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GPRC5A is a potential prognostic biomarker and correlates with
immune cell infiltration in non-small cell lung cancer

o 1,23# 1,2,3# . . 1,2,3# . 1,2,3 oo 1,2,3 « 1,23
Yicong Lin™", Yue Wang ", Qianqian Xue ", Qiang Zheng ", Lijun Chen*”, Yan Jin""’,
o1 1,2,3 «1,2,3
Ziling Huang ™, Yuan Li

'Department of Pathology, Fudan University Shanghai Cancer Center, Shanghai, China; *Department of Oncology, Shanghai Medical College,
Fudan University, Shanghai, China; ‘Institute of Pathology, Fudan University, Shanghai, China

Contributions: (I) Conception and design: Y Lin, Y Wang, Q Xue; (I) Administrative support: Y Li; (III) Provision of study materials or patients: Y Li;
(IV) Collection and assembly of data: Q Zheng, L Chen, Y Jin; (V) Data analysis and interpretation: Y Lin, Z Huang; (VI) Manuscript writing: All
authors; (VII) Final approval of manuscript: All authors.

"The authors contributed equally to this work.

Correspondence to: Ziling Huang, MD, PhDj; Yuan Li, MD, PhD. Department of Pathology, Fudan University Shanghai Cancer Center, 270 Dong’an
Road, Shanghai 200032, China; Department of Oncology, Shanghai Medical College, Fudan University, Shanghai, China; Institute of Pathology,
Fudan University, Shanghai, China. Email: zih2110@163.com; lumoxuan2009@163.com.

Background: The tumor microenvironment (TME) plays an important role in tumor progression and
immunotherapy responses in non-small cell lung cancer (NSCLC). The programmed cell death 1 (PD-1)/
programmed cell death-ligand 1 (PD-L1) checkpoint is a central mediator of immunosuppression in the
TME. However, there is still a need to identify additional biomarkers that could reflect the difference in
TME and PD-L1 expression in NSCLC patients. To this end, we focused on the expression of G-protein-
coupled receptor family C group 5 type A (GPRC5A) in NSCLC. GPRC5A, is a retinoic acid-inducible gene
that plays multiple roles in NSCLC. However, little is known about the role of GPRC5A in regulating the
TME and PD-L1. Our objective was to describe the critical role of GPRCSA expression in NSCLC in the
setting of immune cell infiltration.

Methods: We identified the relationship between GPRCS5A expression and the clinicopathologic
characteristics of NSCLC patients in the Fudan University Shanghai Cancer Center (FUSCC) cohort.
Furthermore, we validated GPRCSA as a predictive biomarker by using public databases to reveal the
relationship between GPRCSA expression and immune cell infiltration. To correlate the expression
of GPRCS5A with the spatial distribution of PD-L1 in NSCLC samples, we performed multiplex
immunohistochemistry (mIHC).

Results: Low GPRCS5A expression is associated with earlier pathological stage (pStage). Analysis of
immune cell infiltration indicates there is a relationship between low GPRCSA expression and increased
infiltration of CD8" T cells, activated CD4" T cells, and M1 macrophages within the TME. Furthermore,
low GPRC5SA expression is associated with an increased immunophenotype score (IPS) in NSCLC.
Additionally, analysis of mIHC reveals there is a correlation between low GPRCS5A expression and spatial
distribution of tumoral PD-L1 expression.

Conclusions: Our study revealed the relationship between low expression of GPRCSA and earlier
pStage in NSCLC. Furthermore, we observed that low expression of GPRC5A is associated with increased
infiltration of immune cells, higher IPS, and spatial distribution of PD-L1-positive tumor cells. Therefore,
we speculate that low expression of GPRCSA is associated with immunotherapy, but further validation is still

required.
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Introduction

Lung cancer is the most common cause of cancer-
associated death worldwide, with an estimated 2.2 million
new cases and 1.8 million new deaths annually (1).
Lung cancer can be classified into two main types, non-
small cell lung cancer (NSCLC) (85% of patients) and
small cell lung cancer (SCLC) (15%). NSCLC can be
further subdivided into lung adenocarcinoma (LUAD),
lung squamous cell carcinoma (LUSC), and large cell
carcinoma (2). In more than two decades, the 5-year
overall survival (OS) rate for NSCLC patients with
metastatic diseases is less than 5% (3). Immune checkpoint
inhibitors (ICIs), which can increase the 5-year OS rate
for patients with advanced NSCLC, are emerging (4).
"To date, some biomarkers including programmed cell death-
ligand 1 (PD-L1) expression, tumor mutational burden
(T'MB), and mismatch repair deficiency, have been validated
in phase II-III trials of some cancer types and have been
widely used (5-8). However, these biomarkers are imperfect
because of complex cancer-immune interactions, the tumor
microenvironment (I'ME), and host immunity (9). Hence,

Highlight box

Key findings

* Low expression of G-protein-coupled receptor family C group
5 type A (GPRCS5A) is associated with increased infiltration of
immune cells, higher immunophenotype score (IPS), and spatial
distribution of programmed cell death-ligand 1 (PD-L1)-positive

tumor cells.

