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The role of GPR110 in lung cancer progression
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Background: G protein-coupled receptors (GPCRs) are involved in several signaling pathways. However,
the roles of many GPCRs in tumor oncogenesis and progression are not fully understood. In our previous
study, we concluded that the absence of Gprl110 decelerates the development of liver brosis/cirrhosis into
tumorigenesis. In our current study, the role of GPR110 in the oncogenesis and progression of lung cancer
was observed.

Methods: After collecting tumor tissues from lung cancer patients, the expression of GPR110 was analyzed
by both Western blotting and real-time PCR. Immunofluorescence was used to observe GPR110 expression
in human lung cancer cells. A CCKS8 kit was used to analyze the proliferation of human lung cancer cells
transfected with Gpr110. Changes in cell migration were evaluated with wound healing and Transwell assays.
A nude mouse xenograft model was constructed. Lung cancer model was induced in Gpr110” mice with
urethane.

Results: GPR110 mRNA and protein expression was significantly higher in lung cancer tissue. GPR110
was barely expressed in H460, A549, H1299, and SPC-ALI cells, but its expression in PC-9 and QG356
cells was significantly higher. Overexpression of GPR110 promoted the proliferation and cell aggregation
of H1299 cells and H1299 cell migration was also enhanced. Overexpression of GPR110 in H1299 cells
significantly promoted tumor development in the nude mice tumor xenograft model. There was no statistical
significance between the Gpr110”* and Gpr110” mice despite the lesions in the Gpr110” mice group
decreasing at 35 and 40 weeks after the initial injection of urethane.

Conclusions: Our findings indicate that GPR110 promotes the progression of lung cancer through

accelerating cell proliferation and migration.
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Introduction

G protein-coupled receptors (GPCRs) is a term applied to a
group of more than 1,000 receptors that are signally linked
to the G protein (guanosine triphosphate-binding protein)
family (1). As membrane proteins, GPCRs are distributed

on the cell membrane (2). GPCRs receive and transmit
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extracellular signals to within the cell by activating different
types of G proteins and their downstream signaling
pathways, causing changes in cell status.

GPCRs are made up of a polypeptide chain that spans the
cell membrane (3-5). The C-terminus of the polypeptide
chain and the intracellular loop of the fifth and sixth
transmembrane helices (numbered from the N-terminus of
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the polypeptide chain) are binding sites for the G protein.
The extracellular portion of the receptor is the binding
site for various molecules. The G protein contains three
subunits, a, B, and y. It straddles the cell membrane and
can receive signals from the outside the cell. Through its
interaction with intracellular substances, the G protein acts
as a bridge for extracellular information to enter the cell.

Currently, our understanding of many GPCRs is very
limited, mainly due to how many there are. One example
is G protein-coupled receptor 110 (GPR110), which
is also known as adhesion G protein-coupled receptor
F1 (ADGRF1) (6). The oncogenesis-related activity of
GPR110 was initially reported in 2010 (7). However, ten
years later, little progress has been made on the biological
function of GPR110 and its role in tumorigenesis and
cancer progression. In previous study, we constructed a
Gpr110” mouse model and determined the role of Gpr110
in hepatocarcinogenesis. Our findings confirmed that
when Gprl10 is absent, the development of liver brosis/
cirrhosis into tumorigenesis is decelerated (8). To achieve
a greater understanding of the role of GPR110 in lung
cancer oncogenesis and progression, we collected tumor
tissue from lung cancer patients. GPR110 in these samples
was analyzed, and the role of GPR110 in lung cancer
progression was considered iz vitro and in vivo. We present
the following article in accordance with the ARRIVE
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-3146).

Methods
Patients and specimen collection

Lung cancer tissues from 40 patients at the Department
of Thoracic Surgery, Shanghai Pulmonary Hospital were
obtained for analysis, including 15 patients with squamous
cell carcinoma, 14 patients with adenocarcinoma, 6 patients
with large cell carcinoma, 5 patients with adenosquamous
carcinoma. None of the patients had received anticancer
therapy prior to the surgical procedure. Each patient was
confirmed with lung cancer by pathological analysis.

