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Classic opioid receptors, mu (µ), delta (δ), and kappa (κ), have been reported to be

expressed in non-small cell lung cancer (NSCLC) cell lines and tumor tissues and to play

a role in tumor prognosis. However, the expression and role of the non-classic opioid

receptor, nociceptin receptor (NOP) in cancer are unclear. Our hypothesis was that NOP

was also highly expressed in NSCLC tumor tissues and this could be correlated with

patients’ prognostic characters. Expression of NOP was examined in archived cancer

tissues from 129 enrolled NSCLC patients by immunohistochemistry and was further

analyzed with the patients’ outcomes. NOP expression in NSCLC cell lines was also

detected. The dataset from Kaplan-Meier Plotter was used to explore the correlation

between the levels of NOP mRNA in cancerous tissue and the prognosis of NSCLC

patients. Cell functional assays were performed to detect the effect of NOP activation

on tumor aggressive furthers. Results showed NOP expression was highly expressed

in cancer tissues and human cancer cell lines. NOP expression was not associated

with patients’ opioid requirement but closely with some clinicopathological indicators

which reflected the malignancy. Moreover, NOP staining level was the independent poor

prognostic factor for NSCLC patients receiving lobectomy, which was further verified by

determining the mRNA expression levels through the online dataset. In vitro experiments

revealed that NOP activation promotes the proliferation and invasion of A549 cells via

PI3K/Akt signaling pathway. We conclude that NOP is overexpressed in NSCLC and is

inversely correlated with patient’s postoperative survival.
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INTRODUCTION

Advances have recently been achieved in targeted therapies
and immunotherapies for lung cancer; however, it remains the
leading cause of cancer-related death in both men and women
worldwide, with an unacceptably low 5-year survival rate, even
for early-stage cancer patients (1, 2). Non-small cell lung cancer
(NSCLC) is the most common type of lung cancer, accounting
for 80–85% of all lung cancer diagnoses. Thus, efforts for
early diagnosis of NSCLC, especially by identifying potential
tumorigenic targets, and developing novel therapeutic strategies
are urgently required.

For NSCLC patients receiving lobectomy or cancer pain
treatment, opioids such as morphine, hydromorphone, fentanyl,
and oxycodone are the most widely used and effective analgesics
(3). Their receptors, mainly classic opioid receptors including
mu (µ), delta (δ), and kappa (κ) (MOR, DOR, and KOR) have
been reported to be expressed in NSCLC cell lines or in tumor
tissues, and they perform different functions correlated with
the clinical prognosis. For example, MOR and DOR are both
upregulated in NSCLC cell lines as well as in the lung cancer
tissue samples (4, 5). Moreover, increased expression of MOR
is associated with progression of NSCLC and the activation of
MOR leads to tumor growth by coactivating epidermal growth
factor receptor (EGFR) pathways (6). KOR, however, stimulated
by its ligand or agonist, could inhibit the proliferation of NSCLC
through phosphorylated-glycogen synthase kinase 3b (p-GSK3b)
signaling pathway (7).

Nociceptin receptor (NOP) is identified as the fourth
opioid receptor with a later recognized endogenous ligand
nociceptin/orphanin FQ (8). It is a G protein-coupled receptor
(GPCR) with seven transmembrane domains, and it shows 50%
homology with the other three opioid receptors (9, 10). However,
NOP activation exhibited a distinct biological effect with respect
to pain, learning, memory, neuroendocrine control, emotional
states, food intake, and motor control (11–13). Thus, NOP was
generally characterized as a non-classical opioid receptor. NOP
is highly expressed in the nervous system, including the brain,
spinal cord, and dorsal root ganglion (DRG) neurons, as well as
in the immune cells (14, 15). In advanced cancer patients, NOP
expression in peripheral blood cells was higher than in healthy
controls (16). However, the expression of NOP in NSCLC tumor
cell lines as well as in cancer tissues has not yet been studied.

The present study aimed to investigate the expression and role
of NOP in NSCLC cell lines and cancer patients. The hypothesis
that NOP is highly expressed in NSCLC tissues, with potential
correlation with the clinicopathological data and the outcome of
NSCLC patients, was tested in this study.