What is known and what is new?

® GPRC5A has been linked to the prognoses of some types of cancer.

® This study indicated that low GPRCSA expression is associated
with increased immune cell infiltration, including CD8" T cells,
activated CD4" T cells, and M1 macrophages in non-small cell
lung cancer (NSCLC). Moreover, NSCLC tumors with low
GPRCS5A expression showed an augmented presence of PD-L1-
positive cells in the adjacent peripheral regions.

What is the implication, and what should change now?

® GPRCSA is associated with immune cell infiltration, IPS and PD-
L1 spatial distribution in NSCLC patients. We speculate that low
expression of GPRCSA is associated with immunotherapy, but
further validation is still required.
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continuous research on molecular biomarkers and novel
therapies is critical to predicting prognosis and determining
personalized treatment.

Immunotherapy is a promising recent approach for
treating cancer by activating or boosting the immune
system to attack cancer cells (10). Cancer immunotherapy
can be administered via the following delivery systems:
ICIs, lymphocyte-promoting cytokines, engineered T
cells such as chimeric antigen receptor T (CAR-T) and
T-cell receptor (T'CR) T cells, agonistic antibodies against
costimulatory receptors, and cancer vaccines (11). ICIs,
such as anti-PD-L1 or anti-programmed cell death 1 (anti-
PD-1)/anti-cytotoxic T-lymphocyte-associated antigen-4
(anti-CTLA-4) antibodies, can significantly prolong OS as
soon as the 1* line of treatment for advanced NSCLC (12).
However, research has shown that most patients with
NSCLC develop disease progression during ICIs treatment
or after ICIs treatment discontinuation. The Society for
Immunotherapy of Cancer (SITC) distinguished three
distinct resistance scenarios with anti-PD-1 or PD-
L1 treatment: primary resistance, secondary resistance,
and progression after treatment discontinuation for any
reason (acquired resistance). Primary resistance is defined
as evidence of disease progression after receiving at least
6 weeks (two cycles) but not more than 6 months of ICIs
treatment. Secondary resistance is defined as disease
progression after experiencing clinical benefit [either
objective response or stable disease (SD) lasting 6 months
or greater]. Acquired resistance is considered in all patients
with recurrence after an initial objective response (excluding
SD) to ICIs, regardless of the timing of occurrence,
and it is a challenging question (13,14). Moreover,
searching for a novel epithelial biomarker that can predict
immunotherapeutic response is crucial.

G-protein-coupled receptor family C group 5 type A
(GPRC5A), a member of the GPCR family also called
RAIGI or RAI3, is a retinoic acid-inducible gene that is
downregulated in lung cancer, especially in NSCLC (15).
Moreover, GPRC5A knockout mice can spontaneously
develop LUAD and the expression of GPRCS5A is lower in
lung cancer tissue than in normal lung tissue (15). Thus,
GPRCS5A is considered a tumor suppressor gene in lung
cancer (16). Recent studies have shown that GPRC5A has
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a dual role in different tumor types. The expression of
GPRC5A is increased in prostate cancer, ovarian cancer,
pancreatic cancer, and gastric cancer (17-20), but decreased
in breast cancer (BRCA) and lung cancer (21). According
to previous research, the protein product of GPRC5A is
significantly associated with adenocarcinoma histology, and
GPRCS5A expression is negatively correlated with nuclear
factor kappa B (NF-kB) expression (22). Activation of NF-
kB transcription factors and signaling pathways is associated
with innate and adaptive immune responses, indicating that
these pathways could be potentially promising immune-
related therapeutic targets in lung cancer (23,24). Our
results raise new questions regarding the cross-talk between
immune cell infiltration and GPRC5A expression in NSCLC
and demands more efforts in studies aiming to understand
how GPRCS5A expression levels are regulated the TME
and PD-L1 spatial distribution. We present this article in
accordance with the REMARK reporting checklist (available
at https://tler.amegroups.com/article/view/10.21037/tlcr-
23-739/rc).

