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Abstract
Introduction: Lung cancer is the leading cause of cancer-related death
worldwide and non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases. PAQR (progestin and adipoQ receptor
family) 3, a Golgi-anchored membrane protein, has been demonstrated to
act as a tumor suppressor in multiple cancers. However, the expression and
role of PAQR3 have never been explored in NSCLC. The purpose of this study
was to investigate the expression and role of PAQR3 in NSCLC.
Material and methods: Expression of PAQR3 at mRNA and protein levels was
determined by qRT-PCR and western blot, respectively. Cell proliferation was
analyzed by MTT assay. Apoptosis and cell cycle distribution were evaluated
by flow cytometry.
Results: The expression of PAQR3 was downregulated in NSCLC tissue samples and cell lines at both mRNA and protein levels (p < 0.05). Overexpression of PAQR3 significantly inhibited cell proliferation, induced apoptosis
and promoted cell cycle arrest at G0/G1 phase in NSCLC cell lines (p < 0.05).
In contrast, knockdown of PAQR3 showed a reverse effect on NSCLC cells
(p < 0.05). Moreover, PAQR3 may exert its tumor suppressive roles via suppressing the PI3K/AKT signaling pathway in NSCLC.
Conclusions: Our findings suggest that PAQR3 is a tumor suppressor in the
development of NSCLC and may serve as a novel therapeutic target in the
treatment of patients with NSCLC.
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Introduction
Lung cancer is one of the most prevalent malignancies and the leading cause of cancer-related death in adults worldwide, with an estimated 1.4 million deaths per year [1]. Non-small cell lung cancer (NSCLC)
represents the majority of lung cancers and accounts for approximately
85% of all lung cancer cases [2]. According to the histological features,
NSCLC is mainly categorized into adenocarcinoma, squamous cell carcinoma and large cell carcinoma and others [3]. Despite the great progress in the combination of surgical resection, radiotherapy and chemotherapy in the treatment of NSCLC, the prognosis of NSCLC patients
still remains poor and the 5-year overall survival rate is only 15% [4].
Therefore, greater understanding of its initiation and development may
provide a novel approach for the diagnosis and treatment of NSCLC patients.
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The progestin and adipoQ receptor family
(named PAQR) is a highly conserved protein family composed of 11 members, PAQR1 to PAQR11
[5]. PAQR3, also known as Raf kinase trapping
to Golgi (RKTG), is a Golgi-anchored membrane
protein containing seven transmembrane helices
and interacts with the Gβ subunit via the first
20 amino acids of its N-terminus and retains Gβγ
at the Golgi [6, 7]. An increasing number of studies have shown that PAQR3 functions as a tumor
suppressor by regulating tumor cell proliferation
and migration in various human cancers such as
glioma [8], gastric cancer [9] and prostate cancer
[10]. Previous studies have reported that PAQR3
exerts its tumor suppressive roles by inhibiting
the Ras/Raf/MEK and PI3K/AKT signaling pathways [11–13]. However, the role of PAQR3 in the
development of NSCLC has never been reported.
In the present study, we investigated the expression pattern of PAQR3 and its potential functions in NSCLC. Our study revealed that PAQR3
is significantly downregulated in NSCLC tissues
and cell lines when compared with the control.
Overexpression of PAQR3 significantly inhibited cell proliferation while knockdown of PAQR3
promoted cell proliferation in NSCLC. Moreover,
PAQR3 was shown to inhibit cell proliferation
via suppressing the PI3K/AKT signaling pathway
in NSCLC. Our findings suggest that PAQR3 is
a tumor suppressor in NSCLC and may serve as
a therapeutic target in the treatment of patients
with NSCLC.

Material and methods
Tissue samples
A total of 20 paired NSCLC specimens and
matched adjacent normal tissues were collected
from patients with primary NSCLC who had undergone surgical treatment at our department.
All tissues were frozen in liquid nitrogen immediately until use. The diagnoses were confirmed by
pathological analysis. Written informed consent
was obtained from each patient and our study
was approved by the Ethics Committees of Huaihe Hospital of Henan University. This study was
performed following the Declaration of Helsinki.

Cell lines
Human NSCLC cell lines (SK-MES-1, A549,
SPCA-1 and H1229) and the non-tumorous human bronchial epithelium cell line BEAS-2B were
all obtained from the Cell Bank, China Academy
of Sciences (Shanghai, China). All cells were maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (both Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 100 U/ml
of penicillin and 100 μg/ml of streptomycin. Cells
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were maintained in a humidified incubator containing 5% CO2 at 37°C.

