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GPR115, a member of the adhesion G protein-coupled receptor family, is dysregulated in
many cancers. However, the expression and function of GRP115 in non-small cell lung
cancer (NSCLC) is not clear. Here, we examined the expression pattern, clinical
significance, and function of GPR115 in NSCLC by analysis of clinical specimens and
human cell lines and bioinformatics analysis. Immunohistochemical analysis of clinical
samples showed that GPR115 was significantly upregulated in NSCLC tissues compares
with normal lung epithelial tissue (P < 0.05). And GPR115 overexpression is an
independent prognostic factor for 5-year overall survival of NSCLC patients [hazard
ratio (HR)=1.625, P = 0.008]. Interestingly, higher expression of GPR115 was strongly
correlation with differentiation level (P = 0.027), tumor size (P = 0.010), lymph node
metastasis (P = 0.022), tumor-node-metastasis stage (P = 0.008), and poor prognosis of
lung adenocarcinoma (LUAD, all P = 0.039), but not lung squamous cell carcinoma
(LUSC, P > 0.05). Moreover, downregulation of GPR115 by RNA interference in human
lung cancer lines inhibited cell proliferation, migration, and invasion. Preliminary
bioinformatic analysis confirmed that GPR115 was closely associated with LAMC2
(Spearman correlation coefficient=0.67, P < 0.05), which was accumulated in ECM-
receptor interaction and focal adhesion. Consistent with these findings, deceased of
GPR115 was associated with E-cadherin, N-cadherin and Vimentin confirmed by western
blot. In conclusion, these data suggest that GPR115 may play a role in the tumor growth
and metastasis and may have utility as a diagnostic and prognostic marker for LUAD, but
not LUSC.
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INTRODUCTION

Lung cancer is responsible for 18.4% of all deaths from cancer and
is thus the leading cause of cancer-related death worldwide. Non-
small cell lung cancer (NSCLC) accounts for 80–85% of total lung
cancer cases (1, 2). The most common histological subtypes of
NSCLC are lung adenocarcinoma (LUAD) and lung squamous
cell carcinoma (LUSC) which account for approximately 50% and
30% of NSCLC cases, respectively (3). Many tumor-associated
genes are known to be aberrantly expressed in NSCLC (4–6) but
its pathogenesis is still unclear. Even with the advent of targeted
therapy and immunotherapy, the 5-year survival rate from
NSCLC is only 16% (7). Thus, further understanding of the
molecular mechanisms underlying the development and
progression of NSCLC is needed to provide new directions for
developing more effective diagnostic and therapeutic approaches.

G protein-coupled receptors (GPCRs) are characterized by
seven transmembrane a-helices and are the largest family of
membrane receptors in many species. GPCRs play crucial roles in
the regulation of many biological functions (8, 9), and
unsurprisingly, dysregulation of their expression and/or activity is
associated with numerous diseases. Recent data suggest that
GPCRs are involved in the initiation and progression of cancer,
and they have been shown to regulate cancer cell proliferation,
invasion, metastasis, migration, and adhesion, as well as
angiogenesis (10). GPR115 (G protein-coupled receptor 115) is
a member of the adhesion GPCR (aGPCR) family, which consists
of membrane-bound receptors with a long N-terminus (11).
However, the current research on GPR115 is very limited. Some
researchers found that GPR115 plays an important role in the
pathogenesis of inflammatory skin diseases, andmay be related to
the treatment of glucocorticoids in these diseases (12). The latest
study showed that Gpr115 plays an important role in the
development of ectodermal organs, and may regulate enamel
mineralization by regulating the expression of Car6 in
ameloblasts (13). Moreover, some researchers have found that
GPR115 is upregulated in breast cancer, colon adenocarcinoma,
and thyroid carcinoma, and itsmethylation is closely related to the
treatment of lung cancer (14, 15). They suggested that GPR115
may have the potential to promote tumor development, but the
specific molecular mechanism is still unclear. It is worth noting
that we found that GPR115 mRNA is elevated in NSCLC and is
closely related to patient survival. In order to verify the effect of
GPR115 on the occurrence and development of NSCLC, we
analyzed GRP115 levels in NSCLC clinical specimens and cell
lines to determine its expression pattern, clinical significance, and
biological effects. We also performed bioinformatic analysis to
identify candidate geneswith expression related to that ofGPR115
that may be involved in its function.
MATERIALS AND METHODS

Human Tissue Specimens and Clinical
Information
A total of 393 formalin-fixed paraffin-embedded tissue samples
collected from the Department of Clinical Bio-bank, Affiliated
Frontiers in Oncology | www.frontiersin.org 2
Hospital of Nantong University between 2005 and 2011. Of the
393 samples, 298 were NSCLC (156 LUAD, 99 LUSC, and 43
lung adenosquamous carcinoma (LUAS)) and 95 were matched
paracancerous normal tissues. The clinical characteristics were
obtained from the patients’ medical records and included
complete clinical information and follow-up records. None of
the patients had been treated with radiotherapy, chemotherapy,
or targeted drugs before surgery, and none had a history of
cardiovascular or other neoplastic diseases. A tissue microarray
of the samples was fabricated using a manual Tissue
Microarrayer System Quick Ray (UT06, UNITMA, Korea) as
previously described (16). This study was approved by the
Human Research Ethics Committee of the Affiliated Hospital
of Nantong University, Jiangsu, China.