Methods
Patients and samples

Four tissue microarrays (TMAs) (ten columns and six
rows) that contained samples from 87 cases of LUAD and
29 cases of LUSC were included in this study. The TMAs
were obtained from Fudan University Shanghai Cancer
Center (FUSCC). Each case had two core points to prevent
tissue unavailable and information loss. Specimens were
collected by surgical resection under a strict standard
operating procedure and archived in a formalin-fixed and
paraffin-embedded (FFPE) tissue block. Detailed patient
information is in 7able 1. Finally, a total of 77 LUAD
and 29 LUSC samples were included in this analysis.
The remaining ten samples were excluded due to tissue
unavailable or incomplete patient clinicopathological
information. Genomic DNA was extracted from the FFPE
tissue samples using the QIAamp DNA Mini Kit (Hilden,
Germany), and targeted deep sequencing of mutational
hotspots was conducted using a capture-based targeted
sequencing panel that included all exons of 68 genes, as
described previously (25). For all patients, we collected
complete follow-up information, including age, smoking
status, pathological stage (pStage), tumor node metastasis
(TNM) stage, and epidermal growth factor receptor (EGFR)
mutation status. The study included three main NSCLC
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cohorts (Figure 1), the surgically resected NSCLC cohort
(FUSCC cohort 1, n=116) from 2007 to 2012, The Cancer
Genome Atlas (TCGA) cohort (n=1,011) and the surgically
resected NSCLC cohort (FUSCC cohort 2, n=38) from
2021 to 2022. All specimens were collected from the
patients with informed consent, and our study was approved
by the Research Ethics Committee of FUSCC (IRB No.
050432-4-1805C). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

GPRC5A expression in NSCLC in public database

We employed the “Gene_DE” module of Tumor IMmune
Estimation Resource 2.0 (TIMER?2.0) (http://timer.cistrome.
org/) to obtain box-whisker plots of GPRC5A expression
between tumor and paracancer tissues in different tumors.
Then, we analyzed the GPRCSA protein abundance in
Clinical Proteomic Tumor Analysis Consortium (CPTAC)
database (https://cprosite.ccr.cancer.gov/).

The correlation between GPRC5A expression and immune
cell infiltration

TCGA database (https://portal.gdc.cancer.gov/v1l/) was
employed to assess the TME score in NSCLC and explore
the association between GPRCSA expression, immune
cell infiltration, and immune checkpoint expression.
Additionally, The Cancer Immunome Atlas (TCIA)
database (https://www.tcia.at/home) was utilized to examine
the correlation between GPRCSA expression and the
immunophenotype score (IPS). Furthermore, we used
receiver operating characteristic (ROC) plotter (https://
rocplot.com/immune) to predict the relationship between
GPRC5A expression and immunotherapy response in pan-
cancer. Finally, the TISIDB (http://cis.hku.hk/TISIDB/)
database utilized analysis the association of GPRCS5A
expression and PD-L1 expression and the expression of
GPRC5A in different immune subtype of NSCLC.

Gene Ontology (GO) enrichment analysis, genomic
alteration analysis and protein-protein interaction (PPI)
network of GPRC5A

We conducted GO pathway enrichment analysis to
investigate GPRC5A’s potential mechanisms. Initially,
genes correlated with GPRCSA were selected via Pearson
correlation analysis. Subsequently, we utilized the
“clusterProfiler” R package to delve into the functional
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Table 1 Correlations between GPRCSA expression and clinicopathological characteristics of patients with NSCLC in FUSCC cohort

Characteristics Total (N=106) Low expression® (N=76) High expression (N=30) P value
Sex 0.44
Male 83 (78%) 61 (80%) 22 (73%)
Female 23 (22%) 15 (20%) 8 (27%)
Age (years) 0.24
<62 52 (49%) 40 (53%) 12 (40%)
>62 54 (51%) 36 (47%) 18 (60%)
Smoking status 0.65
Never 32 (30%) 22 (29%) 10 (33%)
Ever 74 (70%) 54 (71%) 20 (67%)
Histological type 0.81
ADC 77 (73%) 56 (74%) 21 (70%)
SCC 29 (27%) 20 (26%) 9 (30%)
pStage 0.047*
I 48 (45%) 31 (40%) 17 (657%)
Il 20 (19%) 19 (25%) 1(3%)
11l 31 (29%) 21 (28%) 10 (33%)
\% 7 (7%) 5 (7%) 2 (7%)
T stage 0.02*
T1 53 (50%) 41 (54%) 12 (40%)
T2 36 (34%) 23 (30%) 13 (43%)
T3 14 (13%) 12 (16%) 2 (7%)
T4 3 (3%) 0 (0%) 3 (10%)
N stage 0.57
NO 64 (60%) 44 (58%) 20 (67%)
N1 9 (9%) 8 (10%) 1 38%)
N2-3 33 (31%) 24 (32%) 9 (30%)
M stage >0.99
MO 97 (92%) 69 (91%) 28 (93%)
M1 9 (8%) 7 (9%) 2 (7%)
Pleural invasion 0.35
Absent 56 (53%) 38 (50%) 18 (60%)
Present 50 (47%) 38 (50%) 12 (40%)
Vascular invasion 0.53
Absent 73 (69%) 51 (67%) 22 (73%)
Present 33 (31%) 25 (33%) 8 (27%)