RNA extraction and qRT-PCR
Total RNA was extracted from tissue specimens
or cultured cells using TRIzol (Invitrogen) according
to the manufacturer’s instruction. cDNA was synthesized from total RNA by using the PrimeScript
RT Reagent Kit (TaKaRa, Dalian, China). Quantitative real-time PCR (qRT-PCR) was performed using
SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, USA) in an Applied Biosystems 7500
sequence detection system (Applied Biosystems)
following the manufacturer’s guidelines. The quantitative real-time PCR conditions were: 95°C for
10 min, 40 cycles of 95°C for 15 s, and 60°C 1 min.
The relative expression level of PAQR3 was calculated by using the 2–ΔΔCt method and GAPDH
was used as an internal control. The primers
for PAQR3 were 5′-AACCCGTACATCACCGACG-3′
(forward) and 5′-TCTGGACGCACTTGCTGAAG-3′
(reverse) The primers for GAPDH were 5′-CATCTTCTTTTGCGTCGCCA-3′ (forward) and 5′-TTAAAAGCAGCCCTGGTGACC-3′ (reverse). Each experiment
was independently repeated three times.

Western blot
The total protein was extracted from tissues or
cultured cells by RIPA buffer and quantified by the
bicinchoninic acid (BCA) kit (Pierce, Rockford, IL,
USA). An equal amount of protein was isolated by
10% SDS-PAGE and transferred to nitrocellulose
membranes (Amersham BioSciences, Buckinghamshire, UK). The membranes were blocked with
5% non-fat milk in PBS for 1 h and incubated with
primary antibodies at 4°C overnight. After washing three times, membranes were immunoblotted by secondary antibodies (1 : 15000, LI-COR,
Nebraska, USA) for 1 h at room temperature and
an infrared imaging system (LI-COR Biosciences,
Lincoln, USA) was used to visualize the protein
bands. The primary antibodies against GAPDH
and PAQR3 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Other primary
antibodies were all purchased from Cell Signaling
Technology (CST, Boston, USA).

Cell transfection
The transfections were all performed using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. For PAQR3 overexpression, PAQR3 cDNA was purified and cloned
into a pcDNA3.1 vector (Promega, Madison, WI,
USA) to construct the pcDNA3.1-PAQR3 recombinant plasmids (PAQR3). The empty vector was
used as the control (vector). For PAQR3 downregulation, siRNA targeting human PAQR3 (si-PAQR3)
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and the scramble oligonucleotide (si-NC) was synthesized by GenePharma (Shanghai, China). The
sequences of si-NC were 5′-UUCUCCGAACGUGUCACGUTT-3′ (sense) and 5′-ACGUGACACGUUCGGAGAATT-3′ (antisense). The sequences of si-PAQR3
were 5′-GCCACCAAAUAUGGCAUAUTT-3′ (sense) and
5′-AUAUGCCAUAUUUGGUGGCTT-3′
(antisense).
qRT-PCR and western blot were used to confirm the
expression level of PAQR3 in treated cells.

MTT assay
Cell proliferation was measured by the 3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) assay according to the manufacturer’s
protocol. In brief, cells were plated into a 96-well
plate and cultured at 37°C for different time periods. Then, 20 µl MTT (5 mg/ml, Sigma) was added
to each wells and incubated at 37°C for further
4 h. Subsequently, 150 µl of DMSO was added for
15 min to stop the reaction. The optical density at
570 nm was determined using a microtiter plate

A

reader (Molecular Devices, Sunnyvale, CA, USA).
All experiments were performed in triplicate.

