiments on cell biological bebavior

Cell culture and subculture

The human LUAD cell lines, A549 and H1975, were
purchased from American Type Culture Collection
(ATCC), and cultured in DMEM medium (Gibco,
China) supplemented with 10% fetal bovine serum (FBS)
(Evergreen, China), 1% penicillin-streptomycin sulfate
in a humidified atmosphere consisting of 95% air and 5%
CO, at 37 °C. Subsequently, we sub-cultured when the cell
density almost reached to 90%. The aseptic processing was
essential during the whole cell experiments.
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Knockdown of NRG1 in the LUAD cells
NRGI1-target-specific siRNA (siRNA-NRG1)
was synthesized by GenePharma (Suzhou, China).
The sense sequence of siRNA-NRG1 was forward:
5'"-GGUCUGAACGAAACAAUAUTT-3", reverse:
5" AUAUUGUUUCGUUCAGACCTT-3". According to
the manufacturer’s protocol, siRNA-NRG1 and siRINA-
control was transfected into LUAD cells (A549 and H1975),
respectively, using lipofectamine 2000 (Invitrogen, USA).
After transfection for 48 h, QRT-PCR, gel electrophoresis,
and immunofluorescence were used to evaluate the
alterations of NRG1 at the transcriptional level.

Concentration and duration of the activity of
recombinant NRG1 (Re-NRG1)

The A549 cells, in logarithmic growth phase, were seeded
in 96-well plants at a density of 2.5x10"/well and cultured
overnight in the presence of various, concentrations of Re-
NRG1 (Abcam, USA, Cat. #Ab50227) at 0, 100, 200, 300,
400, 600, 800, and 1,200 ng/mL, respectively in five wells.
Then, the plates were cultured for 12, 24, 48, and 72 h,
respectively, followed by methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assay employed for the analysis
of cell proliferation.

MTT assay on cell proliferation

After the cells were treated appropriately in 96-well plates,
20 pL MT'T solution was added per well and incubated for
4 h for color development. Subsequently, the reaction was
quenched with 100 pL. dimethyl sulphoxide (DMSO), the
liquid was removed after 15 min, and the absorbance was
measured at OD568 using a microplate reader.

Flow cytometry assay on cell cycle and apoptosis

The flow cytometry experiments assessed the cell cycle and
apoptosis of A549 and H1975. The cells, in the logarithmic
growth phase, were seeded in 6-well plates at a density of
5x10*/well. After appropriate treatments, the cells were
harvested by trypsin without ethylene diamine tetraacetic
acid (EDTA) for subsequent experiments of cell cycle
and apoptosis. The cell cycle assay was performed using
propidium iodide (PI) staining. Briefly, the trypsinized
cells were collected and centrifuged at 1,200 xg for
5 min and fixed with 70% ethanol at 4 °C for 4 h. Then
the samples were incubated with RNase A (50 pg/mL
DNase free) for 10 min at 37 °C, followed by 400 puL PI
(50 pg/mL) at 4 °C for 15 min in the dark. Finally, the cell
cycle test was assessed by flow cytometry. Cell apoptosis was
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assessed using the Annexin-V-FITC Apoptosis Detection
Kit (Nanjing KeyGen Biotech, Inc, Cat. #KGA108)
according to manufacturer’s instructions. Briefly, the
digested cells were collected, centrifuged at 1,200 xg for
5 min, and re-suspended in 500 pL. PBS, 5 pL. AnnexinV-
FITC and PI were added into suspension, mixed well, and
reacted for 10 min in the dark. Finally, the apoptosis was
detected by flow cytometry. Normal cells showed FITC
Annexin V (=) with PI (-) staining, early apoptotic was
FITC Annexin V (+) with PI (-) staining, and late apoptotic
was FI'TC Annexin V (+) with PI (+) or already dead cells
stained with FITC Annexin V (=) and PI (+).