Table 1 (continued)
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Table 1 (continued)
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Characteristics Total (N=106) Low expression® (N=76) High expression (N=30) P value
Perineural invasion 0.40
Absent 72 (95%) 27 (90%)
Present 4 (5%) 3 (10%)
EGFR mutation 0.30
Absent 62 (82%) 21 (70%)
Present 14 (18%) 9 (30%)

*, P value <0.05. ? low (H-score <200; IHC negative) or high (=200; IHC positive) for GPRC5A protein expression. GPRC5A, G-protein-
coupled receptor family C group 5 type A; NSCLC, non-small cell lung cancer; FUSCC, Fudan University Shanghai Cancer Center; ADC,
adenocarcinoma; SCC, squamous cell carcinoma; pStage, pathological stage; T stage, tumor stage; N stage, node stage; M stage,
metastasis stage; EGFR, epidermal growth factor receptor; IHC, immunohistochemistry.

A FUSCC cohort 1
NSCLC

2007-2012
(n=116)

!

LUAD (n=87) and
LUSC (n=29)

!

TCGA cohort C FUSCC cohort 2
NSCLC NSCLC
(h=1,011) 2021-2022
(n=38)
¥
TCGA-LUAD (n=528) and TCGA- Y
LUSC (n=483) LUAD (n=38)
¥
y

All patients underwent surgical
procedures, and TMAs were
constructed using resected specimens

Analysis of the relationship between
GPRC5A expression and genetic

All patients underwent surgical
procedures, and TMAs were constructed

Y
IHC staining

Exclude:

> e Tissue unavailable
for IHC (n=10)

\

LUAD (n=77) and LUSC (n=29) were
included in the analysis

alteration ) .
using resected specimens
Y \
Analysis of the relationship between mIHC staining
GPRC5A expression and immune cell
infiltration
Exclude:
> e Tissue unavailable
Y for mIHC (n=3)
Construction of the GO analysis and A

PPI network according to GPRC5A

LUAD (n=35) was included in the

expression

Y

Analysis of the relationship
between GPRC5A expression and
clinicopathologic characteristic

analysis
Y A
Analysis of the relationship between Analysis of the relationship between
GPRC5A expression and prognosis of GPRC5A expression and PD-L1 spatial
NSCLC distribution

Figure 1 Flow chart. (A) FUSCC cohort 1 was used to analyze the relationship between GPRCSA expression and clinicopathologic

characteristics. (B) TCGA cohort was used to analyze the relationship between GPRC5A expression and immune-related factors. (C)
FUSCC cohort 2 was used to analyze the relationship between GPRC5A expression and PD-L1 spatial distribution. FUSCC, Fudan
University Shanghai Cancer Center; NSCLC, non-small cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell

carcinoma; TMA, tissue microarray; IHC, immunohistochemistry; GPRCS5A, G-protein-coupled receptor family C group 5 type A; TCGA,

The Cancer Genome Atlas; GO, Gene Ontology; PPI, protein-protein interaction; mIHC, multiplex immunohistochemistry; PD-L1,

programmed cell death-ligand 1.
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Figure 2 Immunohistochemical analysis of GPRC5A in NSCLC tissues. The score can range from 0 (case with absent staining) to 300 (case
with 100% 3+ staining). Pictures show different staining: “0” in (A), “1+” in (B), “2+” in (C), and “3+” in (D). GPRC5A, G-protein-coupled

receptor family C group 5 type A; NSCLC, non-small cell lung cancer.

and molecular mechanisms associated with GPRCSA.
Furthermore, gene alteration analysis was executed using
the “maftools” package in R software, utilizing RNA seq
data from TCGA for LUAD and LUSC. LinkedOmics
(https://linkedomics.org/) was used to classify the co-
expressed genes of GPRC5SA. GPRC5SA-associated
genes were validated using the Encyclopedia of RNA
Interactomes (ENCORI) (https://rnasysu.com/encori/)
database. Additionally, we used the cBioPortal for Cancer
Genomics (cBioPortal) (https://www.cbioportal.org/) to
explore genomic alterations in GPRC5A in NSCLC. To
understand the potential interrelationships of GPRC5A
with other proteins, we used the STRING database (https://
cn.string-db.org/) to establish the PPI network. Finally,
Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/) was used to analyze the
correlation between the expression of GPRCS5A and the top
five mutated genes.

Survival analysis based on GPRC5A expression in NSCLC

We employed Kaplan-Meier plotter (https://kmplot.com/
analysis/), an online platform, to examine gene expression
associations with survival in specific tumor types. Utilizing
this tool, we assessed the OS of NSCLC patients based
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on GPRC5A expression. Additionally, we validated OS or
disease-free survival (DFS) associations with GPRCS5A
expression using data from the FUSCC cohort.

