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Introduction: GPR176, an orphan G protein-coupled receptor (GPCR), is essential for the progression of gastrointestinal cancers.
However, it is still unclear how GPR176 affects tumor immunity and patient prognosis in gastric cancer (GC).

Methods: The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) were searched in this investigation to assess
the expression patterns of GPRI76 in GC tissues and normal gastric mucosa. The findings were further verified using
immunohistochemical tests and quantitative Real-Time Polymerase Chain Reaction (qQRT-PCR). The Kaplan-Meier method,
univariate logistic regression, and Cox regression were then used to investigate the relationship between GPRI76 and clinical
traits. Additionally, the potential correlation between GPRI76, immune checkpoint genes, and immune cell infiltration levels was
investigated.

Results: As per the research findings, GC tissues had higher levels of GPR176 than normal tissues. Additionally, individuals with high
expression of GPRI76 had a worse 10-year overall survival (OS), in contrast with those having a low expression of GPR176 (p <
0.001). The OS of GC can be predicted using a validated nomogram model. The expression of GPRI76 demonstrated a negative
correlation with CD8+ T cells. When compared to the low-expression group of GPR76, Tumor Immune Dysfunction and Exclusion
(TIDE) analysis demonstrated that the high-expression group had a considerably higher risk of immune evasion. A remarkable
difference (variation) was observed in the levels of GPR176 expression across both groups, ie, low and high-risk groups, as determined
by the immune phenomenon scores (IPS) immunotherapy assessment.

Conclusion: By examining GPRI76 from various biological perspectives, it was determined that GPRI76 can act as a predictive
biomarker for poor patient prognosis in GC. Additionally, it was observed that GPRI76 is capable of suppressing the proliferation of
CD8+ T cells and facilitating immune evasion.
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Introduction

G protein-coupled receptors (GPCRs) have emerged as important pharmacological targets due to their numerous
therapeutic uses." These cell surface receptors represent the largest family of receptors and are involved in signaling
various stimuli, such as hormones, growth factors, lipids, both peptide and non-peptide neurotransmitters, as well as light
and smell.> GPR176 belongs to a family of orphan GPCRs known for transcriptional responses in human breast cancer.>*
In vivo, GPR176 undergoes N-glycosylation, a crucial modification that ensures the accurate expression and functionality

of the protein.’
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GC occupies the fifth position in the worldwide prevalence of malignant cancers and constitutes the fourth leading
cause of cancer-related deaths. The year 2020 witnessed almost 769,000 deaths attributed to GC.® The treatment
modalities for GC include chemotherapy, radiation therapy, gastrectomy, targeted therapy, and immunotherapies.’
Despite the recent advancements in therapeutic interventions, the mortality rate associated with GC remains substantially
high.®

The tumor immune microenvironment (TIME) stimulates the progression of GC and is involved in patient
prognosis.”'® TIME primarily consists of immune cells, tumor stem cells, fibroblasts, and extracellular matrix. The
presence of tumor-infiltrating lymphocytes (TILs) and immune cells within the TIME can be used for predicting the
prognosis of various malignancies.'''? In addition, TILs serve as reliable indicators of immunotherapeutic response.'' ™'
Immune checkpoint inhibitors (ICI) have yielded modest survival benefits in GC, with anti-PD-1 therapy especially
improving OS at 12 and 18 months, and have shown encouraging results in the treatment of a number of malignancies,
including melanoma, Hodgkin’s lymphoma, and glioma.'*'® Thus, TIME is an important predictor of immune check-
point blockade (ICB) response and improves the efficacy of current ICB therapy.

The purpose of the current investigation was to investigate the function of GPR176 expression in the GC cohort and
its association with prognosis. The association between GPRI76 expression, infiltrating immune cells, and markers of
immune status were also explored. The findings suggested that GPR176 possesses a significant role in immunotherapy
and immune escape in GC.

Methodology

Dataset Source and Pre-Processing

33 TCGA pan-cancer data containing RNA sequencing (RNA-seq) expression profile data were downloaded from the
UCSC Xena data portal (https://xenabrowser.net/). RNA sequencing (RNA-seq) data in the form of FPKM values for
patients with GC, along with clinical data (including survival information) for 375 GC and 32 normal tissue samples,

somatic mutation data, immune subtypes, methylation data, and clinical disease-specific survival (DSS), disease-free
interval (DFI), and progression-free interval (PFI) data for pan-cancer patients were provided by the UCSC Xena and
TCGA."""' Additionally, the GEO dataset, comprising GSE13911, GSE66229, and GSE54129 as study subjects, was
integrated (Table 1).2° The R software (version 4.1.2) was employed to examine the expression levels of GPRI76 in GC
and healthy gastric tissues.”'