Transwell small chamber assay

The Transwell small chamber assay evaluated the cell
invasion and migration of A549 and H1975 cells. The cell
suspension containing 10’ cells in the logarithmic growth
phase was centrifuged at 1,500 xg for 5 min. After mixing
the cells with serum-free media 200 pL. was added to the
each Matrigel-containing 8 pm Transwell chamber. Then,
the Transwell chambers were placed in 24-well plates
with 10% complete medium. After respective treatments,
the upper chambers were washed with PBS, the cells and
Matrigel wiped off from the bottom chamber, and stained
with crystal violet for 10 min. Subsequently, the images of
side of the chamber without cultured cells were captured
and the number of cells calculated. The cell migration assay
was performed similarly, albeit without Matrigel.

Statistical analysis

The data were expressed as mean = standard deviation (SD)
from three independent experiments. Statistical analysis
was performed using SPSS for Windows (version 17.0).
The paired samples 7-test and Fisher’s exact chi-square test
evaluated the significance of statistical differences in the
data between cell and tissue experiments. The significance
of statistical differences of the data from cell experiments
was evaluated by one-way analysis of variance (ANOVA)
and Pearson’s chi-square test. A value of P<0.05 was
considered statistically significant.

Results

NRG1 expression was downregulated in the cancer tissues
of LUAD as compared to the paracancerous tissues

Forty-four pairs of LUAD cancer tissues and paracancerous
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C The NRG1 expression in mRNA level
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Figure 1 NRGI expression at the protein and RNA level in LUAD cancer and paracancerous tissues. (A) NRG1 protein bands obtained by
WB from LUAD cancer and paracancer tissues; (B) the summary graph of NRG1 expression at the protein level; (C) the summary graph of
NRGT1 expression at the mRNA level. NRG1 was expressed in both LUAD tissues and the paired paracancerous tissues, and the expression
was lower in the cancer tissues than that in the paracancerous tissues at the protein level (P=0.039) and mRNA level (P=0.024). NRGI,

neuregulinl; LUAD, lung adenocarcinoma; WB, Western blot.

tissues were used for the detection of NRGI protein
expression by WB. As shown in Figure 14,B, NRG1 was
expressed in both LUAD cancer and paired paracancerous
tissues. Furthermore, compared to the expression in
the two groups, the NRGI expression in cancer tissues
was lower than that in the paracancerous cancer tissues
(P=0.039). Twenty-five pairs of LUAD cancer and
paracancerous tissues were assessed for the mRNA
expression of NRGI. The results (Figure 1C) demonstrated
that both the LUAD cancer and paracancerous tissues
expressed the mRNA of NRGI. Subsequently, 27 was
utilized for statistical analysis of the data, which showed
that the LUAD cancer tissues expressed lower mRNA than
the paracancerous tissues (P=0.024).

Expression of NRG1 in LUAD cancer tissues was related to
clinical characteristics

IHC was performed on tissue sections in 40 cases of
LUAD tissues. The clinical data including the age,
gender, history of smoking and alcohol intake, tumor
size, differentiation degree, lymph node metastasis status,
and distant metastasis were collected. The differential
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of protein expression was demonstrated by the different
staining intensities and the different number of stained
cells (Figure 2). The protein was primarily expressed
in the nucleus; however, some cells also expressed it
on the cell membranes and cytoplasm. The scoring of
the above rating criteria and statistical analysis were
illustrated in Table 1. Consequently, NRG1 expression
was not associated with the patients’ age (P=0.328),
gender (P=0.573), history of alcohol intake (P=0.415),
and lymph node metastasis (P=0.452); however, it was
related to the history of smoking (P<0.001), tumor size
(P=0.028), degree of differentiation (P=0.027), and
TNM stage (P=0.009).

Transfection efficiencies of siRNA

After the cells were transfected and cultured for
48 h, followed by detection with immunofluorescence
(Figure 3A4). Total RNA was extracted from these cells to
detect the efficiency of transfusion by gel electrophoresis
and qRT-PCR (Figure 3B,C,D). The transfection efficiency
was found to be 70.3% and 73.7% in A549 and H1975

cells, respectively.