MATERIALS AND METHODS

Patients
Inclusion and Exclusion Criteria
This study was approved by the Ethical Committee of Tianjin
Medical University Cancer Institute and Hospital (TMUCIH),
and a written, informed consent was obtained from each
participant or their legal custodian, in accordance with the

Declaration of Helsinki. A total of 129 lung cancer patients
who had undergone pulmonary resection and systemic lymph
node dissection in TMUCIH from April 2008 to August 2014
were enrolled in the study. All patients had been pathologically
diagnosed for NSCLC for the first time when enrolling and the
TNM stages were in accordance with the latest International
Association for the Study of Lung Cancer TNM classification
system (17). The postoperative treatment, including adjuvant
chemotherapy, radiotherapy or targeted therapy, was strictly
ground on the National Comprehensive Cancer Network
Clinical Practice Guideline in NSCLC. Exclusion criteria
included patients with pre-existing or simultaneous tumors;
patients receiving preoperative anticancer treatment such as
radiotherapy, neo-adjuvant chemotherapy, or immunotherapy,
and patients who died within 1 month after surgery.

All participants underwent 18F-fluorodeoxyglucose positron
emission tomography combined with computed tomography
(18F-FDG-PET/CT) before surgery, and the maximum
standardized uptake value (SUVmax) was obtained.

Each enrolled patient had an integral clinicopathological and
follow-up record. All patients were followed up until August
30, 2016. Patients who were still alive at the last follow-up were
censored in the present study. Overall survival (OS) was defined
as the time from surgery to death by any cause or to the last
follow-up. Progression-free survival (PFS) was defined as the
interval between surgery and the diagnosis of recurrence or the
last date of follow-up.

Opioid Requirement
The opioid requirements of all participants from diagnosis to
death or the last follow-up were also recorded. The opioid
prescriptions were converted into oral morphine equivalents
(OME) using the equi-analgesic conversion tables and further
presented as daily dosage (18). The amount of 5 mg/day OME
was set as the cut-off pursuant to the previous literature for
it could differentiate short-term or occasional opioid use from
long-term opioid schedule in NSCLC patients (19). The enrolled
patients were then divided into high opioid requirement group
and low opioid requirement accordingly.

Immunohistochemistry
The primary antibody of NOP used for immunohistochemistry
(IHC) of lung carcinoma tissues was a rabbit polyclonal
NOP antibody obtained from Santa Cruz Biotechnology (Santa
Cruz, Dallas, TX, cat No. sc15309) with final dilution 1:100.
To compare the expression levels of NOP in normal lung
tissue with those in cancer tissue, 60 samples of normal lung
tissue located more than 10 cm away from the tumor were
taken as para-carcinoma controls. Paraffin-embedded specimens
were prepared and archived at the Department of Pathology,
TMUCIH. Specimens were baked for 1 h at 70◦C for dewaxing.
Samples were then fixed with formaldehyde; antigen retrieval
was performed using heat mediation with citrate buffer (10mM,
pH 6.0). Endogenous peroxidase activity was blocked with
0.3% hydrogen peroxide for 20min. The specimens were then
incubated overnight with the NOP primary antibody at the
aforementioned dilution at 4◦C. After rehydration with PBS, an
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undiluted horseradish peroxidase (HRP)-conjugated goat anti-
rabbit IgG was added to the samples as the secondary antibody
for 30min at 37◦C. The slides were rinsed and incubated with 3,
3′-Diaminobenzidine (DAB) chromogen substrate (ZSGB-BIO,
Beijing, China). Nuclei were counterstained by haematoxylin
(Sigma-Aldrich, Buchs, Switzerland). Finally, the tissue sections
were sealed by mounting a glass coverslip and viewed using a
light microscope.

Two pathologists who were blinded to the identity of the
samples assessed the tumor and para-cancer sections and arrived
at a consensus. NOP positive specimens were defined as those
showing membranous or cytoplasmic staining of tumor cells.
Briefly, IHC staining quantification was accomplished by the
two-way scoring method that takes both staining intensity, and
proportion of stained cells into account. The staining intensity
was classified into four categories according to the color of
immune reactions: negative, 0, no staining; weak, 1, light brown
in color; moderate, 2, brown in color; and strong, 3, with dark
brown staining. The proportion of positively stained cells was
reported as: 0–25%, 1; 26–50%, 2; 51–75%, 3; and 76–100%, 4.
The overall expression level of NOP was obtained by multiplying
the staining intensity and the score of the proportion of positively
stained cells. A median expression score of 6 was taken as the
cut-off value, samples with scores of 0–4 were considered as
low expressing, others with scores of 6–12 were defined as high
expressing according to the published scoring system (20).

Cell Culture
Different human lung cancer cell lines A549, H1299, H520,
H460, and H446 and human lung bronchus epithelium cell line
BEAS-2B were obtained from ATCC. They were cultured in
RPMI medium 1640 (Gibco, Waltham, MA) supplemented with
10% fetal bovine serum (Hyclone, Logan, UT). Cells were then
maintained in a humidified incubator equilibrated with 5% CO2

at 37◦C.