Clinical Sample Collection

Samples were obtained from individuals who underwent GC surgery at the Department of Gastrointestinal Surgery of
The First Affiliated Hospital of Bengbu Medical College between January 2017 and December 2018. Specifically, ten
samples of GC tissue and their corresponding paraneoplastic tissues were obtained for qRT-PCR. In addition, 124
samples of GC tissue and 10 normal paraneoplastic tissues were collected for immunohistochemical staining. Notably, no
patient received biological therapy, chemotherapy, or radiotherapy prior to or following surgery. The tissue samples were
then kept at —80°C until protein extraction.

Table | The Information of the Utilized GEO Datasets in Our Study

Data set Topics Number of Samples

GSEI3911 Expression data from primary gastric tumors (MSI| and MSS) and adjacent normal samples 38 gastric tumors 31 normal gastric
GSE66229 | Molecular analysis of gastric cancer identifies discrete subtypes associated with distinct clinical | 302 gastric tumor 98 normal gastric
characteristics and survival outcomes: the ACRG (Asian Cancer Research Group) study

GSE54129 Global gene expression analysis of gastric cancer by oligonucleotide microarrays 21| gastric tumors | | | normal gastric

Abbreviations: GC, gastric cancer; GPR176, G protein-coupled receptor 176; TCGA, The Cancer Genome Atlas; GEO, Gene Expression Omnibus; OS, overall survival;
GSEA, Gene set enrichment analysis; IHC, Immunohistochemistry; RT, room temperature; qRT-PCR, Quantitative reverse transcription polymerase chain reaction; DCs,
resting dendritic cells; KM, Kaplan-Meier; FDR, false discovery rate; TME, tumor microenvironment; ICl, Immune checkpoint inhibitor; ICB, immune checkpoint blockade;
MSigDB, Molecular Signatures Database; FDRs, false discovery rates; TIMER, Tumour Immune Estimation Resource; TCIA, The Cancer Inmunome Database; IPS, immune
phenomenon scores; TIDE, Tumour Immune Dysfunction and Exclusion.
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Experimental Materials

Abcam (ab122605) provided the rabbit anti-human antibody GPR176 (100uL), UK. Moreover, Horseradish peroxidase
(HRP) coupled with an anti-rabbit antibody was supplied by Jackson ImmunoResearch Inc. (US). Sigma-Aldrich
provided bovine serum albumin (US). Sangon Biotech Co., Ltd. provided skimmed milk and Tween-20 (China). The
TRIzol reagent was acquired from Thermo Fisher Scientific (US). TaKaRa (Japan) provided PrimeScriptTM 1st Strand
cDNA Synthesis Kit, while TOYOBO (Japan) provided the SYBR Green Real-Time PCR Master Mix.

Immunohistochemistry (IHC)

The tissue samples were fixed in 4% paraformaldehyde, paraffin-embedded, and sectioned before being attached to
slides. These slides were subjected to deparaffinization, rehydration, and xylene density gradients. Antigen extraction
was then accomplished using citrate buffer (pH 7.8, 0.1M) for 24 minutes at approximately 82°C. The endogenous
peroxidase-blocking solution was uniformly applied to coat the slides for fifteen minutes at room temperature in order to
prevent peroxidase activity. Overnight incubation with anti-GPRI76 primary antibody was carried out on the slides,
followed by gentle rinsing with PBS. The slides were then exposed to a biotin-conjugated secondary antibody for 10
minutes at room temperature, followed by 5 minutes of incubation with streptavidin peroxidase. A hematoxylin dye wash
was then used to remove any remaining debris from each slide. Hematoxylin dye wash was used to eliminate any residual
debris on each slide. An immunohistochemistry examination could then be performed following slide drying and
washing.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)

To extract total RNA, TRIzol reagent was employed, followed by reverse transcription of the extracted RNA to produce
DNA employing the RevertAid First Strand cDNA Synthesis Kit. SYBR Green Realtime PCR Master Mix was utilized
to extract the cDNA. The primers utilized for qRT-PCR tests for human GRP176 were as follows: 5'-
AAGGTGTTCTGCTCGGTGAC' (forward) and 5'-GAGGGTAGAGGACTGAATAGTACCTG-3' (reverse). GAPDH:
5-AAGGTGTTCTGCTCGGTGAC-3' (forward) and 5'-GAGGGTAGAGGACTGAATAGTACCTG-3' (reverse) served
as an internal control. Each sample from the respective groups was tested thrice, and the data from qRT-PCR were
examined using paired Student’s t-tests.