J Thorac Dis 2018;10(6):3166-3179
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Figure 2 IHC staining for NRG1 in LUAD cancer tissues (200x). (A) Negative (-); (B) weak positive (+); (C) moderate positive (++); (D)

strongly positive (+++); (E) negative control. The protein expressed in the nucleus, and in some cells, it was also found to express on the cell

membranes and in the cytoplasm. IHC, immunohistochemistry; NRG1, neuregulinl; LUAD, lung adenocarcinoma.

Concentration and time for exogenous NRG1 activity.

The effects of seven different Re-NRG1 concentrations on
the proliferation of A549 cell line at four time points were
assessed by M'T'T assay (Figure 44). The different doses of
Re-NRG1 were not found to significantly affect the cell
proliferation after it acted for 12, 24, and 48 h, respectively.
However, after 72 h, the drug exerted an inhibitory effect on
cell proliferation at the same dose. Also, the concentration
at 300 ng/mL affected the cell proliferation maximally
(P=0.001), and the maximum inhibitory rate was up to
26.9%. Beyond 300 ng/mL, the effect weakened gradually
with increasing dosage. Furthermore, no difference was
noted when the concentration reached 1,200 ng/mL
(P=0.358). Therefore, in the subsequent experiments, the
concentration for the activity of exogenous Re-NRG1 was
set at 0, 300, and 1,200 ng/mL for 72 h.

NRG1 inhibited the proliferation of LUAD cells

The activity of exogenous Re-NRG1 on H1975 cells at
the concentration of 0, 300, 1,200 ng/mL for 72 h was
detected based on cell proliferation using MTT assay
(Figure 4B). The result showed that Re-NRG1 exerted
made an inhibitory effect on cell proliferation (P<0.001),
but not in a concentration-dependent manner (P=0.331).
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After cells were transfected and cultured for 48 h,
MTT assay was used for the detection of cell proliferation
(Figure 4C,D). The results showed a facilitation effect on
cell proliferation when NRGI gene was knocked down to
suppress the expression (P<0.001 in A549 and H1975 cells,
respectively).

NRG1 did not affect cell cycle distribution

The effects of different doses of exogenous Re-NRG1 on
the cell cycle distribution of A549 and H1975 cells were
displayed in the Figure 5A,B. After cells were transfected and
cultured for 48 h, the results of cell cycle distribution were
illustrated in Figure 5C,D, which showed that NRG1 did not
exhibit any difference on the cell cycle distribution under
experimental conditions (P=0.753, 0.599, 0.532, 0.500).

NRG1 did not effectuate a difference on the apoptosis
status of LUAD cells

After up-regulation of NRG1 by addition of different
doses into the LUAD cells (A549 and H1975), we adopted
flow cytometry assay to detect the apoptosis status of both
cells (Figure 64,B); the results did not reveal any NRG1-
mediated difference on the apoptosis status (P=0.753, 0.858).
When the expression of NRGI gene was downregulated

J Thorac Dis 2018;10(6):3166-3179
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Table 1 Relationship between NRG1 expression and clinical information

Wang et al. The role of NRG1 in human LUAD

NRG1
Term n P
+ ++ +++

Age (years) 0.328
<60 19 12 3 1
>60 21 9 5 5

Gender 0.573
Male 20 10 3 3
Female 20 11 5 3

Smoke <0.001
Never 18 5 5 6
Smoking 22 16 3 0

Alcohol intake 0.415
Never 32 16 7 6
Drinking 8 5 1 0

Tumor size (cm) 0.028
<3 7 3 3 2
>3 and <5 24 12 5 4
>5 9 6 0 0

Differentiation 0.027
Poor 8 5 1 0
Moderate 27 16 5 3
Well 5 0 2 3

Lymph node metastasis 0.452
No 36 17 8 6
Yes 4 4 0 0

TNM stage 0.009
I 27 11 8 6
I 13 10 0 0

NRG1, neuregulini.

by knockdown in the cells (Figure 6C,D), the apoptosis
status was not found to be inhibited or promoted in A549
(P=0.831) and H1975 (P=0.332) cells.