Western blot analysis

Western blot was performed following the routine protocol.
H1299 cells were lysed in RIPA buffer (50 mM Tris, pH
7.4, 150 mM NaCl, 5 mM EDTA, pH 8.0, 30 mM Nak, 1
mM Na3VO4, 40 mM p-glycerophosphate, 0.1 mM PMSE,
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10% glycerol and 1% Nonidet-P40) and equal total protein
of cell lysates from each condition were resolved by 15%
SDS-PAGE followed by immunoblotting. The primary
antibodies were as the following: anti-GFP (ab183734,
Abcam, MA, USA), 1:10,000; anti-GAPDH (ab125247,
Abcam, MA, USA).

Real-time PCR

Trizol reagent (Thermo Fisher Scientific) was used
to extract total RNA based on the instructions of the
manufacturer. Total RNA was quantified with NanoDrop
1000 (Nanodrop, Wilmington, DE, USA). The TAKARA
Reverse Transcription kit-PrimeScript™ RT Master
Mix (Takara, Dalian, China) was used to perform reverse
transcription reaction with 500 ng of the total RNA. The
expression of GPR110 on mRNA level was determined by
QPCR with SYBR® qPCR Mix (Takara, Dalian, China) and
the ABI 7500 Real-Time PCR System (Applied Biosystems,
Thermo Fisher Scientific, New York, USA). The PCR
conditions were as follow: step 1: pre-denaturation: 95 °C
for 30 seconds, step 2: repeat for 40 times, denaturation
at 95 °C for 15 seconds, annealing at 60 °C for 30 seconds,
step 3: dissociation. The expression of specific transcripts
was normalized against GAPDH, the entire experiment
was performed in triplicate. Primers used were: GPR110
(forward: 5'-ACGCAACCTAGCAATACC-3', reverse:
5'-AGCAGCACCACAACGAA-3"), GAPDH (forward:
5'-"TGGTATCGTGGAAGGACTCATGAC-3', reverse:
5'-ATGCCAGTGAGCTTCCCGTTCAGC-3").

Construction of GPR110 overexpression vector

The Coding sequence (CDS) of human GPR110 gene
was cloned in vitro by polymerase chain reaction (PCR)
method and connected to the linear PEGFR-N2 vector for
constructing PEGFR-N2-GPR110 eukaryotic expression
plasmid by homologous recombination technology. The
plasmid was identified by sequencing. After identification,
it was transfected into H1299 cells and its expression
was detected at 48 h. The primers for PCR cloning and
connection were: for cloning GPR110 gene CDS region
(forward: 5'-ACGCAACCTAGCAATACC-3', reverse:
5'-AGCAGCACCACAACGAA-3"); for connection
[forward (including Notl restriction site): 5'-ATAAGAATG
CGGCCGCGATGAAAGTTG-3' reverse (including Xbal
restriction site): 5'-GCTCTAGATTATTCATTTGAGAC
AAA-3.

Ann Transl Med 2020;8(12):745 | http://dx.doi.org/10.21037/atm-20-3146


http://dx.doi.org/10.21037/atm-20-3146
http://dx.doi.org/10.21037/atm-20-3146

Annals of Translational Medicine, Vol 8, No 12 June 2020

Cell migration assay

Wound healing and Transwell assays were used to analyze
cell migration. For the wound healing assay, at least
5 horizontal lines (interval, 0.5 cm) were evenly drawn with
a marker pen behind the 6-well plate. Then, 2x10 cells
were added to the wells. The following day, the tip was
hung down to the horizontal line and a scratch was made.
The cells were washed 3 times with PBS, and then cultured
in a 37 °C 5% CO, incubator with serum-free medium. After
24 h, photographs of the cells were taken. The migration
distance of cells was measured with Image-Pro Plus
software. All experiments were conducted independently
in triplicate. For Transwell assay, the H1299 cells
(1x10* cells) were seeded with serum-free DMEM medium
in the plate’s upper chamber, and the bottom chamber was
filled with complete DMEM medium before incubation at
37 °C for 24 h. The Transwell membrane was fixed, stained,
and subsequently photographed with an Olympus light
microscope. The cells were then counted. The experiment
was independently conducted in triplicate.