Tumor Tissue Samples
Fresh tumor and para-cancer tissues were obtained from 8 lung
cancer patients receiving pulmonary resection in Department
of Lung carcinoma, TMUCIH after receiving a written and
informed consent. The utilization procedure of these tissues was
approved by the Ethics Committee of TMUCIH. All patients had
a pathology-based diagnosis of NSCLC before surgery and none
of the patients had received radiotherapy, chemotherapy, or other
medical intervention before sample collection.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA from cultured cancer cells was extracted using
Trizol (Invitrogen, Carlsbad, CA) following the manufacturer’s
instructions. cDNAwas synthesized by reverse transcription with
the MMLV Reverse Transcriptase (Promega, Madison, WI). The
sequences of primers were as following: NOP forward: 5′-TGC
CGTTCTGGGAGGTTATCTA-3′ and reverse: 5′-TTAGGGTGA
AGGTGCTGGTGA-3′. β-actin, forward 5-TGGCACCCAGCA
CAATGAA-3, and reverse 5′-CTAAGTCATAGTCCGCCTAGA
AGCA-3′. Relative quantitation was performed with the ABI

PRISM 7500 sequence detection system (Applied Biosystems,
Foster City, CA) using the real-time SYBR green fluorescence
PCR kit (Takara, Shiga, Japan) following the manufacturer’s
instructions. Ct values (cycle of threshold) were determined
by the ABI software and the results were further analyzed by
calculating the comparative Ct value (2−11Ct) with β-actin as an
internal control.

Western Blot
The culture medium of the cancer cells was removed and
the cells were washed twice with ice-cold PBS. The fresh
tumor and para-cancer sample tissues were ground into a
single-cell suspension. Harvested cells were then lysed in
lysis buffer for 30min at 4◦C and centrifuged at 1,2000 ×

rpm for 10min. The supernatants were collected and protein
concentrations were measured using the BCA protein assay kit
(Solarbio, Beijing, China) as per the manufacturer’s instructions.
Equal quantities of total protein were separated on a 10%
SDS-PAGE gel and transferred onto polyvinylidene difluoride
membranes (Millipore, Burlington, MA). The membranes were
blocked in 5% non-fat milk for 1 h and then incubated
overnight with rabbit polyclonal anti-NOP antibody (1:500,
Abcam, Cambridge, MA, cat No. ab66219) and then with
HRP-conjugated secondary antibodies for 1 h. The blots were
developed using ECL Substrates (Amersham, Aldermaston, UK).
GAPDH (Proteintech, Rosemont, IL) was used as an endogenous
control for protein quantification.

Cell Functional Experiments
Cell Viability Assay
Three thousand A549 cells were seeded in each well of a 96 well
microplate with 100 µL cell culture media. Nociceptin (Tocris,
Minneapolis, MN, cat No. 0910) with indicated concentration
with or without UFP 101 (R &D,Minneapolis, MN, cat No. 1552)
or Ly294002 (MedChem Express, Monmouth, NJ, cat No. HY-
10108) were added into the well and co-incubated for 24, 48,
and 72 h in a CO2 incubator. Ten microliter Cell Counting Kit-
8 (CCK-8) reagent (Dojindo, Kumamoto, Japan) was added into
each well and further incubated for 1–2 h. The absorbance was
measured at 450 nm with a microplate reader. Each experiment
was conducted 3 times.

Two-Dimensional (2D) Clone
Formation Assay
A549 cells were seeded in the 6-well plate (5,000 cells/well),
and nociceptin with indicated concentration and UFP 101 or
Ly294002 was added into the well for 72 h before the cells were
stained with crystal violet. 3 wells of each group were counted for
the number of cell clones, and each experiment was conducted
3 times.

Cell Invasion Assay
Transwell chamber filters (BD, San Jose, CA) were coated with
Matrigel. After addition of nociceptin, A549 cells were suspended
in serum-free media and then 2 × 104 cells were seeded into
the upper chamber in a volume of 500 µL. The chamber was
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then cultured in a well containing 500 µL of media with 10%
fetal bovine serum at 37◦C for 18 h. Cells on the upper side of
the membrane were removed with cotton swabs and those on
the other side were stained and counted. Four high-powered
fields were counted for each membrane. Each experiment was
conducted in triplicate.

In silico Data Analysis
The dataset from Kaplan-Meier Plotter (http://kmplot.com) was
used to explore the correlation between expression levels of NOP
mRNA in cancerous tissue and the prognosis of NSCLC patients
using a larger sample size. The probe used for analysis was
206564_at. By choosing auto select best cut-off, a total of 1926
lung cancer patients showing the histology of adenocarcinoma
(ADC) and squamous cell carcinoma (SCC) were divided into
NOP high expression group and NOP low expression group. The
hazard ratio (HR) with 95% confidence intervals (CI) and the
P-value of log-rank was calculated and significance level was set
at P < 0.05.