Immunobistochemistry (IHC)

TMA slides were deparaffinized and hydrated, and antigen
retrieval was conducted by immersion in sodium citrate
buffer (pH 6.0). Then, TMA slides were incubated with
an antibody against human GPRCS5A (Cell Signaling
Technology, Danvers, USA, 12968S, 1:250 dilution) at 4 °C
overnight. After washing with phosphate buffer saline (PBS)
buffer three times, the TMA slides were incubated for
45 minutes with secondary antibody at room temperature
(RT). Normal lung tissue was used as a positive control for
GPRCS5A expression. The intensity of specific staining was
characterized as not present (0), weak (1+), distinct (2+),
and very strong (3+) based on the average expression in
both the cytomembrane and cytoplasm (Figure 2) (26,27).
The percentage of cells at different staining intensities was
determined by visual assessment, with the score calculated
using the formula 1 x (% of 1 + cells) + 2 x (% of 2 + cells)
+3 x (% of 3 + cells). Samples were then classified as either
low (H-score <200; IHC negative) or high (H-score >200;
THC positive) for GPRCS5A protein expression (28).
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Multiplex immunobistochemistry (mIHC) and spatial
distance analysis

We utilized mIHC to investigate the correlation between
GPRCSA expression and PD-L1 expression. Employing
an antibody panel consisting of anti-GPRCS5A (Cell
Signaling Technology, 129688, 1:250 dilution), anti-PD-L1
(Cell Signaling Technology, 13684S, 1:200 dilution), and
anti-pan-CK (Cell Signaling Technology, 4545S, 1:100
dilution), alongside an Opal 7-color manual IHC kit (Akoya,
Marlborough, USA, NEL811001KT), we conducted
the mIHC following standard procedures as described
previously (29). TMA slides were baked for 1 h at 65 °C
in an oven and deparaffined by xylene and ethanol of
gradient concentrations. After applying different primary
antibodies (anti-PD-L1, anti-GPRCS5A and anti-pan-CK,
sequentially), the secondary antibody (Opal Polymer HRP
Ms + Rb, Marlborough, USA) was added and incubated,
followed by OPAL dye incubation (1:150 dilution). After
all antigens being labeled with different antibodies, DAPI
(Thermo Fisher, Waltham, USA) was used for nuclei
staining. Scanning of the slides was conducted using a Vectra
Polaris system, followed by quantitative and spatial analyses
facilitated by the HALO software (v3.3.2541.202). Two
TMA slides, containing samples from 38 lung cancer cases,
were sourced from the FUSCC Tissue Bank. Among these,
35 tumor and adjacent normal tissue samples were eligible
for TMA analysis, while three paired samples were excluded
due to tissue spot unavailable during technical procedures.

Cell culture

Lung cancer cell lines (A549, H1299, H1975, HCC827
and PC9) and BEAS-2B, a normal human lung epithelial
cell line, were purchased from the Cell Bank of the Chinese
Academy of Sciences (Shanghai, China). Cells were cultured
in the corresponding medium, RPMI-1640 or Dulbecco’s
Modified Eagle Medium (DMEM), supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin (100 U/mL)/
streptomycin (100 U/mL) at 37 °C in a humidified
atmosphere with 5% CO,.

Western blotting

Cells were washed twice with cold PBS and then lysed to
extract total proteins using radio immunoprecipitation
assay lysis buffer (RIPA buffer) (Thermo Scientific™,
Waltham, USA, 89900). These proteins were subjected to
western blotting as described before (15). The expression
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of GPRC5A was measured by a Tanon 5200 system with
Chemiluminescent HRP Substrate (Millipore Corporation,
Billerica, USA). Antibodies against GPRC5A (sc-390263,
1:800, Santa Cruz Biotechnology, Dallas, Texas, USA)
and GAPDH (5174, Cell Signaling Technology, 1:1,000)

were used.

Quantitative real-time polymerase chain reaction (qRT-
PCR) analysis

q-PCR was performed with a 7300 Plus Real Time
Fluorescence Quantitative PCR Instrument (Applied
Biosystems, Carlsbad, USA). The GPRC5A primer
sequences (synthesized by Shanghai Tsingke Biotechnology
Co., Ltd., Shanghai, China) were as follows: forward
primer, 5'-GCCTTCATCATCGGACTGGAC-3', reverse
primer, 5'-AGCGATAACATCCTGGACTAGG-3'".

Statistical analysis

Statistical comparisons to determine the correlations
between GPRCS5A expression and clinicopathologic
characteristics were performed using Pearson’s Chi-squared
test or Fisher’s exact test according to the situation. The
spatial relationship between GPRCS5A expression and PD-
L1 expression was evaluated using Mann-Whitney test. OS
was defined as the date of surgery to the date of death from
any cause or the last follow-up. DFS was defined as the date
of complete surgical resection to the date of recurrence or
death owing to any cause, whichever came first. The Kaplan-
Meier method was used to analyze the survival, and the log-
rank method was used to examine differences in survival.
Statistical analysis was performed using R software (version
4.1.3) or GraphPad Prism (version 8.3.0), and statistical
significance was assumed for differences with P<0.05.