Flow cytometry
Cell apoptosis was measured using flow cytometry with the FITC-Annexin V Apoptosis Detection Kit
(BD Biosciences, CA, USA) following the manufacturer’s protocol. Briefly, cells were harvested, washed
twice with cold PBS and resuspended in 200 μl of
binding buffer. Then, the cells were treated with FITC
Annexin V and propidium iodide solution in darkness at room temperature for 15 min. The apoptosis
rate was detected using a Calibur Flow Cytometer
(Becton, Dickinson and Company, CA, USA). For cell
cycle analysis, cells were collected, washed twice
with cold PBS and fixed with 70% ethanol overnight
at 4°C. Subsequently, cells were washed twice and
stained with propidium iodide (PI, Sigma) for 30 min
at room temperature. Cells in each phase were
counted by a Calibur Flow Cytometer. Three independent experiments were performed.
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Figure 1. PAQR3 was down-regulated in NSCLC tissues and cell lines. A – PAQR3 mRNA level in CC tissues and the
matched normal tissues as determined by qRT-PCR. B – Representative images of the PAQR3 protein expression in
NSCLC tissues and the matched normal tissues as detected by western blot. C – PAQR3 mRNA level in NSCLC cell
lines (SK-MES-1, A549, SPCA-1 and H1229) and the non-tumorous human bronchial epithelium cell line BEAS-2B as
determined by qRT-PCR. D – PAQR3 protein expression in NSCLC cell lines and BEAS-2B cells detected by western blot
Data are expressed as mean ± SD. *P < 0.05.
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Figure 2. Overexpression of PAQR3 inhibited NSCLC cell proliferation. A, B – mRNA and protein levels of PAQR3
in NSCLC cell lines A549 and H1299 following pcDNA3.1-PAQR3 plasmid or empty vector transfection. C, D – Cell
proliferation of NSCLC cells as analyzed by MTT assay after PAQR3 overexpression. E, F – Cell apoptosis of NSCLC
cells as measured by flow cytometry after PAQR3 overexpression
Data are expressed as mean ± SD. *P < 0.05.
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Figure 2. Cont. G, H – Cell cycle distribution of NSCLC cells as assessed by flow cytometry after PAQR3 overexpression
Data are expressed as mean ± SD. *P < 0.05.

Statistical analysis
All data were expressed as mean ± SD. Differences between groups were compared by Student’s t-test or one-way analysis of variance using
SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA).
Differences were considered to be statistically significant when p < 0.05.

Results
PAQR3 was down-regulated in NSCLC
tissues and cell lines
To elucidate the potential roles of PAQR3 in the
development of NSCLC, we detected its expression patterns at both mRNA and protein levels in
NSCLC tissues and cell lines. We found that the
mRNA and protein levels of PAQR3 were both
down-regulated in NSCLC tissues as determined by
qRT-PCR (Figure 1 A) and western blot (Figure 1 B),
respectively. In addition, PAQR3 was also found
to be down-regulated in NSCLC cell lines at both
mRNA and protein levels (Figures 1 C, D). These
results suggested that PAQR3 may act as a tumor
suppressor in NSCLC.

Overexpression of PAQR3 inhibited NSCLC
cell proliferation
To examine the biological functions of PAQR3
in NSCLC, PAQR3 was overexpressed in NSCLC
cell lines A549 and H1299 by pcDNA3.1-PAQR3

recombinant plasmid. The PAQR3 expression
level was significantly increased in A549 and
H1299 cells following plasmid transfection (Figures 2 A, B). Then, the MTT assay was conducted to evaluate cell proliferation and the results
showed that overexpression of PAQR3 significantly inhibited NSCLC cell proliferation (Figures
2 C, D). As cell proliferation is always correlated
with apoptosis and cell cycle distribution, we analyzed NSCLC cell apoptosis and cell cycle distribution after PAQR3 overexpression. The data
showed that PAQR3 overexpression significantly
induced apoptosis (Figures 2 E, F) and resulted in
cell cycle arrest at G0/G1 phase (Figures 2 G, H)
in NSCLC cell lines.

Knockdown of PAQR3 promoted NSCLC cell
proliferation
To further clarify the tumor suppressive roles
of PAQR3 in NSCLC, the expression of PAQR3 was
knocked down in NSCLC cell lines A549 and H1299.
The knockdown efficiency was confirmed by qRTPCR and western blot (Figures 3 A, B). Functional assays showed that knockdown of PAQR3 markedly
promoted NSCLC cell proliferation (Figures 3 C, D).
In addition, the cell apoptosis rate (Figures 3 E, F)
and cell amount at G0/G1 phase (Figures 3 G, H)
of NSCLC cells were obviously decreased in the
PAQR3 knockdown group in comparison with the
control group.
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Figure 3. Knockdown of PAQR3 promoted NSCLC cell proliferation. A, B – mRNA and protein levels of PAQR3 in
NSCLC cell lines A549 and H1299 following PAQR3 knockdown. C, D – Cell proliferation of NSCLC cells as analyzed
by MTT assay after PAQR3 knockdown. E, F – Cell apoptosis of NSCLC cells as measured by flow cytometry after
PAQR3 knockdown
Data are expressed as mean ± SD. *P < 0.05.
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Figure 3. Cont. G, H – Cell cycle distribution of NSCLC cells as assessed by flow cytometry after PAQR3 knockdown
Data are expressed as mean ± SD. *P < 0.05.