Immunobistochemical (IHC) staining

IHC staining was performed after the tissue sections were
prepared. The tissue slides were incubated with primary
antibody at 4 °C overnight, and again with secondary
antibody at room temperature for 1 h. After DAB staining,
counterstaining was carried out using hematoxylin,
and the results were determined by OLYMPUS optical
microscopy. Photographs were taken and evaluated by
three pathologists. The primary antibodies were as the
following: anti-GPR110 (ab150547, Abcam, MA, USA,
1:200), anti-Ki-67 (#9027, Cell Signaling Technology, MA,
USA, 1:400).

Immunofluorescence

The sterile slides were placed in a 6-well cell culture
plate and seeded with QG56, H1299, H460, A549, PC-
9, and SPC-A1 cells. After 24 h, the slides were immersed
in PBS (3 times for 3 min each time), and fixing with
4% paraformaldehyde took place for 15 min, following
PBS washing (3 times for 3 min each time). Then, 0.5%
Triton X-100 was permeabilized at room temperature
for 20 min, and the slides were once again immersed in
PBS (3 times for 3 min each time). Drops of goat serum
were added to each slide and blocking was carried out
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at room temperature for 30 min. The primary antibody
was added to each slide, and the slides were placed in a
wet box for incubation at 4 °C overnight. The slides were
incubated in the wet box with the fluorescent secondary
antibody for 1 h at 37 °C. After PBST washing, DAPI was
added for 5 min. The plate was then sealed with a sealing
liquid containing an anti-fluorescence quencher, and the
image was observed under a fluorescence microscope. The
primary antibodies were as the following: anti-GPR110
(ab75306, Abcam, MA, USA, 1:200), anti-GFP (ab183734,
Abcam, MA, USA, 1:500).

Cell proliferation and cell aggregation

A 96-well was seeded with H1299 cells (2x10°). Cell growth
was determined by the CCKS8 kit. For cell aggregation
assay, 1x10’ single H1299 cells were resuspended in 500 pL
of serum-free medium, before the suspension was placed in
a 1.5 mL centrifuge tube. At 37 °C, the cells were vibrated
at 80 rpm for 1 h, after cell aggregation occurred, the cells
were fixed with 2% (v/v) glutaraldehyde. Pictures were then
taken under the microscope.

Xenograft model

All of the animal experiments in this study received approval
from the Animal Care and Use Committee of Shanghai Jiao
Tong University School of Medicine.

Nude mice were purchased from Shanghai South Model
Biotechnology Co., Ltd. Six-week-old male nude mice
(BALB/c) were kept (six per cage) in a specific pathogen-
free room on a 12-hr light/dark schedule at 251 °C, the
body weight of nude mice were about 18-20 g. The mice
were fed an autoclaved chow diet and had free access to
water. We used 12 nude mice for the experiment, prior to
being inoculated, the mice were divided at random into
two groups (6 mice per group). H1299 cells with GPR110
overexpression and with vector were subcutaneously
injected into the mice separately to form the subcutaneous
model, 6 mice per group. Tumor growth was monitored
with vernier caliper every 4 days. After 4 weeks, the mice
were sacrificed. The tumors were stripped from the mouse
subcutaneously. The tumors were fixed with paraform
aldehyde (4%) before they were dehydrated and embedded
in paraffin. H&E and Ki-67 immunohistochemistry staining
of the paraffinized tissue sections were conducted according
to standard protocols. No adverse events in the entire
animal experiment.
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Figure 1 GPRI110 expression in human lung cancer tissues. (A) GPR110 mRNA levels in 11 lung cancer patients. Values are presented
as mean = SD. *, P<0.05; **, P<0.01. (B) GPR110 in a lung cancer patient, detected by immunohistochemistry. Scale bar, 100 pm, upper

picture; scale bar, 50 pm, lower picture. (C) GPR110 expression scores in lung cancer and adjacent normal tissues. *, P<0.05; **, P<0.01.