Statistics
SPSS 22.0 (IBM Corp, Armonk, NY) and GraphPad Prism 6.0
(GraphPad Software, San Diego, CA) were used to perform all
the statistical analyses and to draw the figures. The Shapiro-
Wilk test was used to assess the normality of data. NOP

expression scores were presented as medians (inter-quartile
range, IQR) and compared with the Mann-Whitney test.
Fold changes in NOP mRNA transcription and quantification
for Western blot, proliferation and invasion assays were
presented as mean and standard error of mean (SEM), and
compared using one-way ANOVA with Bonferroni’s multiple
comparisons test. Two-way ANOVA followed by Bonferroni’s
multiple comparisons test were applied to analyse dose and
time dependent change of cell viability in CCK-8 assays. The
categorical data were compared using Fisher’s exact test or
Pearson’s chi-square test. The Kaplan-Meier method was applied
to determine OS and PFS with log-rank test. Multivariable
analysis of association between the independent factors and
postoperative survival was performed by the Cox proportional
hazard regression model. A two tailed P < 0.05 was considered
statistically significant.

RESULTS

NOP Expression in Human Lung Cancer
Tissue and Cell Lines
Immunohistochemical staining was first performed to determine
the expression levels of NOP in 129 cases of NSCLC tissues
and 60 paired para-cancer tissues. The histological subtypes

FIGURE 1 | High expression levels of NOP in NSCLC tissues. (A–D) Representative immunohistochemical (IHC) staining of NOP in lung adenocarcinoma. Scores 0,

1, 2, and 3 represent negative (–), weak positive (+), moderate positive (++), and strong positive (+++) expression, respectively. (E–H) Typical IHC staining of NOP in

lung squamous cell carcinoma. Scores 0, 1, 2, and 3 represent negative (–), weak positive (+), moderate positive (++), and strong positive (+++) expression,

respectively. (I) Representative NOP staining in para-cancer normal lung tissue. (J) NOP staining with rabbit IgG Isotype control antibody. No non-specific background

signal was detected. (K) Comparison of NOP expression score between tumor tissue (T) and the corresponding adjacent normal lung tissues (N). *P < 0.05 from

Mann-Whitney test.
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FIGURE 2 | High expression levels of NOP in fresh tumor tissues and human NSCLC cell lines. (A) The global proteins of eight surgically removed tumor tissues (T)

and the adjacent normal lung tissues (N) were extracted and the expression of NOP was assayed via western-blot, with GAPDH as an internal control. (B)

Quantification of NOP expression via western-blot from fresh tumor tissues. *P < 0.05 from paired t-test. (C) mRNA expression of NOP in human bronchial epithelial

cell line and NSCLC cell lines with different histology. *P < 0.05 compared with BEAS-2B from one-way ANOVA with Bonferroni’s multiple comparisons test. (D) NOP

expression in human bronchial epithelial cell line and NSCLC cell lines by western blot. (E) Quantification of NOP expression via western-blot from cell lines. *P < 0.05

compared with BEAS-2B from one-way ANOVA with Bonferroni’s multiple comparisons test.

of these samples were SCC, (41 cases) and ADC (88 cases).
NOP immunostaining was primarily visible in the plasma
membrane and cytoplasm of cancer cells (Figures 1A–J).
Approximately 44.2 % of all the examined cases in each
subtype of lung carcinoma expressed high levels of NOP,
with SCC (36.6%) and ADC (47.7%). When compared with
the corresponding adjacent normal lung tissues, the cancer
tissues showed a more intense staining and thus had a
significantly higher expression score [4 (2/8) vs. 0 (0/1), P <

0.0001, Figure 1K]. To further validate these findings, eight
paired tumor tissues and matched paired para-carcinoma
samples with pathological diagnoses of adenocarcinoma
or squamous cell carcinoma were used to perform the
western blot assay and a consistent trend could be observed
in accordance with the data from immunohistochemical
staining (Figures 2A,B).

Next, we examined variations in NOP mRNA expression in

human lung ADC cell lines (A549, H1299), human small cell lung
cancer cell line (H446), human lung large cell carcinoma cell line

(H460), human SCC cell line (H520), and normal lung bronchus

cell line (BEAS-2B) by qRT-PCR and in NOP protein levels by
western blot. A similar increase in NOP expression levels was

observed in all histological subtypes of lung cancer cell lines and
markedly in A549, H1299 and H520 cell lines (Figures 2C–E).

However, the normal lung cell line, BEAS-2B, showed a weaker
immunoblot reaction.