Immunohistochemistry Analysis (IHC)
Tissue microarray sections were deparaffinized and rehydrated
through a graded series of alcohol (100%, 95%, and 75%). Antigens
were retrieved by immersing the sections in citrate buffer at 99°C
for 30 min, and endogenous peroxidase activity was then
quenched by incubation in 3% H2O2. GPR115 expression was
detected by incubating the sections with a 1:200 dilution of anti-
GPR115 antibody (1:200 dilution, HPA007158, Atlas Antibodies)
at 4°C overnight followed by horseradish peroxidase-conjugated
secondaryantibodyat roomtemperature for 1h.Colordevelopment
was achieved with a 3,3′-diaminobenzidine solution (Kit-0015,
Maxim Biotechnologies, Fuzhou, China) and the sections were
then counterstained with hematoxylin. Slides were scanned using
an Automated Quantitative Pathology Imaging System
(PerkinElmer, Shanghai, China).

Staining was scored by a pathologist using a semi-quantitative
system based on the staining intensity and percentage of cells
stained. Intensity was scored as: 0 (negative, blue), 1+ (weak,
yellow), 2+ (positive, brown-red), and 3+ (strong, brown). The
H-score was calculated from the sum of the four staining intensity
scores× thepercentage of cells staining at that intensity,which gave
afinal scorebetween0and300.Themedian score, 183,was selected
as the cutoff value for dichotomizing samples into two group with
low (0–183) and high (184–300) GPR115 expression.

Cell Lines and Cell Culture
The human LUAD cell lines A549, H1975, SPCA, and H1650
were obtained from the Cell Bank, Type Culture Collection,
Chinese Academy of Science (Shanghai, China) and were
maintained in RPMI 1640 medium (Thermo Scientific/Gibco,
USA) supplemented with 10% fetal bovine serum (Thermo
Scientific/Gibco) in a humidified atmosphere of 5% CO2 at 37°C.

Western Blot Analysis
Cells were lysed in 500 ml of high-efficiency RIPA buffer (R0010,
Solarbio, Beijing, China) containing Phenylmethanesulfonyl
fluoride (PMSF, P0100, Solarbio, Beijing, China) on ice for 2 h
and then centrifuged for 10 min at 12,000 rpm. Protein
concentrations in the supernatants were measured using the
BCA method (BL521A, Biosharp, Hefei, Anhui, China). Proteins
were resolved by 10% SDS-PAGE and transferred to
polyvinylidene fluoride membranes (IPVH00010, Millipore,
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Massachusetts, USA). After blocking with 5% nonfat dried milk,
the membranes were incubated at 4°C overnight with primary
antibodies specific for: GPR115 (1:1,000, HPA007158, Atlas
Ant ibodies , Sweden) , E-cadher in (1 :100 , ab76055 ,
Abcam, Cambridge, UK), N-cadherin (1:1,000, ab18203, Abcam,
Cambridge, UK), Vimentin (1:100, ab8978, Abcam, Cambridge,
UK), and glyceraldehyde 3-phosphate dehydrogenase (GAPDH,
1:2000, AB-M-M001, Goodhere, Hangzhou, China). The
membranes were then incubated with corresponding secondary
antibodies and visualized using Enhanced Chemiluminescence
reagent (Beyotime Biotechnology, Shanghai, China). Images
were captured using a chemiluminescence imager (ChemiScopr
5300 Pro) and analyzed using ImageJ 1.51j8 software (National
Institutes of Health, Bethesda, MD, USA).

RNA Interference
Three small interfering RNAs (siRNAs) were designed to specifically
target GPR115: hs-GRP115-si-1 sense: 5′-GAUCCAAGAUUC
ACCUAAA-3′; hs-GRP115-si-2 sense: 5′-GGAUUUACAUGUA
AUCAAA-3′; hs-GRP115-si-3 sense: 5′-CAUUGAGAGUGUA
GCUCAA-3′ (Biomics Biotech, Nantong, China). And A control
scrambled siRNA sequence was also synthesized (sense: 5’-UUCU
CCGAACGUGUCACGU-3’). The optimal conditions for transient
transfection into NSCLC cell lines, determined in preliminary
experiments, were 75 pmol/well siRNA and 7.5 ml/well Lipofectamine
3000 (HanBio, Shanghai, China).