Somatic Mutation Analysis

Two mutation profile groups (GPRI76-high and GPRI76-low) were developed through the comparative analysis of
GPRI176 gene transcriptional levels in the initial cohort. The “oncoplot” function® in the “maftools” package®® of the
“R” was employed to create the mutation maps for the two groups. Subsequently, the “mafCompare” function®® was used
to evaluate the mutant gene distribution, which exhibited significant differences between the two groups.

The Link of GPR176 Expression with the Clinical Features of Individuals with GC

The median value of the GPRI76 expression was utilized to determine the expression threshold. To examine the
association between GPR76 expression and the clinical characteristics of patients with GC, univariate logistic regression
was used. The Kaplan-Meier curve and the Log rank test were used to compare the 10-year OS.

Constructing and Evaluating the Nomogram for Individuals with GC

To predict the OS of patients with GC at 1, 3, and 5 years, a nomogram model was developed based on the results of the
univariate and multivariate Cox regression analyses. The “RMS” package®® of the ‘R’ was utilized for the assessment of
the nomogram. Calibration curves were constructed to compare the actual values with the predicted probabilities by the
nomogram, using the Kaplan-Meier method. A well-calibrated nomogram prediction model revealed scatter points that
fall on a 45° diagonal line. The Harrell concordance index (C-index), which ranged from 0.5 to 1, was used to evaluate
the accuracy of the predictions made by the nomogram model. There was a 0.05 significance level for each test in all
two-tailed statistical analyses in the present research.
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Evaluation of the Immunological Features of the Tumor Microenvironment (TME) of GC
To examine the relationship between GPR176 expression and immune cell infiltration, the immune infiltration levels of
22 immune cell types were estimated by the “preprocessCore” package®> and CIBERSORT algorithm.?® In addition, the
link between the expression of GPR/76 and 22 immune checkpoint molecules was assessed using the TCGA database
and Tumour Immune Estimation Resource (TIMER).?’ P-value <0.05 indicated the significant level.

Functional Analyses of GPR/76 in GC

To gain insight into the roles played by GPRI76 in GC, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) functional enrichment analyses were done by clusterProfiler package. The three categories of the GO
enrichment analysis were biological processes, cellular components, and molecular functions. Moreover, enrichment
analyses of DEGs (DEGs) were carried out using the clusterProfiler tool, and a bubble graph was created to show the key
signaling pathways linked to these DEGs. The candidate genes were divided into two groups for gene set enrichment
analysis (GSEA) based on the mean of the risk score: high-risk group and low-risk group. The Molecular Signatures
Database, MSigDB (https://www.gsea-msigdb.org/gsea/msigdb), provided functional predefined gene sets. The candidate

genes involved in the pathway with the screening criteria of p < 0.05 and false discovery rate (FDR) < 0.25 were
considered significantly enriched. The normalized enrichment score and adjusted p-value were used to identify signaling
pathways that are significantly enriched.

Statistical Analysis

The data analysis in this research was conducted utilizing R software (version 4.1.2),® GSEA (version 4.2.3),”’ and Perl
(version 5.32.1.1).%° The statistical methodologies employed in the investigation were described, along with the relevant
R software packages employed. A cut-off criterion of p < 0.05 was established.