NOP Expression and
Clinicopathological Characteristics
The correlation between NOP expression levels on cancer cells
and patients’ clinicopathological characteristics are presented in
Table 1. Elevated NOP expression was significantly associated
with increased clinical TNM stage (P= 0.014), presence of lymph
node invasion [Negative: 4 (2/8) vs. Positive: 5 (3/9), (P< 0.001)],
and higher SUVmax [Median 9.5, patients were divided into <

9.5 group and ≥ 9.5 group, (P = 0.011)] suggesting a critical
role of NOP in lung tumor growth and progression. However, no
statistical relationship was found between NOP expression levels
and opioid requirement (P = 0.073) as well as other clinical data
such as age, gender, smoking status, histological type, and tumor
size (all P > 0.05).

NOP Expression and
Postoperative Prognosis
The median follow-up time was 43 months (ranging from 4 to 89
months). At the end of the follow- up, there were 40 deaths and
89 survivals. The 1-, 3-, and 5-years OS rates of all patients were
93.8, 74.7, and 63.1% respectively, and the corresponding PFS
rate was 73.6, 49.3, and 43.1% respectively. Univariate analysis
indicated that the OS was significantly associated with smoking
status (P = 0.033), TNM status (P = 0.003), tumor size (P <

0.0001), lymphatic invasion (P = 0.017), SUVmax (P < 0.0001),
opioid requirement (P = 0.010) and NOP expression (P <
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TABLE 1 | Association between NOP expression level and clinicopathologic

variables in patients with NSCLC.

Cases n (%) NOP expression

Low High P-value X2

AGE (YEARS)

<60 50 (39) 24 26 0.155 2.021

≥60 79 (61) 48 31

GENDER

Male 74 (57) 42 32 0.802 0.063

Female 55 (43) 30 25

SMOKING STATUS

Never smoke 61 (47) 33 28 0.710 0.138

Smoke 68 (53) 39 29

HISTOLOGICAL TYPE

SCC 41 (32) 26 15 0.235 1.408

ADC 88 (68) 46 42

TNM STAGE

I 32 (25) 24 8 0.014 10.679

II 29 (22) 19 10

III 63 (49) 27 36

IV 5 (4) 2 3

TUMOR SIZE

≤3 cm 79 (61) 49 30 0.074 3.189

>3 cm 50 (39) 23 27

LYMPHATIC INVASION

Negative 47 (36) 32 15 0.034 4.515

Positive 82 (64) 40 42

SUVmax

<9.5 66 (51) 44 22 0.011 6.454

≥9.5 63 (49) 28 35

OPIOID REQUIREMENT

OME<5 mg/day 96 (74) 58 38 0.073 3.224

OME≥5 mg/day 33 (26) 14 19

NOP, nociceptin receptor; SCC, Squamous cell carcinoma; ADC, Adenocarcinoma;

SUVmax, the maximum standardized uptake value; OME, oral morphine equivalents.

Person chi-square test were used to analyze the data.

0.0001), whereas PFS was directly influenced by TNM stage (P
= 0.002), tumor size (P < 0.0001), lymphatic invasion (P =

0.002), SUVmax (P < 0.0001) and NOP expression (P < 0.0001).
Multivariate analysis demonstrated that NOP expression levels
and SUVmax were independent prognostic factors for OS, and
tumor size and NOP expression were independent predictive
factors for PFS (all P < 0.05, Tables 2, 3).

The 1, 3, and 5-year OS rate of patients with low NOP
expression was 97.2, 88.0, and 77.3%, respectively. However,
that of patients with high NOP expression, decreased to 89.5,
58.6, and 45.8%, respectively (P < 0.0001, Figure 3A). The 1, 3,
and 5-year PFS rate for patients with low NOP expression was
86.1, 66.8, and 56.1%, respectively, and 57.9, 27.7, and 27.7%
for patients with high NOP expression (P < 0.0001, Figure 3A).
These data illustrate that NOP overexpression is related to a
poor postoperative prognosis. Since NOP expression was linked
with TNM stages, we further performed survival analysis in

TABLE 2 | Univariate and multivariate analysis of clinicopathologic factors in

NSCLC patients with respect to OS.