NRG1 inhibited cell invasion and migration ability

The role of different doses of exogenous Re-NRG1 on

© Journal of Thoracic Disease. All rights reserved.

the migration and invasion of A549 and H1975 cells were
shown in Figures 7,8. These displayed an inhibitory effect
of NRGI on the cell migration (P<0.001) and cell invasion
(P<0.001). In addition, a strong inhibition occurred at high
concentration. Moreover, when the expression of NRG1
was suppressed, the ability of cell invasion (P<0.001) and
migration (P<0.001) was facilitated (Figures 7,8).
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Figure 5 Effects of NRG1 on the cell cycle of A549 and H1975 cells. (A) The effect of upregulated NRG1 expression on the cell cycle of
A549 cells; (B) the effect of exposure to Re-NRG1 on the cell cycle of H1975 cells; (C) the effect of downregulated NRG1 expression on
the cell cycle of A549 cells; (D) the effect of downregulated NRGI expression on the cell cycle of H1975 cells. These results showed that
the upregulated NRG1 expression did not affect the cell cycle of these two cell lines (P=0.753, 0.599). Moreover, the downregulated NRG1
expression by gene knockdown did not alter the cell cycle of A549 and H1975 cells (P=0.532, 0.500). NRG1, neuregulinl; siRNA, small

interfering RNA; NC, non-specific control.

NRGI1 played a role through AKT and ERK signaling
patbways

The protein expression of AKT signaling pathway
(t-AKT and p-AKT) and ERK signaling pathway (t-ERK
and p-ERK) was detected. The results in Figure 94,B
demonstrated that when the level of NRG1 was upregulated,
the expression of p-AKT and p-ERK increased (P<0.001,
respectively). On the contrary, when the expression of
NRG1 was downregulated by gene knockdown, the
expression of p-AKT (P<0.001) and p-ERK (P<0.001) was
promoted (Figure 9C,D). Consecutively, these results showed
that the expression of t-AKT and t-ERK was not affected in
either of the two experimental conditions.

Discussion

Lung cancer is a malignant tumor originating from
bronchial epithelial cells, and a major concern with respect
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to high morbidity and mortality worldwide (1,2), which
necessitates intensive focus for improvement in humans.
As shown in the tumor molecular genetics and molecular
biology, the tumorigenesis is caused by the activated
oncogene or tumor suppressor gene (T'SG) inactivated,
especially the inactivation of TSG (28,29), in order to
improve the survival rates and living standard of the lung
cancer patients, investigating the pathogenesis of the
malignant disease and identifying a new closely related
target molecule might be an effective approach. A majority
of the molecules associated with malignancies effectuate
by activating or suppressing the signaling pathways such as
MAPK and PI3K (6-9). Thus, the molecules associated with
these pathways, such as NRG1, might play a critical role in
lung cancer.

The NRGI gene consists of 1.4 Mbp and is localized
to the chromosome arm 8p, which is one of the most
frequently altered regions in a variety of human cancers
(10-12). NRG1 encodes the NRGI protein that belongs

J Thorac Dis 2018;10(6):3166-3179
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Figure 6 Effects of NRGI on the cell apoptosis status of A549 and H1975 cells. (A) The effect of upregulated NRG1 expression on the
cell apoptosis of A549 cells; (B) the effect of exposure in Re-NRGI on the cell apoptosis of H1975 cells; (C) the effect of downregulated

NRGT1 expression on the cell apoptosis of A549 cells; (D) the effect of downregulated NRG1 expression on the cell apoptosis in H1975 cells.