Results
Patient characteristics and clinicopathological information

Due to tissue unavailable, a total of 106 patients were
analyzed in this study. All patients were recruited from
FUSCC during the period spanning 2007 to 2012. The
demographic and clinicopathological features, including
sex, age, smoking status, histological type, pStage, TNM
stage, pleural invasion (PI) status, vascular invasion (VI)
status, and perineural invasion (PNI) status, were shown in
Table 1. Most patients in this study had LUAD (74%), and
more than half of the tumors were in an early stage (65%).
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Our study showed that the patients with low GPRC5SA
expression were more likely to be at pStage I or II (P=0.047,
Table 1) and T stage I or II (P=0.02, Table 1) in FUSCC
cohort. Then, we analyzed the relationship between
GPRC5A expression and clinicopathological characteristics
in the TCGA cohort (Table S1). The patients with low
GPRCS5A expression were more likely to be at pStage II
(P=0.04, Table S1). In contrast, GPRCSA expression was
not significantly associated with sex, age, smoking status,
histology type, N stage and M stage in FUSCC cohort or
TCGA cohort. Furthermore, we explored the relationship
between GPRCS5A expression and EGFR mutations in
the FUSCC cohort. The results indicated no significant
relationship between GPRCS5A expression levels and EGFR
mutation status (P=0.30, 7able 1). Hence, we delved further
into the relationship between GPRCS5A expression and
NSCLC’s treatment.

Pancancer landscape of GPRCSA expression

Based on the results from the TIMER database (30), the
mRNA expression of GPRC5A showed different levels in 33
types of common cancers. In specific tumor types [BRCA,
cholangiocarcinoma (CHOL), esophageal cancer (ESCA),
stomach adenocarcinoma (STAD), and uterine corpus
endometrial carcinoma (UCEC)], GPRC5A expression
exhibited significant elevation in cancer tissues compared
to adjacent normal tissues. Conversely, in bladder cancer
(BLCA), kidney chromophobe (KICH), kidney renal clear
cell carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP), LUAD, and LUSC, GPRC5A mRNA levels
were notably higher in normal tissues than in cancerous
tissues (Figure 34). Moreover, according to the CPTAC
database (31), the GPRCS5A protein abundance was increased
in cancer tissues compared with normal tissues in BRCA,
STAD, and uterine cancer, but was decreased in cancer
tissues in LUAD, LUSC, and kidney cancer (Figure 3B),
consistent with the previous results. These results showed
that GPRC5A may play different roles in different tumors.
Then, we found that the expression of GPRC5A in lung
cancer cell lines (A549, H1299, H1975, HCCS827, PC9) was
lower than that in normal lung epithelial cells (BEAS-2B)
(Figure 3C) and unedited images of the original western blots
in the supplementary material (Figure S1).

Genetic alteration landscape of GPRC5A in NSCLC

To analyze genetic variations of GPRC5A, we incorporated

© Translational Lung Cancer Research. All rights reserved.
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studies about NSCLC to examine the alterations of
GPRC5A expression, covering the Broad, OncoSG, NCI,
CPTAC, MSKCC, CPTAC, and TCGA cohorts in
cBioPortal (32). The results indicated that the alteration
frequency of GPRC5A in NSCLC was 1.7% (Figure 4A)
and that mutation, amplification, and deep deletion were
common types of alterations, which might be correlated
with histological type. The histogram showed that GPRC5A
amplification was found mainly in LUSC and that GPRC5A4
mutation and deep deletion were found mainly in LUAD
(Figure 4B). Moreover, there were four types of GPRC5A
copy number alterations, namely, gain, diploidy, shallow
deletion, and deep deletion, and diploidy was especially
prevalent (Figure 4C). 'To investigate genetic correlations
involving GPRCSA alterations, we created waterfall plots
using TCGA data in NSCLC (Figure 4D,4E). We selected
the top five mutated genes [TP53, titin (7TN), CUB and
Sushi multiple domains 3 (CSMD3), mucinl6 (MUC16),
ryanodine receptor 2 (RYR2)] ranked by mutation for
correlation analysis with GPRC5A. The results indicated
low correlation coefficients for all genes, with only MUC16
exhibiting a correlation coefficient greater than 0.2,
indicative of a weak positive correlation. Further details of
the correlation analysis can be found in the supplementary
material (Figure S2) (33). Low GPRCS5A expression is
associated with gene mutations of NSCLC and potentially
influence its therapeutic strategies.