Cases

n (%)

Univariate analysis Multivariate analysis

Survival

time

(months)

P-value HR (95%CI) P-value

AGE (YEARS)

<60 50 (39) 69.62 (4.40) 0.549

≥60 79 (61) 62.72 (3.49)

GENDER

Male 74 (57) 63.43 (3.92) 0.177

Female 55 (43) 66.22 (3.62)

SMOKING STATUS

Never

smoke

61 (47) 68.13 (3.19) 0.033 1.156

(0.723–3.179)

0.271

Smoke 68 (53) 60.71 (4.18)

HISTOLOGICAL TYPE

SCC 41 (32) 58.64 (4.88) 0.164

ADC 88 (68) 69.57 (3.46)

TNM STAGE

I-II 61 (47) 74.80 (3.47) 0.003 1.292

(0.533–3.133)

0.571

III-IV 68 (53) 55.67 (3.81)

TUMOR SIZE

≤3 cm 79 (61) 74.40 (3.18) <0.0001 1.569

(0.713–3.453)

0.263

>3 cm 50 (39) 49.54 (4.60)

LYMPHATIC INVASION

Negative 47 (36) 74.54 (3.90) 0.017 1.743

(0.698–4.351)

0.234

Positive 82 (64) 59.16 (3.68)

SUVmax

<9.5 66 (51) 71.14 (3.02) <0.0001 2.790

(1.196–6.504)

0.018

≥9.5 63 (49) 50.55 (3.82)

NOP EXPRESSION

Low 72 (56) 75.37 (3.33) <0.0001 2.091

(1.035–4.227)

0.040

High 57 (44) 51.90 (4.05)

OPIOID REQUIREMENT

OME<5

mg/day

96 (74) 73.24 (3.15) 0.010 1.851

(0.732–4.744)

0.209

OME≥5

mg/day

33 (26) 57.25 (4.21)

SCC, Squamous cell carcinoma; ADC, Adenocarcinoma; SUVmax, the maximum

standardized uptake value; NOP, nociceptin receptor; OME, oral morphine equivalents.

Overall Survival (OS) time were presented as mean (SEM) and were determined by the

Kaplan-Meier method with log-rank test. Multivariable analysis of the independent factors

was performed by the Cox proportional hazard model.

patients with subtype clinical stage I -II and III-IV. For stage I-II
subgroup, patients showing high levels of NOP had shorter OS
and PFS than those showing low NOP levels (both P < 0.05,
Figure 3B). A similar trend could also be observed in patients
of stage III-IV, where high expression of NOP led to reduced
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TABLE 3 | Univariate and multivariate analysis of clinicopathologic factors in

NSCLC patients with respect to PFS.

Cases

n (%)

Univariate analysis Multivariate analysis

Survival

time

(months)

P-value HR (95%CI) P-value

AGE (YEARS)

<60 50 (39) 45.56 (5.45) 0.962

≥60 79 (61) 43.94 (4.04)

GENDER

Male 74 (57) 44.64 (4.37) 0.801

Female 55 (43) 41.02 (3.69)

SMOKING STATUS

Never

smoke

61 (47) 43.78 (3.46) 0.233

Smoke 68 (53) 42.89 (4.49)

HISTOLOGICAL TYPE

SCC 41 (32) 44.47 (5.52) 0.711

ADC 88 (68) 45.65 (4.11)

TNM STAGE

I-II 61 (47) 54.06 (4.55) 0.002 1.122

(0.563-2.237)

0.744

III-IV 68 (53) 31.47 (3.14)

TUMOR SIZE

≤3 cm 79 (61) 54.45 (4.08) <0.0001 2.216

(1.289-3.808)

0.004

>3 cm 50 (39) 25.15 (3.26)

LYMPHATIC INVASION

Negative 47 (36) 56.05 (5.30) 0.002 1.665

(0.814-3.404)

0.163

Positive 82 (64) 38.26 (3.86)

SUVmax

<9.5 66 (51) 56.22 (4.39) <0.0001 1.682

(0.945-2.995)

0.077

≥9.5 63 (49) 28.62 (3.16)

NOP EXPRESSION

Low 72 (56) 56.31 (4.39) <0.0001 2.291

(1.394-3.767)

0.001

High 57 (44) 28.81 (3.56)

OPIOID REQUIREMENT

OME<5

mg/day

96(74) 46.55 (4.88) 0.833

OME≥5

mg/day

33(26) 44.32 (4.16)

SCC, Squamous cell carcinoma; ADC, Adenocarcinoma; SUVmax, the maximum

standardized uptake value; NOP, nociceptin receptor; OME, oral morphine equivalents.

Progression free survival (PFS) time were presented as mean (SEM) and were determined

by the Kaplan-Meier method with log-rank test. Multivariable analysis of the independent

factors was performed by the Cox proportional hazard model.

OS and PFS (both P < 0.05, Figure 3C). Since for advanced
stage NSCLC patients, epidermal growth factor receptor (EGFR)
mutation status may play a role in postoperative outcome, we
further compared the EGFR sensitive mutation ratio in NOP
high expression patients and NOP low expression patients with

stage III-IV and found no statistical difference (53.8 vs. 48.3%,
respectively, P = 0.649).