The upregulated NRG1 expression did not affect the cell apoptosis of these two cell lines (P=0.753, 0.858). Moreover, the downregulated
NRGTI expression by knockdown of the gene could not alter the cell apoptosis status of A549 and H1975 cells (P=0.831, 0.332). NRG1,

neuregulinl; siRNA, small interfering RNA; NC, non-specific control.

to the EGF family (12); the protein plays a major role in
the human nervous system and the cardiovascular system
(30,31). The protein structure contains a distinct region
known as the EGF-like domain that is located in the
membrane-proximal region of the extracellular area and
is vital in activating the receptor ERBB members for the
biological roles as a signaling protein involved in several
cell-cell signaling transduction pathways (12,32). Various
studies indicated that NRG1 overexpressed in several
human tumor tissues and promoted the processing of tumor
proliferation, differentiation, migration, angiogenesis, and
the change in the microenvironment (16-23) by combining
with the members of ERBB family to activate the multiple
downstream signaling pathways such as MAPK and PI3K
(14,15). These studies proved that NRG1 acts as a promotor
oncogene in cancer development. Conversely, Chua
et al. (33) observed that NRGI expression was reduced in
various breast cancer cell lines due to gene methylation.
Additional studies confirmed the loss of NRGI gene, which

resulted from the chromosomal abnormality that was
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related to the occurrence of several tumors: breast cancer
and colon cancer (10,11). Thus, the NRGI is a candidate
for both oncogene and suppressor gene (34,35) depending
on the type of cancers, and hence, the role of NRG1 in
malignant tumors is yet controversial.

Some studies found that NRG1 was overexpressed in
lung cancer (16) and blocking the signalling associated with
NRGTI could restrain the growth of primary NSCLC and
enhanced the response to chemotherapy (24). Fernandez-
Cuesta et al. (25,27) found CD74-NRG1 gene fusion in 22
invasive mucinous adenocarcinomas, while the SLC342-
NRG]I gene fusion was found by Nakaoku et a/. (26) in this
tissue. Dhanasekaran e 4/. (4) observed four kinds of gene
fusions related to NRGI including CD74-NRG1, SDC4-
NRG1, RBPMS-NRG1, and WRN-NRGI in 733 lung cancer
cases by RNA sequencing. Further studies have shown that
the occurrence of these gene fusions may be due to the
chromosomal rearrangements, chromosomal translocation,
or chromosomal inversion in the arm of the corresponding
region in the tumor cells (25,26). Subsequently, the ability
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Figure 7 Effects of NRG1 on the cell migration ability of A549 and H1975 cells. (A) The role of different doses of exogenous Re-NRG1
on the migration of A549 cells; (B) the role of different doses of exogenous Re-NRG1 on the migration of H1975 cells; (C) the effect

of downregulated NRG1 expression on the cell migration of A549 cells; (D) the effect of downregulated NRG1 expression on the cell
migration of H1975 cells. These effects displayed an inhibitory effect of NRGI on the cell migration (P<0.001). In addition, a robust

inhibition occurred at high Re-NRG1 concentration. NRG1, neuregulinl; NC, non-specific control.

to express the EGF structure was still retained completely
(25,27), and hence, the main function of NRG1 might
also lead to the inactivation of some tumor suppressor. In
summary, NRG1 may play a critical role in lung cancer, and
further investigation may provide a novel theoretical basis
for lung cancer treatment.