Cell Proliferation Assay
SPCA and H1650 cell proliferation was measured using a Cell
Counting Kit (CCK8, C2581, Sigma Aldrich, St. Louis, MO,
USA) according to the manufacturer’s description. In brief, the
cells were cultured in RPMI 1640 medium supplemented with
10% FBS for 0, 24, 48, or 72 h and then 10 ml of CCK8 reagent
was added to each well. Cells were cultured in the dark for an
additional 4 h, and the absorbance at 450 nm was measured
using a multifunctional enzyme labeling instrument (MK3,
Thermo Fisher Scientific). The experimental group was
repeated three times, and the final data obtained was
statistically and analyzed by Graphpad Prism 8.0 software. And
one-way ANOVA was used to analysis the relationship between
GPR115 expression and the proliferation ability of LUAD cells.

Wounding Healing Assay
After the cells grew to 90% confluence, the wound was scraped off
in the monolayer using a micropipette tip and placed in RPMI
1640 medium containing 1% FBS. The non-adherent cells were
washed gently with PBS. The wells were visualized immediately
before (0 h) and then at 24 and 48 h after incubation at 37°C using
an inverted microscope (DMI3000B, Leica). The experimental
group was repeated three times, and the wounding healing rate
was quantified by Image J 1.51j8 software (National Institutes of
Health, Bethesda, MD, USA). Finally, the association between
GPR115 expression and cell metastasis was analyzed by two-way
ANOVA by Graphpad prism v8.0 software.

Transwell Invasion Assay
Transwell chambers (Costar; Corning, New York, NY, USA)
coated with Matrigel (BD Biosciences, Franklin Lakes, USA)
Frontiers in Oncology | www.frontiersin.org 3
were used to measure the invasion of SPCA and H1650 cells.
Cells were harvested at 24 h after transfection, resuspended in
medium, and added to each upper chamber at 105 cells/well. 600 µl
RPMI-1640 that contained 10% FBS was added to the lower
chambers. Plates were incubated for 48 h, and the upper
chamber was removed, washed twice with phosphate buffered
saline (PBS; Maxim Biotechnologies, Fuzhou, China), fixed with
pre-cooled 4% paraformaldehyde for 30 min, and stained with
crystal violet for 10 min. The total number of invaded cells on the
lower side of the membrane were visualized and counted under an
inverted microscope at 200× magnification (DMI3000B, Leica).
Each experimental group was repeated three times, and the
invaded cell numbers were counted by Image J 1.51j8 software
(National Institutes of Health, Bethesda, MD, USA). Two-way
ANOVA was used to analysis the relationship between GPR115
expression and cell invasion by Graphpad prism v8.0 software.

Statistical Analysis
All data were analyzed using Prism 8 (GraphPad, La, Jolla, CA, USA)
or SPSS V.20.0 (IBM, Armonk, NY, USA) software. The relationship
between GPR115 expression level and clinicopathological features
was assessed using Pearson’s c2 test and Cox regression analysis. The
Kaplan–Meier method was used to evaluate the relationship between
gene expression and 5-year survival. P < 0.05 was considered
statistically significant.

Bioinformatic Analysis
The mRNA microarray and clinicopathology information in
LUAD and LUSC were directly obtained by The Cancer
Genome Atlas (TCGA, https://portal.gdc.cancer.gov/). One-
way ANOVA was used to analysis the relationship among
GPR115 expression, stage and lymph node metastasis by
Graphpad prism v8.0 software. And the limma package in R
(Version 4.0) was applied to normalization and screen the
differential expression genes (DEGs) between high GPR115
expression and low GPR115 expression. The cutoff criteria
were FDR-p value < 0.05 and |logFC| > 1. Then WGCNA
(Version 4.0), which was discover gene modules that were
highly related with clinical information (17), was used to
explore the co-expression similarity network of DEGs, and the
power value was set when scale free R2 > 0.9. Next, the GO and
KEGG analysis were constructed by ClusterrProfiler package
(Version 4.0) to identify the significant signaling pathway of
module DEGs, and P < 0.05 was thought to be statistically
significant. The heatmap of DEGs based differential expression
of GPR115 was performed by pheatmap package. Finally, the
Spearman’s and Pearson correlation analysis was obtained by
cBioPortal database (http://www.cbioportal.org) (18).
RESULTS

GPR115 Expression Is Upregulated in
NSCLC Tissues and Predicts Poor
Prognosis
Firstly, we found the highly expression of GPR115 in LUAD and
LUSC tissues by TCGA analysis. The expression of GPR115 was
November 2020 | Volume 10 | Article 577530
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FIGURE 1 | Expression of GPR115 mRNA and protein in NSCLC. The GPR115 mRNA expression and the relationship between tumor stage, lymph node
metastasis and overall survival in TCGA-LUAD (A) and TCGA-LUSC (B). (C) Positive for GPR115 protein expression in LUAD tissues (a1-a2), LUSC tissues (b1-b2)
and lung adenosquamous carcinoma tissues (c1-c2). Negative expression of GPR115 in normal lung epithelial tissue (d1-d2). a1-d1 had a bar with 500 mm; a2-d2
were a partial enlarge picture of a1-d1. GPR115 protein expression on cancerous cell cytoplasm was indicated by red arrows, and negative GPR115 protein
expression on non-cancerous cells was indicated by green arrows. (D) The relationship of GPR115 expression and tumor type. (E) The Kaplan-Meier overall survival
curves of GPR115 in NSCLC. Blue line, GPR115 low expression; green line, GPR115 high expression. *P < 0.05 indicated significant difference.
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significance different with LUAD stage and lymphatic metastasis
(P < 0.05). In addition, the higher GPR115 expression, the worse
the overall survival of LUAD patients, but not of LUSC (Figures
1A, B).