To further verify the prognostic role of NOP in NSCLC
patients, the online tool of Kaplan-Meier Plotter was used
to determine mRNA expression levels of NOP from multiple
databases (including GEO, EGA and TCGA). As shown in
Figure 3D, high expression levels of NOP indicated a lower OS
in 1926 patients (HR:1.23, 95% CI: 1.08–1.39, P = 0.0015) and
a decreased first progression (FP) time in 982 patients (HR:1.87,
95%CI: 1.54–2.26, P< 0.0001) with histological diagnosis of lung
ADC and SCC.

NOP Activation Promotes the Proliferation
and Invasion of A549 Cells via PI3K/Akt
Signaling Pathway
In vitro experiments with A549 cell line high expressing NOP
were performed to assess NOP activation on tumor aggressive
features. We firstly used CCK-8 and 2D clone formation assays
to detect the change of cell proliferation. As is shown in
Figures 4A,B, NOP agonist nociceptin could dose dependently
enhance the proliferation ability of A549 cells with remarkable
effect of 1 nM and 10 nM and these could be diminished
by co-incubation with NOP antagonist UFP 101 (1µM). In
addition, 1 nM nociceptin may boost the ability of invasion
of A549 cells, which would be significantly impaired by
the application of 1µM UFP 101 (Figure 4C), since opioids
related growth-promoting effects were mainly reported to be
mediated through extracellular-signal regulated kinase (ERK)
and PI3K/Akt signaling pathways (21). We screened these
two pathways in A549 cells treated with 1 nM nociception at
different time points and found that the p-Akt level but not
the p-ERK level were significantly increased after the treatment
(Figure 4D). In functional experiments, PI3K/Akt pathway
inhibitor Ly294002 (10µM) could impair the enhancement of
proliferation and invasion ability of A549 cells caused by 1 nM
nociception (Figure 4E).

DISCUSSION

In the present study, we investigated NOP expression in
cancer patients beyond the neural and immune systems. Results
showed that NOP was highly expressed in the cancer tissues
and human cancer cell lines when compared to normal
lung tissue and human bronchus cell line. Moreover, we
demonstrated that NOP expression on cancer cells was closely
associated with patients’ clinicopathological data reflecting
the malignancy. NOP staining levels in cancerous tissue
were the independent poor prognostic factor for NSCLC
patients receiving pulmonary resection, which was further
verified by determining mRNA expression levels through the
online dataset.

Retrospective studies have shown that opioid requirement
and administration dosage is inversely related to poor outcomes
of lung cancer patients receiving perioperative analgesia or
cancer pain relief therapy (22, 23). Thus, it is essential to
understand the expression of different opioid receptors in tumor
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FIGURE 3 | Survival curves of NSCLC patients according to NOP levels expressed in cancer. (A) All the enrolled patients with high NOP level were significantly

associated with poor OS and PFS (both P < 0.001). (B) Reduced OS (P = 0.032) and PFS (P = 0.015) in patients with TNM stage I-II and high level of NOP. (C)

Significantly poor OS (P = 0.012) and PFS (P = 0.005) in patients with TNM stage III-IV and expressing high level of NOP. (D) High level of NOP mRNA indicates a

diminished OS (P = 0.0015) and first progression (FP, P < 0.0001) time in NSCLC patients, by Kaplan-Meier Plotter online tool. Kaplan-Meier method was applied to

determine OS and PFS with log-rank test.

microenvironments and their interaction with endogenous and
exogenous opioids. As the classic opioid receptors, the roles
of MOR, DOR, and KOR in NSCLC have been established
and depicted widely (4, 5, 7, 24). Meanwhile, one non-
classical opioid receptor, the opioid growth factor receptor
(OGFR), which is known as the receptor of endogenous opioid
peptide [Met5]-enkephalin, was also shown to be expressed
in lung cancer tissues and cancer cell lines involved in
morphine induced suppression of lung cancer proliferation
(25). Aside from the direct interaction of opioids and their
receptors expressed in tumors, the immunological effects of
opioids were also investigated, mainly targeting MOR on
immunocytes such as natural killer (NK) cells and T lymphocytes
(26, 27). However, one latest research reported the absent
expression of classical MOR, DOR and KOR in human
blood samples which contain various types of immune cells,
while NOP were detected in all samples (28). This implied
NOP may be more crucial than classic opioid receptors
in the direct modulation of immune function. Based on
these findings, the expression and potential role of NOP in
cancer and tumor immune microenvironment is in need to
be clarified.