Urethane-induced lung cancer in Gpr110” mice

In this study, we constructed a Gpr110”” mouse model. Mice
with a homozygous deletion of Gpr110 were maintained
on a 129Sv] background. The construction of the Gpr110™”
mouse model was reported in 2017 (8). Briefly, the targeting
vector was designed to delete exon 12 to exon 14 of the
Gpr110 gene. The targeting vector contained a 5.0 kb 5’
arm and a 4.2 kb 3’ arm. PGK-Neo and HSV-TK cassettes
were used for positive and negative selections, respectively.
Four-week-old Gpr110” mice and wild type mice were
selected and administered an intraperitoneal injection of
urethane (200 mg/kg) twice a week for four weeks. Forty
mice per group, half male and female. The samples were
harvested at 18, 35, 40, and 56 weeks after the first injection.
No adverse events in the entire animal experiment.

Statistical analysis

Values presented are expressed as mean = SD. The y’ test
was used to compare qualitative variables; and quantitative
variables were analyzed by the z-test, Analysis was performed
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with the SPSS Version 18.0 software package for Windows
(Chicago, IL, USA). All statistical tests were two-sided, and
P<0.05 was considered to represent statistical significance.

Results
Expression of GPR110 in buman lung cancer tissues

The relative expression of GPR110 mRNA in 11 human
lung cancer samples was determined by QPCR assay. The
expression of GPR110 mRNA in the lung cancer tissues was
significantly higher than in the normal tissues (Figure 14).
By IHC staining, the expression of GPR110 at the protein
level was also determined. The results showed that GPR110
protein expression in the lung cancer tissues was significantly
higher than in the normal tissues. The GPR110 high
expression ratio was 62.5% (25/40) (Figure 1B,C).

GPR110 expression in human lung cancer cell lines

Next, we determined the expression of GPR110 in human
lung cancer cell line H460 (with p16 gene deletion), human
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Figure 2 The expression of GPR110 in human lung cancer cell lines. (A) GPR110 in 6 lung cancer cell lines, detected by

immunofluorescence staining (200x), scale bar, 50 pm. (B) GPR110 mRNA levels in 6 lung cancer cell lines. Values are presented as mean +

SD. *, P<0.05; **, P 0.01.

lung adenocarcinoma cell line A549 (with KRAS mutation),
human lung adenocarcinoma cell line PC-9 (with exon
19 deletion mutation), human lung adenocarcinoma cell line
H1299 (with p53 gene deletion), human lung squamous cell
carcinoma cell line QG56, and human lung adenocarcinoma
cell line SPC-Al. GPR110 was barely expressed in the
H460, A549, H1299, and SPC-AL1 cells, but its expression
was significantly higher in the PC-9 and QG356 cells
(Figure 2).

Overexpression of GPR110 promoted the proliferation and
cell aggregation of H1299 cells

To analyze the role of GPR110 in lung cancer progression,
we selected H1299 cells which had very low GPR110
background expression as a model. We constructed
the GPR110 expression vector and, after verifying the
expression efficiency, it was transfected into the H1299
cells (Figure 34,B). We observed cell behavior for 6
consecutive days and observed overexpression of GPR110
to significantly promote the H1299 cell proliferation
(Figure 3C). Cell aggregation is a biological feature of tumor
cells; therefore, we also measured the effect of GPR110 on
lung cancer cell aggregation. Compared with the control
group, the H1299 cells with GPR110 overexpression
showed obvious aggregation after 16 hours of GPR110
transfection (Figure 3D).

© Annals of Translational Medicine. All rights reserved.