Subsequently, IHC analysis of 393 clinical specimens showed
that GPR115 was present in both the cytoplasm and membrane of
cancer cells (Figure 1C). Expression of GRP115 was quantified
using a combination of staining intensity score and the percentage
of positively stained cells (score range 0–300). Using the median
staining score of 183 as a cutoff, we classified the samples as having
low (<183) or high (≥184) expression of GRP115. Using this
system, more than half of the NSCLC tumor specimens were
classified as having high GRP115 expression (58.72%, 175/298)
comparedwith control samples (0.01%, 1/95, c2 = 115.1, P < 0.001,
Figure 1D). Correlation analysis (Pearson’sc2) indicated that high
GPR115 expression was significantly (P ≤ 0.05) associated with
tumor type, differentiation, tumor size, lymphnodemetastasis, and
tumor-node-metastasis (TNM) stage in NSCLC patients (c2 =
6.475, 18.473, 7.664, 17.269 and 13.816, respectively; all P < 0.05,
Table 1). And GPR115 expression level, gender, differentiation,
TNM stage, tumor size, and lymph node metastasis were
significantly correlated with 5-year survival of NSCLC patients in
univariate analysis (hazard ratio [HR]=1.967, 0.655, 1.458, 1.642,
1.429, and 1.580, respectively, all P < 0.05). But in multivariate
analysis, only GPR115 expression level remained potential
independent prognostic factors (HR = 1.625, P = 0.008, Table 2).
Kaplan–Meier survival curve analysis confirmed that the enhanced
of GPR115 was associated with poor prognosis in NSCLC patients
(Figure 1E).

GPR115 Expression Is Associated With
Clinicopathological Features, Including
Prognosis in LUAD, But Not in LUSC
Then the subgroup analysis of the relationship between tumor
GPR115 expression and clinicopathological features in the 156
LUAD and 98 LUSC cases identified several significant
correlations; namely, between GRP115 expression in LUAD
samples and differentiation, tumor size, lymph node infiltration
and TNM staging (c2 = 7.241, 9.299, 7.642 and 9.702, respectively;
all P < 0.05) and between GPR115 expression in LUSC samples
and differentiation (c2 = 9.240, P = 0.010, Table 3). For LUAD
patients, univariate analysis identified GPR115 expression, gender,
smoking, degree of differentiation, TNM stage, tumor size, and
lymph node metastasis were significantly related to 5-year overall
survival (all P < 0.05). In multivariate analysis, high GPR115
expression, gender and degree of differentiation remained
independent prognostic risk factors (HR = 1.706, 0.485 and
1.914, respectively; all P < 0.05). For LUSC patients, only TNM
stage and lymph nodemetastasis were significantly associated with
survival in univariate analysis, but neither were significant in
multivariate analysis (Table 4). Kaplan–Meier curves for the
LUAD patients were shown in Figure 2.

Downregulated of GPR115 Blocked Cell
Proliferation
Due to the remarkable tumor promotion effect of GPR115 in
LUAD, we analyzed the expression of GPR115 protein in four
Frontiers in Oncology | www.frontiersin.org 5
human LUAD cell lines (H1650, H1975, A549, and SPCA) by
western blotting. Based on their higher GRP115 expression level,
H1650 and SPCA lines were selected for subsequent experiments
(Figure 3A). To investigate the function of GPR115, the cells
were transfected with one of three siRNAs (hs-GPR115-si-1, -2,
and -3) or a control sequence (siRNA-NC). As shown in Figure
3B, the GRP115-specific siRNAs significantly decreased GPR115
expression compared with siRNA-NC (P < 0.05). The most
efficient knockdown was observed with hs-GPR115-si-2.

Next, we evaluated the effect of knockdown of GPR115 on the
proliferation of H1650 and SPCA cells by CCK8 experiment. The
results suggested that GPR115 knockdown significantly
suppressed the proliferation of H1650 and SPCA cells, and the
efficiency increased with time (Figure 3C).
TABLE 1 | Correlation of GPR115 expression in NSCLC tumor tissues with
Clinicopathology characteristics.