Previously, NOP was reported to be functionally expressed
in tumor cell lines of neuroblastoma and glioblastoma.
However, limited research explored NOP expression in other
cancer cell lines and further in cancer patients. Stamer
and colleagues assayed NOP and nociceptin precursor pre-
pronociceptin expression by qRT-PCR in end-stage cancer
patients, including patients of the gastrointestinal tract, lung,
breast, and cervix cancer (16). Results showed that expression
of NOP components in the peripheral blood of cancer patients

was significantly higher than that in healthy controls. Moreover,
no correlation was found between pre-pronociceptin or NOP
expression levels and pain intensity in cancer related studies
of NOP (16, 29, 30). In the present study, we also found
that NOP expression was not related to patients’ opioid
requirements. These all indicated a distinct role of NOP in tumor
microenvironment, apart from pain signaling. Here, we detected
the NOP expression directly in tumor cell lines and cancer
samples instead of plasma immune cells. We demonstrated
high expression levels of NOP in NSCLC cell lines and in
cancer cells of cancer tissues and their correlation with cancer
progression, which illustrated the role of NOP components in
tumor progression.

Based on the finding that NOP was a poor prognostic factor
for NSCLC patients, the in vitro experiments in this study
further verified that NOP activation by its endogenous ligand
- nociceptin in a low dose could promote the proliferative
and invasive function of A549 cells. Recently, emerging studies
have reported that NOP antagonist exerted anti-proliferation
or anti-metastasis effects in osteosarcoma, ovarian cancer and
pancreatic cancer cell lines (31–33). These all raised the possible
cancer promoting role of NOP. Although one research showed
that nociception could block the lipopolysaccharide induced
proliferation and migration in human glioblastoma U87 cells
(34), it used a much higher dose of nociceptin of 1µM. Also,
GPCR activation has already been proved to play a distinct role in
tumor biology depending not only on target cell lines but also on
the investigation system (in vivo or in vitro) (35, 36). Principally,
growth-promoting effects were mediated through ERK and
PI3K/Akt signaling pathways, whereas death-promoting effects
were ascribed to increment of Fas expression, p53 stabilization,
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FIGURE 4 | Nociceptin promotes the proliferation and invasion of A549 cells through NOP with the activation of PI3K/Akt signaling pathway. (A) Nociceptin of 1 nM

and 10 nM could increase the proliferation of A549 cells by CCK8 test. *P < 0.05 compared with PBS from two-way ANOVA with Bonferroni’s multiple comparisons

test. (B) 1 nM nociception could enhance the clone forming ability of A549 cells which would be diminished by co-incubation with 1µM UFP 101. Representative

pictures were shown on the left, and the fold change were shown on the right. (C) Nociceptin of 1 nM might boost the ability of invasion of A549 cells, which would be

significantly impaired by co-incubation with 1µM UFP 101. Representative pictures were shown on the left, and the quantification was presented on the right.

(D) A549 cells were treated with 1nM Nociceptin for indicated time points before subjected to the examination of PI3K/Akt and ERK signaling pathway. Significant

activation of Akt pathway but not ERK pathway was detected. (E) 10µM Ly294002 could inhibit the enhancement of proliferation and invasion ability of A549 cells

caused by 1 nM Nociceptin. For figure (B,C,E), *P < 0.05 from one-way ANOVA with Bonferroni’s multiple comparisons test.

and inhibition of nuclear factor-κB (21). Stimulation of NOP
by agonist was demonstrated to induce activation of all three
mitogen-activated protein kinase (MAPK) cassettes. Specially,
two groups have reported increased ERK 1/2 phosphorylation
levels in heterologous expression systems after NOP activation
(37, 38). In astrocyte, the participation of downstream pathways
of PI3K/AKT kinase system in NOP simulation has also been
proved (39). In the present study, we checked the dynamic change
of ERK and Akt pathways and found that PI3K/Akt pathways
involved in NOP activation induced tumor progression. Thus,
PI3K/Akt inhibitor might be used to treat NSCLC patients with
high expression level of NOP.

There are several limitations to this study. First, we only took
one human normal lung cell line as control in the comparison

of NOP expression in various cell lines. Second, we did not
detect the expression of nociceptin or its precursor protein
in cancer tissues or in the plasma of enrolled patients. In
addition, the population size of patients in advanced stage
is small. It has been reported that in inflammation models
immune cells like neutrophils could migrate and secrete
nociceptin, which would couple NOP in nerve cells and trigger
downstream pathways to release proinflammatory cytokines,
such as IL-6 and IL-1 β (15), which are generally considered
to be tumor promoters (40, 41). Interestingly, in the tumor
immune microenvironment, whether infiltrated immune cells
could increasingly produce nociceptin and further activate
NOP signaling pathways in surrounding cancer cells is worthy
of investigation.
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In summary, we proved that NOP is overexpressed in
NSCLC and is inversely correlated with patient’s postoperative
survival. Activation of NOP on tumor cells can promote
their proliferative and invasive characteristics. All these results
revealed a potential diagnostic and therapeutic role of NOP in
NSCLC patients.
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