PAQR3 may exert its tumor suppressive
roles via suppressing PI3K/AKT signaling
pathway in NSCLC
As the PI3K/AKT pathway is crucial for cell proliferation in the development of human cancers,
we supposed that PAQR3 may also affect the PI3K/
AKT pathway in NSCLC and verified that using
western blot. We found that the phosphorylation
of PI3K and AKT was significantly downregulated
in NSCLC cells A549 and H1299 following PAQR3
overexpression (Figure 4). These results suggested
that PAQR3 may exert its tumor suppressive roles
in NSCLC via suppressing the PI3K/AKT signaling
pathway.

Discussion
PAQR3 was first identified as a spatial regulator
of Raf kinase and was named RKTG. It binds Raf-1,
translocates Raf-1 into the Golgi apparatus, inhibits Raf-1 activation, reduces the association of
Raf-1 with Ras and MEK, and blocks the ERK pathway [11]. Since then, an increasing number of studies have shown that PAQR3 acts as a tumor suppressor in multiple human cancers. For example,
Zhang et al. reported that PAQR3 inhibits cell proliferation, migration, sprouting and angiogenesis
by suppressing MAPK-mediated autocrine VEGF
signaling in clear cell renal cell carcinoma [14]. Wu
et al. showed that PAQR3 is downregulated in hepatocellular carcinoma and the decreased expres-

sion of PAQR3 is correlated with a poor prognosis
[15]. Ma et al. found that PAQR3 is decreased in
osteosarcoma and overexpression of PAQR3 inhibited osteosarcoma cell proliferation, migration,
and invasion by promoting ERK phosphorylation
[16]. In addition, PAQR3 was also demonstrated to
suppress the tumorigenesis of colorectal cancers
[17] and skin carcinogenesis [18] in a mouse model. These studies indicated the tumor suppressive
effect of PAQR3 in cancer development.
In the current study, we demonstrated for the
first time that the expression pattern of PAQR3
was down-regulated in NSCLC tissues and cell
lines at both mRNA and protein levels. Therefore,
we supposed that PAQR3 may function as a tumor
suppressor in NSCLC and conducted a series of
in vitro functional experiments. Our results showed
that overexpression of PAQR3 significantly inhibited cell proliferation, induced apoptosis and promoted cell cycle arrest at G0/G1 phase in NSCLC
cells. However, knockdown of PAQR3 promoted
NSCLC cell proliferation, suppressed apoptosis and
increased the cell amount at G0/G1 phase. Moreover, mechanistic studies showed that phosphorylation of PI3K and AKT was downregulated following PAQR3 overexpression in NSCLC cells.
The PI3K/AKT signaling pathway is one of the
most commonly activated signaling pathways in
various types of tumors including NSCLC [19–21].
Drugs targeting the PI3K/AKT pathway have great
potential to exert their anticancer effects [22].
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Figure 4. PAQR3 may exert its tumor suppressive roles via suppressing PI3K/AKT signaling pathway in NSCLC.
A – Protein expression of PI3K and AKT and phosphorylated PI3K and AKT in A549 cells following PAQR3 overexpression. Relative quantities are shown. B – Protein expression of PI3K and AKT and phosphorylated PI3K and AKT
in H1299 cells following PAQR3 overexpression. Relative quantities are shown

Therapeutic methods targeting PI3K/AKT are widely used in the treatment of human cancers such as
prostate cancer [23], osteosarcoma [24] and neuroblastoma [25]. PAQR3 was also reported to exert
its functions by regulating the PI3K/Akt signaling
pathway [8, 13]. Similarly, our study demonstrated that overexpression of PAQR3 suppressed the
phosphorylation of PI3K and AKT in NSCLC cells.
In recent years, identifying novel molecules involved in the development of human cancers is
important to obtain a full understanding of cancer
initiation and helpful for the treatment of cancers.
For instance, Zhao et al. showed that miR-630
functions as an oncogene in renal cell carcinoma
and may act as a potential therapeutic target for
renal cancer treatment [26]. Zhang et al. found that
CtBP2 is overexpressed in prostate cancer and its
overexpression is associated with tumorigenesis
and poor clinical outcome of prostate cancer [27].
In the present study, we found that PAQR3 is involved in the development of NSCLC and may act
as a therapeutic target in the treatment of NSCLC.
Overall, our study demonstrated that PAQR3
was down-regulated in NSCLC. PAQR3 functions
as a tumor suppressor by inhibiting cell proliferation, inducing apoptosis and promoting cell cy-
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cle arrest via suppressing the PI3K/AKT signaling
pathway in NSCLC. These findings suggest that
PAQR3 may serve as a novel therapeutic target in
NSCLC treatment.
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