Overexpression of GPR110 enbanced the migration of
H1299 cells

Tumor metastasis is initiated by cell migration and invasion.
Therefore, we next analyzed the effect of GPR110 on the
lung cancer cell migration. We evaluated changes in cell
migration ability using the wound healing and Transwell
assays, respectively. Within 48 h, the gap in H1299 cells
with overexpressed levels of GPR110 disappeared, while
the gap in the control cells only narrowed by half within the
same amount of time (Figure 44). In another experiment, a
comparison of the number of cells migrating through the
Transwell pores revealed that overexpression of GPR110
had a doubling effect on the number of H1299 cells that
migrated (Figure 4B).

Overexpression of GPR110 in H1299 cells significantly
promoted tumor growth in the nude mice tumor xenograft
model

We constructed a Xenograft model to determine whether
GPR110 can accelerate the tumorigenic effect of
H1299 cells in vivo. Tumor growth was monitored every
4 days. A month later, we found that the tumor tissue
masses stemming from the H1299 cells with GPR110
overexpression were larger than those in the control group
(Figure 5A). The total tumor volume in the group with
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Figure 3 GPR110 promoted the proliferation and aggregation of H1299 cells. (A) GPR110 vector expression in H1299 cells observed

by immunofluorescence (100x), scale bar, 100 pm. (B) The verification of vector expression efficiency by Western blotting assay. (C) The

growth curve of H1299 cells with and without GPR110 transfection. Data are shown as mean (+ SD) from three independent experiments,
**, P<0.01. (D) H1299 cells with and without GPR110 transfection observed by cell aggregation assay (40x), scale bar, 200 pm.

GPR110 overexpression was higher than in the control
group (Figure 5B). By detecting Ki-67 expression in the
tumor tissue, we also found that GPR110 overexpression
significantly promoted the proliferation of H1299 cells
in vivo (Figure 5C).

The role of Gpr110 in urethane induced mice lung cancer

Due to the lack of the necessary microenvironment, a
molecule’s biological function is not always fully reflected in
the results of iz vitro cell experiments. In our previous study,
we determined the expression of Gprl110 in multiple tissues
from mice, and almost no Gprl10 expression was detected
in lung tissue. To maximize the simulation of the lung
cancer oncogenesis and progression, we induced lung cancer
in Gpr110” mice with urethane. We observed the number
and the volume of the lesions on the lung of two groups
mice at 18, 35, 40, and 56 weeks after the first injection
of urethane, we found that the number and the volume
of lesions that had formed on the lung of the two groups

© Annals of Translational Medicine. All rights reserved.

of mice was comparable at 18 and 35 weeks. However, in
the Gpr110” mice group the number of lesions were not
significantly different between the two groups mice. Then
we fixed the lung of mice with paraform aldehyde (4%)
before they were dehydrated and embedded in paraffin.
H&E and of the paraffinized tissue sections were conducted
according to standard protocols. H&E staining showed
that the pathological manifestations of the lesions between
two groups is similar. Ki-67 Immunohistochemistry
staining showed that the proliferation of tumor cells was
not significantly different between the two groups of mice

(Figure 6).

Discussion

GPR110 is a member of the adhesion GPCR family, a
group of GPCRs characterized by their relatively long N
terminus (9,10). Based on the GRAFS classification system,
there are five subfamilies of GPCR: glutamate, rhodopsin,
adhesion, frizzled/taste2, and secretin. The characteristic
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Figure 4 The effect of GPR110 on H1299 cell migration. (A) Wound healing assay analysis of cell migration ability (100x), scale bar, 100

pm; migration distance was measured. Data are shown as mean (z SD) from three independent experiments.

*, P<0.05. (B) Transwell assay

analysis of cell migration ability (100x), scale bar, 100 pm; the number of cells that had penetrated the membrane was counted. Data are

shown as mean (= SD) from three independent experiments.

difference between the adhesion subfamily and the others
is that some functional domains are located in the long
N terminus; however, the biological function of adhesion
GPCRs is still barely known. At present, because GPR110 is
highly expressed in many tumors, it is primarily understood
to be an oncogene (11-15), and our results refined this
conclusion.