Characteristic Low
expression

High
expression

Pearson
c2

P

Total 123(41.28%) 175(58.72%)
Gender 1.149 0.284
Male 76(39.09%) 120(60.91%)
Female 46(45.54%) 55(54.46%)

Age 6.475 0.039*
≤60 73(46.79%) 83(53.21%)
>60 39(39.39%) 60(60.61%)

Smoking\ 0.021 0.884
No smoking 67(42.95%) 89(58.05%)
Smoking 23(41.82%) 32(58.18%)
Unknown 33 45

Type 6.475 0.039*
Lung
adenocarcinoma

73(46.79%) 83(53.21%)

Lung squamous
cell carcinoma

39(39.39%) 60(60.61%)

Adenosquamous
carcinoma

11(25.58%) 32(74.42%)

Unknown 0 13
Differentiation 18.473 <0.001*
Well 15(50.00%) 15(47.37%)
Middle 88(49.16%) 96(50.84%)
Poor 14(22.00%) 42(80.00%)

Unknow 6 11
T 7.664 0.022*
1 57(50.89%) 55(49.11%)
2 57(35.85%) 102(64.15%)
3 and 4 7(29.17%) 17(70.83%)
Unknown 2 1

N 17.269 <0.001*
0 89(50.68%) 86(49.14%)
1 17(25.76%) 49(74.24%)
2 15(27.78%) 39(72.22%)
Unknown 2 1
M 0.149 0.699
M0 119(41.18%) 170(58.82%)
M1 2(33.33%) 4(66.67%)
Unknown 2 1
TNM stage 13.816 0.001*

IA and IB 63(53.85%) 24(46.15%)
IIA and IIB 39(34.82%) 41(65.18%)
IIIA and IIIB and
IV

19(28.79%) 18(71.21%)

Unknown 2 1
Novemb
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Knock Down of GPR115 Inhibited Lung
Cancer Migration and Invasion
Cancer metastasis is the main reason for tumor recurrence and
high mortality, and more than 90% of cancer-related death occur
in metastatic tumor rather than primary tumors (19). To examine
the effect of GRP115 inmetastasis-related phenotype in LUAD, we
first measured the cell migration by wound healing assay, which
showed that the migration ability of H1650 and SPCA was
significantly suppressed compared with NC cells (Figure 4A).
We also assessed the invasion properties of LUAD cells by
Matrigel Transwell assay. Similar with the effect of GPR115
regulation on CCK8, silencing of GPR115 significantly inhibited
H1650 and SPCA cell invasion ability (Figure 4B).
Screening of Differentially Expression
Genes Associated GPR115
To detect genes that may be related to GPR115, we screened for
genes with expression significantly correlated with that of GRP115
(P <0.05 and logFC>1) in TCGA-LUAD cohort, using limma
package. A total of 908 genes were identified as significantly
related with high expression of GPR115, containing 378
upregulated genes and 530 downregulated genes. Then the gene
co-expression modules of up-regulated genes were constructed by
WGCNA package (The downregulated genes were not correlated
with overall survival of LUAD patients). By limiting the power value
to 6, a total of 9 co-expression modules were obtained, and the gray
module showed significantly associated with GPR115 expression,
overall survival, tumor stage, tumor size and lymph node metastasis
(all P < 0.05, Figures 5A, B).
Frontiers in Oncology | www.frontiersin.org 6
Identification of GPR115-Related Signaling
Pathway
To identify the significant signaling pathway, the GO and KEGG
enrichment analysis of gray module genes were performed. GO
analysis revealed significant enrichment in cornification, skin,
epidermis cell and keratinization development, extracellular
matrix organization and so on (Figure 5C). In KEGG analysis,
the genes were mainly enriched in “Protein digestion and
absorption”, “IL-17 signaling pathway”, “ECM-receptor
interaction”, “Cytokine-cytokine receptor interaction” and
“Focal adhesion”, which suggested that GPR115 might be an
intermediary for epithelial cell growth and metastasis
(Figure 5D).
The Molecular Mechanism of GPR115
Regulating Tumor Metastasis
As the significantly enrichment signaling pathway, ECM-
receptor interaction and Focal adhesion played an important
role in tumor proliferation, adhesion and metastasis in multiply
cancers. The violin plot showed the metastasis-related genes were
higher expression in LUAD tumor tissues (Figure 6A), but only
LAMC2, THBS2, ITGB4, COL1A1 and FLNC showed positively
correlated with poorer survival of LUAD (Figure 6B) and the
expression level of GPR115 (Figure 6C). Furthermore,
Cbioportal software was applied to identified the Spearman’s
and Person correlation coefficient between GPR115 and 5
differential expression genes, and the results pointed that
LACM2 was most relevant to GPR115 (Spearman r=0.67,
Pearson r=0.58, P < 0.05, Figure 6D).
TABLE 2 | Univariate and multivariable analysis of prognostic factors for 5-year survival in NSCLC.