The relationship between GPRCSA expression and
immune cell infiltration in NSCLC

A comprehensive analysis evaluating GPRC5A expression
in NSCLC encompassed assessments of the TME, immune
cell infiltration, ICIs, and therapeutic targets using TCGA
datasets. The conducted analysis of the TME demonstrated
that GPRCSA expression did not affect the matrix score,
immune score, or estimate score in TCGA-LUAD
(Figure 5A). However, in TCGA-LUSC, we found that
low GPRCSA expression could reduce the TME score
(Figure 5B). Analysis of immune cell infiltration revealed a
negative correlation between GPRCSA expression and the
levels of infiltrating plasma cells, CD8" T cells, activated
CD4" T cells, and M1 macrophages within TCGA-LUAD
(Figure 5C). Additionally, in TCGA-LUSC (Figure 5D), a
similar negative correlation was observed specifically with
the infiltration levels of M1 macrophages. We discovered
that decreased expression of GPRC5A may lead to increased
infiltration of certain immune cells. Subsequently, we
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Comparison of GPRC5A in cancer and normal of different tumor types from TIMER
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OncoPrint overview of the genetic variations of GPRC5A
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E The waterfall of gene mutations in LUSC from TCGA based on GPRC5A expression

Altered in 473 (97.53%) of 485 samples.
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conducted further comparisons to assess the correlation
between GPRCSA expression and the levels of infiltration
by various immune cell types. Despite observing significant
differences, the correlation coefficients between GPRCSA
expression and immune cell infiltration levels were low. In
TCGA-LUAD, we noted a negative correlation between
GPRCSA expression and the levels of activated CD4" T
cells, M1 macrophages, and plasma cells (P=0.01, P<0.001,
and P=0.006, respectively), however, the correlation
coefficients were low (Figure SE). Similarly, in TCGA-
LUSC, a negative correlation was observed between
GPRCSA expression and M1 macrophages (P=0.003),
while a positive correlation was found with the infiltration
levels of resting mast cells and neutrophils (P<0.001 and
P<0.001, respectively) (Figure 5F). However, we identified
a correlation coefficient >0.2 only for neutrophils.
Additionally, we conducted a comprehensive analysis to
investigate the association between GPRC5A expression and
TMB in both LUAD and LUSC. We found the coefficients
between GPRCSA expression and TMB were low both in
LUAD and LUSC (Figure 5G). Furthermore, we conducted
an in-depth analysis to explore the relationship between

© Translational Lung Cancer Research. All rights reserved.

GPRC5A expression and commonly studied ICIs in both
LUAD and LUSC. Our findings suggested positive
correlations between GPRC5A expression and specific ICIs
in LUAD. GPRC5A expression demonstrated significant
positive correlations with tumor necrosis factor superfamily
15 (I'NFSF15), tumor necrosis factor superfamily 14
(TNFSF14), and tumor necrosis factor superfamily 9
(TNFSF9) (R=0.39, R=0.33, and R=0.33, respectively).
Similarly, in LUSC, a positive correlation was observed
between GPRCSA expression and TNFSF14 (R=0.36)
(Figure SH). Subsequently, we utilized the TCIA database
(34,35) to assess the potential relationship between GPRC5SA
expression and IPS in NSCLC. Specifically, in LUAD,
we observed that low expression of GPRCSA is associated
with higher IPS, suggesting that these patients may have
responded to anti-CTLA-4 and anti-PD-1 antibodies, but
further validation was needed (P=0.03). Conversely, in the
case of LUSC, no significant difference in IPS based on
GPRCS5A expression was observed (P=0.56) (Figure 5I). We
assessed the efficacy of GPRCSA expression with anti-PD-1
inhibitors in pan-cancer by ROC plotter (36) and found
that low GPRCSA expression is associated with responder,

Transl Lung Cancer Res 2024;13(5):1010-1031 | https://dx.doi.org/10.21037/tlcr-23-739
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G The relationship between GPRC5A expression and TMB in TCGA-LUAD and TCGA-LUSC
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Figure 5 The expression of GPRC5A and immune cell infiltration in NSCLC. (A,B) The relationship between GPRCSA expression and
TME score in TCGA-LUAD and TCGA-LUSC. (C,D) The relationship between GPRCS5A expression and immune cell infiltration in
TCGA-LUAD and TCGA-LUSC. (E) The relationship between GPRC5A expression and immune cell infiltration in TCGA-LUAD.
(F) The relationship between GPRC5A expression and immune cell infiltration in TCGA-LUSC. (G) The relationship between GPRC5SA
expression and TMB in TCGA-LUAD and TCGA-LUSC. (H) The relationship between GPRC5A expression and ICIs in TCGA-LUAD
and TCGA-LUSC. (I) The relationship between GPRC5A expression and immunophenotype score in TCGA-LUAD and TCGA-LUSC.
Significance levels: *, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant. GPRC5A, G-protein-coupled receptor family C group 5 type A;
TME, tumor microenvironment; TCGA-LUAD, The Cancer Genome Atlas-Lung Adenocarcinoma; TCGA-LUSC, The Cancer Genome
Atlas-Lung Squamous Cell Carcinoma; NK, natural killer; TMB, tumor mutational burden; CI, confidence interval; IPS, immunophenotype

score; PD-1, programmed cell death 1; +, positive; ICIs, immune checkpoint inhibitors.