In the current study, we found that NRG1 expressed
in both the LUAD cancer and paracancerous tissues, and
the expression was lower in cancer than the paracancerous
tissues. Also, we concluded that the lower NRG1 expression
in the cancerous tissues was negatively related to poor
differentiation, small diameter, and early TNM stage, which
differed from the study that pointed out that the expression
of NRG1 in LUAD was only gender-related and independent
of other clinical features (36). However, the study did not
address the differential expression of NRG1 in cancer and
paracancerous tissues, and herein, we did not detect the
relationship between NRG1 expression and the survival
time. Therefore, NRG1 might be associated with LUAD.
Furthermore, we also upregulated and downregulated the
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expression of NRG1, and proved that NRGI inhibited the
proliferation of A549 and H1975 simultaneously; however,
the maximum inhibition rate was only 26.9% and 22.72%,
respectively, which indicated that the Re-NRGI1 inhibited
only the growth and did not induce cell death. Liu and
Kern (18) showed that NRG1 promoted the proliferation
of LUAD cell line, NCI-H441, while the current result was
contradictory. Nevertheless, the two studies used different
cell lines that might ascribe to different conclusions. In our
current studies, the invasion and migration ability were also
reduced under the influence of upregulated NRG1 and
stimulated when NRG1 was downregulated. Thus, NRG1
may exert a protective role in the metastasis of lung cancer.
Further analysis of the experimental results regarding the
change in the biological behaviour under the influence
of NRG1 can be identical with the studies about gene
expression in the tissues. We did not observe any effect on
the cell cycle and apoptosis, which might be attributed to
insufficient dose or short duration of the reaction.

AKT is a serine/threonine protein kinase in the

J Thorac Dis 2018;10(6):3166-3179
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Figure 8 Effect of NRGI on the cell invasion ability of A549 and H1975 cells. (A) The role of different doses of exogenous Re-NRG1 on
the cell invasion of A549 cells; (B) the role of different doses of exogenous Re-NRG1 on the cell invasion of H1975 cells; (C) the effect of
downregulated NRGI expression on the cell invasion of A549 cells; (D) the effect of downregulated NRG1 expression on the cell invasion
of H1975 cells. These effects displayed an inhibitory effect of NRGI on the cell invasion (P<0.001). In addition, a strong inhibition occurred
at high Re-NRGI concentration. NRG1, neuregulinl; NC, non-specific control.
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Figure 9 Expression of AKT and EKT1/2 pathway proteins after upregulated NRG1 by exposure of the cells to exogenous Re-NRG1
and downregulated NRGI effectuated by gene knockdown. The expression of t-AKT and t~-ERK1/2 was not altered in these experimental
conditions. However, the expression of p-AKT and p-ERK1/2 was reduced in the case of downregulated NRGI1. Consecutively, the
expression of the two phosphorylated proteins increased after NRG1 upregulation. +, ++, ++++ indicated that the concentration of exogenous
Re-NRG1 was 0, 300, and 1,200 ng/mL, respectively; *, **, *** referred to the control, NC, and siRNA-NRG1 groups, respectively. NRGI,

neuregulinl; NC, non-specific control.
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PI3K signal transduction pathway, and the abnormal
activation occurs in a variety of malignant tumors (6). The
ERK1/2 pathway plays a critical role in cell proliferation,
differentiation, and survival and is one of the major
pathways in the MAPK pathway (37). A number of studies
have proved that PI3K and MAPK pathways exert vital
roles in the development of malignant tumors, including
lung cancer (6-9). We detected the expression of AKT and
EKT1/2 pathway proteins after upregulation of NRGI
post-exposure of the cells to exogenous Re-NRGI, as well
as after downregulated of NRG1 by gene knockdown.
Consequently, the expression of t-AKT and t-ERK1/2 was
unaltered in these experimental conditions. However, the
expression of p-AKT and p-ERK1/2 was reduced when
NRGI was downregulated, while it was increased after
NRGI upregulation. Based on a comprehensive analysis,
we can speculate that the activation of AKT and ERK1/2
pathway is closely related to the role of NRG1 in LUAD.

Conclusions

In conclusion, NRG1 decreased the expression in LUAD
tissues and inhibited some biological behaviors of A549
and H1975 cell lines. Thus, NRGI is speculated to plays a
role in the development of LUAD as a TSG via AKT and
ERK1/2 pathways. However, since only a small number of
tissue samples and limited cell lines were included in the
study, further research is essential.
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