Univariate analysis Multivariate analysis (adjusted for age)

HR P >|z| 95% CI HR P >|z| 95% CI

GPR115
High vs. Low

1.967 <0.001* 1.420–2.725 1.625 0.008* 1.135–2.328

Age (years)
≤60 vs >60

1.112 0.504 0.815–1.517

Gender
Male vs. Female

0.655 0.013* 0.469–0.916 0.709 0.064 0.493–1.020

Smoking
No vs. Yes

1.336 0.156 0.896–1.993

Type
1 vs. 2 vs. 3

1.108 0.331 0.901–1.363

Differentiation
Well vs. Middle vs. Poor

1.458 0.007* 1.110–1.916 1.270 0.118 0.941–1.713

TNM stage
1 vs. 2 vs. 3

1.642 <0.001* 1.355–1.990 1.435 0.090 0.946–2.177

T
1 vs. 2 vs. 3

1.429 0.005* 1.114–1.834 1.003 0.984 0.733–1.372

N
0 vs. 1 vs. 2

1.580 <0.001* 1.322–1.887 1.181 0.364 0.824–1.692

M
M0 vs. M1

0.992 0.988 0.316–3.107
Novem
ber 2020 | Volume 10
*P < 0.05.
Type 1, Lung adenocarcinoma; Type 2, lung squamous cell carcinoma; Type 3, Lung adenosquamous carcinoma.
TNM 1, IA and IB; TNM 2, IIA and IIB; TNM 3, IIIA; IIIB and IV.
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LAMC2 is an epithelial-specific basement membrane protein
that plays an important role in promoting tumor EMT. For EMT
transformation, the mesenchymal proteins containing N-
cadherin and Vimentin are enhanced and epithelial protein- E-
cadherin is inhibited. Consistent with this possibility, we found
that siRNA-mediated silencing of GRP115 in the lung cancer cell
lines resulted in upregulation of E-cadherin, an epithelial cell
marker, and downregulation of the mesenchymal cell markers
N-cadherin and Vimentin (Figure 6E).
DISCUSSION

In this study, we first confirmed that GPR115 was significantly
overexpression in NSCLC tissues than normal lung epithelial
tissue, which consistent with the higher expression found in
breast cancer and colon cancer (14). And higher GPR115 level
was closely associated with tumor type, differentiation, tumor
size, lymph node metastasis and TNM staging of NSCLC. And
higher GPR115 expression was established as independent risk
Frontiers in Oncology | www.frontiersin.org 7
factors for NSCLC. But after further analysis by pathology type,
we found that high GPR115 protein expression was significantly
associated with the tumor progression and prognosis of LUAD,
but not LUSC. The prognostic value reveled by this study was
inconsistent with the results of Weimin Zhang et al. (12). This
may be due to the fact that they used TRIM58 as the main
variable to screen GPR115 as a differential gene, and then
analyzed the significance of the prognostic risk by multiple
genes risk scoring system in LUSC, which lacking the rigor of
univariate. In summary, our research indicated that GPR115
might be a potential link between tumor progression and
prognosis survival, which may serve as a biomarker for
LUAD treatment.

aGPCRs are evolutionarily conserved and play crucial roles in
physiological functions such as immunity, fertility, and neuronal
function; however, they are also known to be involved in the
development of various tumors (20–23). Most aGPCRs contain
numerous domains associated with cell–cell and cell–matrix
interactions, including the epidermal growth factor-like,
thrombospondin, leucine-rich, and immunoglobulin domains,
TABLE 3 | Correlation of GPR115 expression in tumorous tissues with clinicopathologic characteristics in LUAD and LUSC patients.

Characteristic LUAD LUSC

Low expression High expression Pearson c2 P Low expression High expression Pearson c2 P

Total 73(46.79%) 83(53.21%) 39(39.39%) 60(60.61%)
Gender 0.026 0.873 3.238 0.072
Male 36(46.15%) 42(53.85%) 34(36.96%) 57(63.04%)
Female 37(47.44%) 41(52.56%) 5(71.42%) 2(28.57%)

Age 0.058 0.080 0.125 0.723
≤60 35(50.00%) 35(50.00%) 11(41.31%) 15(57.69%)
>60 38(44.19%) 48(55.81%) 28(38.36%) 45(61.64%)
Smoking 2.867 0.090 2.502 0.114
No smoking 47(49.47%) 48(50.53%) 14(35.90%) 25(64.10%)
Smoking 5(27.78%) 13(72.22%) 14(56.00%) 11(44.00%)
Unknown 18 25 11 24

Differentiation 7.241 0.027* 9.240 0.010*
Well 14(60.87%) 9(39.13%) 1(14.29%) 6(85.71%)
Middle 53(49.53%) 54(50.47%) 30(50.85%) 29(49.15%)

Poor 5(22.73%) 17(77.27%) 7(21.88%) 25(78.13%)
Unknow 5 5 1 0

T 9.299 0.010* 0.800 0.670
1 46(58.97%) 32(41.03%) 8(32.00%) 17(68.00%)
2 25(34.72%) 47(65.28%) 23(39.66%) 35(60.34%)
3 and 4 2(33.33%) 4(66.67%) 6(41.67%) 7(58.33%0
Unknown 0 0 2 1

N 7.642 0.022* 5.245 0.073
0 55(55.00%) 45(45.00%) 26(47.27%) 29(53.85%)
1 10(30.30%) 23(69.70%) 7(35.00%) 13(65.00%)
2 8(34.78%) 15(65.22%) 4(19.05%) 17(80.95%)