Through the analysis of different genotype samples
and human cell lines, we discovered that the expression of
GPR110 was specifically increased in human lung squamous
cell carcinoma cell line QGS56, which indicate that GPR110
especially plays an important role in the development of this
pathological type of lung cancer. Our results also showed
the behavior of GPR110 in promoting the proliferation and
migration of lung cancer cells, which suggest that GPR110
may be involved in signaling pathways related to cell
proliferation and migration, this requires a lot of research
work on molecular mechanisms. In our nude mouse
tumor xenograft model, tumor growth was significantly

© Annals of Translational Medicine. All rights reserved.

* P<0.05.

promoted by GPR110 overexpression in H1299 cells.
Nevertheless, there was no significant difference between
the Gpr110** and Gpr110” mice when lung cancer was
induced with urethane, although this may be attributed to
an inappropriate dose and low expression of GPR110 in
normal mouse lung tissue.

The G protein takes its name from its close association
with guanosine triphosphate (GTP) and guanosine
diphosphate (GDP). In its inactivated state, GDP binds
to the o subunit and the GPCRs migrate across the inner
surface of the cell membrane. When the G protein meets
the corresponding receptor, the receptor binds to the
corresponding signal molecule, and the G protein releases
GDP and binds to GTP in the cytosol. After binding to
GTP, the G-activated protein further breaks down into
two parts, both of which continue to activate downstream
effector proteins. The enzyme-activated substance in the cell
can convert the o subunit-linked GTP into GDP, thereby
terminating its activity. When the inactive a subunit rejoins

Ann Transl Med 2020;8(12):745 | http://dx.doi.org/10.21037/atm-20-3146



Page 8 of 10

A

vec

EGFP-GPR110

Ma et al. GPR110 promotes lung cancer formation

EGFP-GPR110

B vec

=@==\/cC

«=0--EGFP-GPR110
700

600
500
400
300
200
100

*

volume (mm®)

vec EGFP-GPR110

HE

Ki-67

100

Ki-67 positive cells (%)

vec EGFP-GPR110

Figure 5 GPRI110 overexpression in H1299 cells significantly promoted tumor growth in the nude mice tumor xenograft model. (A)

Representative photographs of the nude mice tumor xenograft, showing the mice subcutaneously injected with H1299 cells with GPR110

overexpression (n=6) and the control group (n=6). (B) Tumor nodules extracted from the nude mice tumor xenograft model: vaccinal tumor

tissue masses from mice subcutaneously injected with H1299 cells with GPR110 overexpression and the control group. Tumor volume was

quantified and statistical analysis was carried out. The values are presented as mean = SD. *, P<0.05. (C) H&E staining of tumor sections and

immunohistochemical staining of Ki-67 in the tumor area (200x), scale bar, 50 pm. *, P<0.05.

the beta and gamma subunits, it forms a G protein complex
and a new cycle begins. The high expression of GPR110
in lung cancer tissue not only promotes the proliferation
of human lung cancer cells but also elevates the ability of
lung cancer cells to migrate, and in turn contributes to lung
cancer progression. GPCRs are important drug-targeting

© Annals of Translational Medicine. All rights reserved.

molecules which oversee the regulation of most cellular
responses to drugs and hormones (16,17). Currently, at least
30% of marketed drugs can activate or block GPCR activity.
Therefore, our findings indicate that GPR110 might also
provide a potential target for managing the progression of lung
cancer. This requires our further research on the molecular
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Gpr1107" mice, and HE staining of the tumor tissue (200x), scale bar, 50 pm.

mechanism of GPR110 regulating lung cancer development.

Conclusions

Our findings indicate that GPR110 promotes the
progression of lung cancer and that GPR110 may present a
target for anti-lung cancer treatment.
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