Results
The Level of GPRI76 Expression Was Elevated in Human Gastric Tissues

The differential expression analysis of Pan-cancer revealed varying expression levels of GPR176 across different types of
cancers. Notably, GPR176 was significantly downregulated in invasive breast carcinoma, kidney chromophobe, and other
types of cancers, while it was significantly upregulated in GC, cholangiocarcinoma, and other cancers (p < 0.05,
Figure 1A). The expression of GPRI76 was further validated using information from TCGA and GEO datasets
GSE13911, GSE66229, and GSE54129. The statistical significance criterion for all datasets was p < 0.001
(Figure 1B-E). Additionally, evaluation of the expression levels of GPRI!76 mRNA in 32 pairs of adjacent normal
and tumor tissues from the TCGA database revealed that the expression level was considerably greater in the tumor
tissues than in adjacent healthy tissues (p < 0.001, Figure 1F). Moreover, qRT-PCR analysis showed that GC tissues
expressed more GPRI76 mRNA than normal tissues (p < 0.01, Figure 1G). Immunohistochemical staining of GC tissues
and paraneoplastic tissues showed that GPR176 levels were considerably elevated in GC tissues in contrast with those in
parancoplastic tissues (Figure 1H). We retrieved the Immunohistochemical staining data from the Human Protein Atlas
(HPA).*' Immunohistochemical staining also showed that GPR176 levels were higher in GC tissues than in paraneo-
plastic tissues (Supplementary Figure SIA-D).

Prognostic Analysis of GPRI76 in GC

In order to determine the prognostic value of GPR176 in GC, the Kaplan-Meier method was used to verify the survival of GC
patients with varying levels of GPR176 expression in TCGA and two online databases. The results showed that low-GPR176
expression individuals had a better 10-year OS as compared to those with high expression (p < 0.05, Figure 2A—C). The
expression data of GPR176 and survival information from the TCGA database were combined, and we then plotted ROC
curves for 1-, 3-, and 5-year patient survival, where the area under the curve (AUC) was 0.586 for 1 year, 0.649 for 3 years,
and 0.793 for 5 years. These findings indicated that the ROC curve for GPR176 expression was relatively less accurate in
predicting the 1-year and 3-year survival but more accurate in predicting 5-year survival with relatively high accuracy
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Figure | GPRI76 expression in cancer tissues and surrounding normal tissues. (A) Variation in GPRI76 expression between tumor and healthy tissues in pan-cancer. (B)
Upregulation of GPRI 76 expression in the TCGA cohort. The GSEI3911 (C), GSE66229 (D), and GSE54129 (E) datasets exhibit an increase in GPRI76 expression in GC
tissue. (F) GPRI76 overexpression in the tumor as compared to the paraneoplastic tissues in the TCGA cohort. (G) A remarkable increase in GPRI76 expression in GC
tissues as compared to healthy tissues using qRT-PCR. (H) An analysis of immunohistochemical staining indicating higher expression of GPRI76 in GC as compared to
adjoining healthy tissues. The p-values for significance levels are denoted by *p < 0.05; **p < 0.01; **p < 0.001.
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Figure 2 Prognostic analysis of GPRI76 in GC. (A) The Kaplan-Meier analysis of OS of individuals with GC based on the GPRI/ 76 gene expression in the TCGA database.
(B and C) The association of GPR/76 expression with OS in GC patients using the Kaplan-Meier Plotter and GEPIA online databases, respectively. (D) The Receiver
Operating Characteristic (ROC) curves of GPRI76 expression. (E) A nomogram model that was established to predict the |-, 3-, and 5-year OS probability of individuals
with GC. (F) The calibration curves of the nomogram model for predicting the probability of the |-, 3-, and 5-year OS of individuals with GC. (*p < 0.05; **p <0.01).

(Figure 2D). A nomogram was created in an attempt to provide a novel model for predicting the prognosis in individuals with
GC (Figure 2E). It was discovered that the bias-corrected 1, 3, and 5-year lines of the calibration plot were relatively close to
the ideal 45° diagonal line, demonstrating that the theoretical and observed values were in accordance (Figure 2F). The above-
mentioned results revealed that the nomogram model can be used to predict OS of individuals with GC. We also found that
high GPR176 expression was an unfavorable predictor of GC DSS (p = 0.039), and it could not be used as a predictor of PFI (p
= 0.148) and DFI (P=0.474) (Figure 3A—C). Univariate Cox regression analysis showed that pathological stage and age were
strongly associated with the OS of GC patients and that GPR176 had a statistically significant prognostic value for GC patients
(p = 0.006, Figure 3D). Further multivariate analysis showed that pathological stage and age were strongly associated with the
OS of GC patients and that the prognostic value of GPR176 for GC patients was not statistically significant (p = 0.068,
Figure 3E). Together, our results suggest that upregulated GPR176 expression predicts a poorer prognosis for GC patients.