Unknown 0 0 2 1
M 0.321 0.571 0.634 0.426
M0 71(46.71%) 81(53.29%) 37(38.95%) 58(61.05%)
M1 2(50.00%) 2(50.00%) 0(0.00%) 1(100.00%)

Unknown 0 0 2 1
TNM stage 9.702 0.008* 3.691 0.158
1 39(61.90%) 24(38.10%) 17(45.95%) 20(54.05%)
2 24(36.92%) 41(63.08%) 14(42.42%) 19(57.58%)
3 10(35.71%) 18(64.29%) 6(23.08%) 20(76.92%)
Unknown 0 0 2 1
November 2020 | Vol
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*P < 0.05.
TNM 1, IA and IB; TNM 2, IIA and IIB; TNM 3, IIIA, IIIB and IV.
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and cadherin repeats, and there is increasing evidence for the
involvement of some aGPCRs in regulating cell proliferation and
metastasis (11). For example, mice lacking GPR56 develop brain
malformations due to aberrant migration of nerve cells (24).
ADGFR5 (CD97) induces RhoA activation by interacting with
the lysophosphatidic acid receptor 1 in thyroid cancer (25).
Similar with other aGPCRs, we further demonstrated that
knockdown of GPR115 expression in LUAD cells inhibited
Frontiers in Oncology | www.frontiersin.org 8
proliferation, migration, and invasion, which suggest that
GPPR115 was a tumor-promoting gene.

To further explore the molecular basis for the involvement of
GPR115 in LUAD, we screened the significant DEGs based on
high and low expression of GPR115 in TCGA-LUAD cohort.
Excluding 530 down-regulated genes unrelated to LUAD
prognosis, 378 up-regulated genes were included in WGCNA
analysis. And the gray module showed the highest correlation with
TABLE 4 | Univariate and multivariable analysis of prognostic factors for 5-year survival in LUAD and LUSC.

LUAD LUSC

Univariate analysis Multivariate analysis (adjusted for age) Univariate analysis Multivariate analysis

HR P >|z| 95% CI HR P >|z| 95% CI HR P >|z| 95% CI HR P >|z| 95% CI

GPR115
High vs. Low

2.192 0.001* 1.401–3.428 1.706 0.039* 0.940–3.097 1.735 0.193 0.833–2.442

Age (years)
≤60 vs. >60

1.223 0.364 0.792–1.887 0.818 0.477 0.471–1.422

Gender
1 vs. 2

0.516 0.003* 0.333–0.798 0.485 0.028* 0.254–0.926 0.902 0.842 0.327–2.489

Smoking
No vs. Yes

2.517 0.003* 1.378–4.595 1.615 0.201 0.755–3.367 0.804 0.531 0.407–1.589

Differentiation
1 vs. 2 vs. 3

2.410 <0.001* 1.578–3.681 1.914 0.026* 1.081–3.391 0.850 0.482 0.540–1.337

TNM stage
1 vs. 2 vs. 3

1.814 <0.001* 1.374–2.395 1.018 0.967 0.439–2.357 1.823 <0.001* 1.312–2.531 1.481 0.167 0.848–2.585

T
1 vs. 2 vs. 3

1.910 <0.001* 1.340–2.722 1.212 0.542 0.653–2.247 0.964 0.871 0.621–1.497

N
0 vs. 1 vs. 2

1.709 <0.001* 1.331–2.195 1.715 0.107 0.889–3.309 1.744 <0.001* 1.287–2.363 1.278 0.354 0.761–2.144

M
M0 vs. M1

1.137 0.857 0.028–4.626 4.229 0.159 0.567–31.521
November 2020
 | Volum
e 10 | A
*P < 0.05.
Gender 1, Male, Gender 2, Female.
Differentiation 1, well; Differentiation 2, Middle; Differentiation 3, Poor.
TNM 1, IA and IB; TNM 2, IIA and IIB; TNM 3, IIIA, IIIB, and IV.
A B C

FIGURE 2 | Kaplan-Meier survival curve of overall survival of LUAD patients. (A) The relationship of GPR115 expression and overall survival. Blue line indicated low
GPR115 expression. Red line indicated high GPR115 expression. (B) The relationship between sex and OS of LUAD patients. Orange line indicated female and blue
line meant male. (C) The relationship of differentiation and OS. Blue line, orange line and red line indicated well, middle and poor differentiation, respectively.
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A B

C

FIGURE 3 | Expression of GPR115 in LUAD cell lines and Effect of GPR115 on proliferation of LUAD cells. (A) The relative protein expression of GPR115 in four
LUAD cell lines. (B) The western blot analysis to select the most efficient siRNA in siGPR115-transfected cells, hs-GPR115-si-2 has the highest inhibition efficiency.
(C) CCK8 experiments demonstrated that the proliferation of LUAD cells was affected by the intervention of GPR115 expression. Data are presented as means ±SD,
* mean that P < 0.05, ** mean that P < 0.01, *** mean that P < 0.001.
A