Link of GPRI76 Expression Level with Clinicopathological Features and Prognostic

Significance of Individuals with GC

After eliminating any duplicates from the dataset, the investigation included 375 patients, of which 241 (64.3%) were
males, and 134 (35.7%) were females. The findings indicate that GPR176 expression levels were correlated with T-phase,
stage, and G-phase (Figure 4A—G). Additionally, a correlation heat map was constructed (Figure 4H), revealing that the
GPRI176 gene is most likely involved in tumor progression.
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Figure 3 Prognostic analysis of GPRI/76 in GC. (A—C) Kaplan-Meier analysis of DSS, PFS and DFS of GC patients with GPRI76 gene expression in the TCGA database.
(D and E) The results of univariate (D) and multivariate Cox regression (E) for the OS of patients with GC are shown in forest plots.

Expression of GPRI76 in GC in Relation to Somatic Mutations, Methylation, Tumor
Mutational Load, and TME

The 20 genes exhibiting the highest mutation frequencies were separately plotted for the low- and high-expression
groups. The findings suggest that genes with low expression exhibited higher mutation frequencies. For instance, TTN
had a lower mutation rate in the high-GPR176 cohort when compared to the low-GPR176 cohort (40% vs 53%,
Figure 5A and B). Gene co-expression circle plots were generated using GC expression in the TCGA database, revealing
that GPR176 showed a positive correlation with MMP2, KIRREL, PDGFRB, ANTXRI, NID2, and FSTLI, as well as
a negative correlation with 7SN, ATP5SMK, CXO411, COX7B, and ATP5SMC3 (Figure 5C). The mean methylation value of
all methylation sites in the GPRI176 gene was used to obtain the methylation degree of the gene, revealing a negative
relationship between the GPRI76 expression and its methylation degree (R =—0.13, p = 0.017, Figure 5D). Furthermore,
GPR176 expression presented a negative correlation with the tumor mutational burden (TMB) (R = —0.26, p < 0.001,
Figure 5E). TME scores were then calculated for the low- as well as high-expression groups of GPRI76, using GC
expression profiles in the TCGA database and the “estimate” package® in R language. Subsequent TME differential
analysis indicated upregulation of the ImmuneScore, ESTIMATEScore, and StromalScore of TMB in the high expression
group of GPRI176 (Figure 5F).
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Figure 4 Link of GPR| 76 expression level with clinicopathological features. (A-G) The link between GPRI76 expression level and various clinicopathological features for age
(A), gender (B), stage (C), T classification (D), N classification (E), M classification (F), and Grade (G). (H) A heatmap showing the relationship between GPR/76 expression

level and the clinicopathological features of individuals with GC. (*p < 0.05).

Functional Analysis of GPR176 in GC
The samples from GC were classified into low- and high-GPR176 expression groups. The DEGs between the two groups
were identified using fdrFilter = 0.05, and 1061 DEGs were identified. A heat map was generated to visualize the DEGs
(Figure 6A). To further explore the role of the discovered genes, KEGG and GO analyses were performed. The KEGG
analysis showed that DEGs were considerably enriched in the pathways related to calcium signaling, PI3K-Akt signaling,
and neuroactive ligand-receptor interaction (Figure 6B and C). The GO analysis of biological processes revealed that
these DEGs were involved in the formation and organization of the extracellular matrix as well as the organization of
extracellular structures. The cellular component analysis also revealed that DEGs were enriched in the extracellular
matrix that contains collagen, and the neuronal cell body. A molecular function analysis revealed that DEGs were
primarily found in the extracellular matrix structural component and glycosaminoglycan binding (Figure 6D-F).
GSEA analysis was utilized to show the ten leading pertinent signaling pathways of GPR176 in GC (Figure 6G). The
enrichment analysis results showed that pathways associated with cellular functional structure and differentiation as well
as immune and inflammatory responses were enriched in the GPR176 high expression group, including focal adhesion,
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Figure 5 Expression of GPRI76 in GC in relation to somatic mutations, methylation, TMB, and TME. (A and B) Somatic mutations in high- and low-GPRI76 expression
groups. (C) GPRI76 co-expression analysis. The red connecting line highlights a positive correlation, and the green line highlights a negative correlation. (D) Correlation
analysis of GPRI76 gene’s expression and methylation. (E) Correlation analysis of the GPRI76 gene’s expression with the TMB. (F) StromalScore, ImmuneScore, and
ESTIMATEScore of the TME differed between the high and low GPRI76 expression groups. (***p < 0.001).

ECM receptor interaction, chemokine signaling pathway, cell adhesion molecules cams (Figure 6H-K). Collectively,
these findings indicate that GPRI76 is an immune-linked gene that might be involved in the inflammatory response,
angiogenesis, and tumor immune response, promoting gastric carcinogenesis and progression.

Correlation Analysis of GRP176 Expression with 22 GC Common Immune

Checkpoint Genes

Next, the interaction of GPR176 with 22 immune checkpoint genes was analyzed (Figure 7). The findings highlighted
that 15 of the 22 immune checkpoint genes were remarkably higher in the high-GPR176 expression group than in the
low-expression group (Figure 7A, P<0.05). Using the Tumor Immune Estimation Resource (TIMER) site’® we also
found that the expression levels of most immunological checkpoint molecules, such as CD274, CTLA4, and PDCDI,
were positively linked with GPR176 expression levels (Figure 7B—W, P<0.05). Therefore, it could be hypothesized that
GPR176 may be involved in the regulation of immune cell infiltration patterns.

GPR176 Inhibits the Proliferation of CD8+ T Cells and Mediates Immune Escape in GC
The study utilized the CIBERSORT algorithm to validate the association between GPRI76 and immune cells. To
categorize patients with C based on GPRI76 expression, the median expression was used to create low- and high-
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expression groups. The proportion of 22 immune cell types was compared in the two groups (Figure 8A). GPR176 was
negatively associated with T cells CDS8, resting mast cells, activated NK cells, and macrophages M1 and positively
associated with macrophages M0, activated mast cells, and macrophages M2 (Figure 8B, P<0.05). Analysis performed
using TIMER?® revealed that GPR176 expression in XCELL** and EPICS®® algorithms was negatively correlated with
CD8+ T cells (Figure 8K and L). Prior studies have classified the TME into two subtypes, an inflammatory TME
dominated by T-cell infiltration and a non-inflammatory TME dominated by T-cell suppression. Tumors with T-cell
inflammation contain abundant CD8+ T cells and CD8a/CD103-lineage DCs, while tumors without T-cell inflammation
lack these cells but contain blood vessels, macrophages, and fibroblasts, thus supporting tumor growth.*®*” This study
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(P<0.05).

proposes that GPR176 shapes a non-inflammatory TME (immune-exclusion phenotype) in GC. Also, the Tumor Immune

Dysfunction and Exclusion (TIDE)*® scores were considerably greater in the group with high GPRI76 expression

compared to the group with low GPRI76 expression, showing that high GPRI76 expression contributes to immune

evasion in the GC-related tumor immune microenvironment (TIME) (Figure 8J).
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Expression of GPRI76 in GC and Evaluation of Clinical Treatment

The R language “pRRophetic” package was utilized to produce box plots illustrating the drug treatment sensitivity in
patients belonging to high- and low-GPR176 expression groups (pFilter = 0.001). A total of 63 drugs associated with
GPR176 treatment were selected (Figure 9A-D, Supplementary Figures S2 and S3. Patients with GC exhibiting high
GPRI176 expression levels demonstrated sensitivity to ciprofloxacin and dasatinib treatments while displaying insensi-
tivity to 5-fluorouracil and bosutinib. Analysis of immune phenomenon scores (IPS) through TCIA,** revealed remark-

able variation in the efficacy of various immunotherapies between the low and high GPRI76 expression groups
(Figure 9E-H).
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Discussion

To date, no prior research had been performed on the relationship between GPR176 and GC. In this study, it was revealed
that GC tissues had significantly higher levels of GPR176 expression. The survival analysis found a link between high
GPR176 expression and a poor prognosis in GC. ROC analysis suggests that GPR/76 may serve as a predictive
biomarker with a low predictive value (AUC between 0.7-0.8 was considered moderate). Furthermore, high GPRI76
expression is considerably linked to the grade and T stage of the GC. Therefore, GPR76 may function as a biomarker for
a poor prognosis in GC.