B

FIGURE 4 | Effect of GPR115 on migration and invasion of LUAD cells. (A) Silencing GPR115 by hs-GPR115-si-2 reduced cell invasion by Transwell assay in
H1650 and SPCA cell lines, respectively (Typical photomicrographs are presented). (B) Down-regulated of GPR115 inhibited the migration of LUAD cell lines by
wound-healing assay. The scale bar means 100 mm. Data are presented as means ±SD, ** P < 0.01.
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GPR115 expression, overall survival, tumor stage, tumor size and
lymph node metastasis. Then GO analysis indicated GPR115-
related genes of gray module were strongly associated with skin,
epidermis cell and keratinocyte development, which was
consistent with the higher GPR115 expression in human skin
tissues (26). And KEGG pathway enrichment analysis illustrated
that ECM-receptor interaction and Focal adhesion were interested
with DEGs. The role of ECM and focal adhesion were proved in
various tumors. ECM was abnormal expression in prostate cancer,
gastric cancer and glioblastoma, and involved in tumor cell
metastasis and infiltration (27–29). And the progression of
epithelial mesenchymal transition (EMT) in colorectal cancer
was activated by ECM (30). Focal adhesion kinase is a non-
Frontiers in Oncology | www.frontiersin.org 10
receptor tyrosine kinase that is involved in multiple signal
transductions such as tumor proliferation, migration and
vascular regeneration (31). In conclusion, these results
determined the indispensable role of GPR115 in LUADmetastasis.

By calculated the correlation coefficient of GPR115 and ECM/
Focal adhesion related genes, we found that LAMC2, the highest
relevant gene, was remarkedly elevated in tumor tissues and
positively associated with poor prognosis. LAMC2 is a subunit of
the heterotrimeric glycoprotein laminin 332, which serves as a top
mesenchymal marker (32). It has been reported that LAMC2
promotes cell invasion and migration by mediating EGFR
activation and inducing the EMT process of CCA cells (33).
Moon et al. also found that LAMC2 upregulates the
A B

DC

FIGURE 5 | The function enrichment analysis of DEGs. (A) The WGCNA dendrogram for 378 up-regulated DEGs. (B) Heatmap of the correlation between co-
expression module eigengenes and clinical traits (including GPR115 expression group). Each cell contained the corresponding correlation coefficient and p-value.
The GO biological function analysis (C) and KEGG pathway analysis (D) of DEGs in gray module.
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mesenchymal marker -Vimentin expression in LUAD cells and
enhances cell traction, proliferation and migration (34). For EMT
transformation, on one hand, the decreased of epithelia marker
N-cadherin inhibited cell adhesion. On the other hand, the
epithelial cancer cells express mesenchymal proteins such as
vimentin and N- cadherin, and become mesenchymal cells,
ready for migration (35). Indeed, we found that siRNA-mediated
downregulation of GPR115 greatly increased the expression of E-
cadherin and decreased the expression of N-cadherin, and
vimentin, which indicated that GPR115 may serve as a
contributor in EMT. Therefore, we speculated that LAMC2 as an
intermediatemolecule ofGPR115 regulatedEMTprogression, and
inducingmalignant phenotype of tumor. Fortunately, it was found
that the high expression of GPR115 was accompanied by the
increase of LAMC2 in the TCGA analysis. We have reason to
believe that GPR115 cooperates with the high expression of
Frontiers in Oncology | www.frontiersin.org 11
LAMC2 to induce the mesenchymal changes of LUAD epithelial
cells, thereby achieving the purpose of promoting metastasis.

In conclusion, this study was the first to determine GPR115
expression pattern in NSCLC, its value as a prognostic marker
for LUAD patients, and its functional role as a tumor promoter.
We also identified LAMC2 with significantly related expression
to GPR115 that promotes tumor metastasis for LUAD.
Collectively, these data suggest that GRP115 may play
important roles in the development of LUAD and may have
utility as diagnostic biomarkers and/or therapeutic targets. And
GPR115 might activated tumor malignant progression by
correlated with LAMC2 to enhanced EMT development.
However, the limitations of this study were that it involved
only in vitro study. And as a retrospective study, the results in
this study are susceptible to sample size and selection bias,
although we try to expand the sample size as much as possible.
A B

D

E

C

FIGURE 6 | The molecular mechanism of GPR115 regulating tumor metastasis. (A) The differential expression of ECM receptor interaction/Focal adhesion related
genes in LUAD. (B) The relationship of metastasis-related genes with overall survival of LUAD patients. (C) Heatmap showed the relationship of GPR115 expression
level and corresponding survival-related genes. (D) Scatter plot showed correlation of GPR115 and LACM2, ITGB4, FLNC, THBS2 and COL1A1. P < 0.05 was
considered statistically significant. (E) Western Blot confirmed that GPR115 promotes the downregulated of E-cadherin and the elevated of N-cadherin and Vimentin,
**P < 0.01.
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Next, we will try to construct a GPR115-deletion mouse model to
verify that GPR115 regulates tumor proliferation and metastasis,
which was important to further promote our results toward
clinical applications.
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