There is substantial proof to validate the vital role of GPCRs in the progression of gastrointestinal cancers.*” One
orphan GPCR, GPR176, which is rich in SCN, has been implicated in the regulation of the biological clock in the
suprachiasmatic nucleus as well as in the transcriptional response of human breast cancer.**! GPCRs are a known class
of cell surface molecules that performs a very important role in signaling and have recently been implicated in the
development and metastasis of tumors.*” Many GPCRs are linked to tumor formation, progression, invasion, and
metastasis. In addition, GPCRs contribute to establishing and maintaining a microenvironment that allows tumor
formation and growth, including effects on the peripheral vasculature, signaling molecules, and extracellular matrix.*’
GPCRs are targeted by about 30% of currently available medications, making them the most common group of gene
products.** Mutations in GPCRs can lead to acquired and inherited diseases, including retinitis pigmentosa, hypothyr-
oidism, hyperthyroidism, nephrogenic uremia, fertility disorders, and cancer.*’

Previous research has clearly shown a link between immune escape, tumor immune infiltration, and cancer prognosis
and treatment responsiveness.*® ** The majority of the tumor cells produce antigens that can mediate recognition by host
CD8+ T cells. Immune escape can be separated into two groups based on the TMB. One major subset displays a T cell-
inflamed phenotype and resists immune attack through the dominant inhibitory effects of immune system-suppressive
pathways. The other subset lacks this phenotype and resists an immune attack by either excluding or ignoring the
immune system.*” For a molecule to be an effective target for cancer immunotherapy, it must demonstrate TME-specific
overexpression and immunosuppressive function.’® To identify the prospective role of GPR176 in GC and its expression
in the TME, GC cohorts were analyzed from 3 GEO datasets of the TCGA database. The findings revealed that GPR176
expression was considerably overexpressed in GC tumor tissues, which was confirmed by qRT-PCR and immunohisto-
chemical experiments. The current study also revealed that GPRI76 was negatively associated with the immunological
status of TME in GC, and GPR176 positively correlated with most immune checkpoints in GC, including LAG-3, PD-L],
PD-1, and CTLA-4, that suppress the effector function of T cells and impede the anti-tumor immunity of the body. Using
the CIBERSORT algorithm, a remarkable downregulation was observed in the activity of T cell recruitment in the high
GPR176 group, GPRI76 was correlated negatively with CD8+ T cell and NK cell activation, and the level of TIIC
infiltration was significantly reduced. These findings highlight that GPR176 could inhibit the proliferation of CD8+
T cells so as promote immune escape. Subsequently, the TIDE score revealed a greater potential for immune escape in
the high GPR176 group. Therefore, targeting GPRI176 in GC could reduce the potential for immune escape and thus
enhance the efficacy of immunotherapy. Our study has some limitations. Our exploration of the role of GPRI76 in GC
was based on data from the GEO and TCGA databases. However, we did not perform relevant experiments to confirm the
link between GPR176 and immune cells infiltrating TME, which points the way for our future work. Secondly, the effect
of GPR176 with patient immunotherapy was obtained through TCGA database analysis, which currently lacks direct
evidence, and this will be the focus of our future work. In addition, the relationship between GPRI76 expression in GC
and somatic mutation, methylation, tumor mutational load and tumor microenvironment as well as the functional analysis
of GPR176 in GC need to be further explored, and this part can complement single cell level studies and provide insight
into the mechanism of GPRI76 in gastric cancer, which will also be the focus of our future studies and experiments.

Conclusion

According to this research, the GPR176 expression level is considerably higher in GC tissues than in healthy tissues. This
suggests that GPR176 could be used as a novel biomarker to distinguish between GC tissues and healthy gastric mucosa.
Upregulated GPR176 was linked strongly to poor OS, progression-free interval, and disease-specific survival in GC
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patients. Further development and computational validation of a nomogram model for individualized OS assessment
were performed. Functional annotation and pathway enrichment analysis supported that GPR176 is primarily involved in
the inflammatory response, angiogenesis, and tumor immune response. Immune cell infiltration analysis revealed that
GPR176 inhibited the proliferation of CD8+ T cells and promoted immune escape. The comprehensive assessment of
GPRI176 as a potential prognostic biomarker for GC also broadens the horizons in immunotherapy and may offer
a reliable evaluation system for clinical use.

Data Sharing Statement

This study analysed used clinical data publicly available in the following online databases: TCGA (https://www.cancer.gov/),
GEO (https://www.ncbi.nlm.nih.gov/geo/), GEPIA (http://gepia2.cancer-pku.cn/), Kaplan-Meier Plotter (Kaplan-Meier plot-
ter [Gastric] (kmplot.com)), TIMER (TIMER2.0 (comp-genomics.org)), TCIA (https:/tcia.at/), TIDE (http://tide.dfci.har
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