but the area under the curve (AUC) was only 0.588, which cancer could increase immune cell infiltration. Combined

may need to be further explored for its predictive value.
However, no significant difference was seen for anti-
CTLA-4 inhibitors (Figure S3). The comprehensive analysis
revealed that in NSCLC, GPRCS5A expression exhibited
associations with immune cell infiltration and IPS, with
specific correlations varying between NSCLC subtypes,
highlighting its potential importance as a biomarker and
therapeutic target.

The correlation between GPRCSA and PD-L1 via
quantitative and localization

Based on these results, low expression of GPRC5A in lung

© Translational Lung Cancer Research. All rights reserved.

with the TCGA database, we speculated that there was a
certain correlation between the expression of GPRC5A and
the response of ICIs, so we further explored the relationship
between the expression of GRPCSA and PD-L1. The
correlation between GPRCSA and PD-L1 expression was
analyzed using the TISDIB database (37). These results
indicated little correlation between GPRC5A expression
and PD-L1 expression in LUAD (R=-0.092, P=0.04)
and LUSC (R=-0.067, P=0.13) (Figure 64,6B). GPRC5A
expression in LUAD and LUSC was analyzed across six
immune subtypes (Cl-wound healing, C2-IFN-gamma
dominant, C3-inflammatory, C4-lymphocyte depleted,
C5-immunologically quiet, C6-TGF-B dominant). The

Transl Lung Cancer Res 2024;13(5):1010-1031 | https://dx.doi.org/10.21037/tlcr-23-739
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Figure 6 The correlation between GPRCS5A and PD-L1 via quantitative and localization. (A,B) Correlating GPRCSA expression with PD-
L1 expression in LUAD and LUSC. (C,D) GPRC5A expression across different immune subtypes of LUAD and LUSC. (E) The protein
expression of GPRCSA in both tumor and normal tissues. (F-I) The density of pan-CK'PD-L1" cells surrounding pan-CK'GPRC5A™
cells within specified distances. (J) Illustration depicting the spatial nearest neighbor analysis between pan-CK'GPRC5A™ and pan-
CK'PD-L1" cells in proximity to the tumor interface. These slides were stained by mIHC, scanned by the Vectra Polaris system, and
analyzed using HALO software (4x magnification). (K) Histogram displaying the average distance (pm) between pan-CK'PD-L1" cells and
pan-CK'GPRCSA™ cells. (L)) The staining pattern of pan-CK'GPRCSA" cells and pan-CK'PD-L1" cells in tumor and normal samples
utilizing mIHC (20x magnification). Significance levels: **, P<0.01; ***, P<0.001. LUAD, lung adenocarcinoma; LUSC, lung squamous cell
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© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2024;13(5):1010-1031 | https://dx.doi.org/10.21037/tlcr-23-739



1024 Lin et al. GPRC5A: prognostic biomarker with immune infiltration in NSCLC

findings revealed higher expression of GPRC5A in the
C3 and C6 immune subtypes, unaffected by histological
type (Figure 6C,6D). To further investigate the impact of
GPRC5A expression on PD-L1 expression in localization
and its implications on immunotherapeutic response,
we conducted mIHC using GPRCSA, PD-L1, pan-CK
markers, and DAPI staining on TMAs. Protein expression
of GPRCS5A was analyzed in 35 pairs of cancer and
paracancer tissues, revealing significantly lower expression
in tumor areas compared to normal tissue (Figure 6E).
Using the spatial analysis module of HALO, we assessed
the proportion of pan-CK'PD-L1" cells within a 40 pm
radius of the pan-CK'GPRCS5A" and pan-CK'GPRCS5A”
cell populations. Remarkably, the pan-CK'GPRC5A™ cell
population exhibited a higher presence of surrounding pan-
CK'PD-L1" cells within the 0-40 pm range compared to
the pan-CK'GPRCS5A" cell population, and this difference
was statistically significant (P<0.05) (Figure 6F-61). By
utilizing the Nearest Neighbor Analysis module of HALO
software, we examined the spatial association between
GPRCS5A and PD-L1 expression. The findings revealed
that regions exhibiting low GPRCS5A expression were in
closer proximity to PD-L1-positive regions compared to
regions with high GPRC5A expression. This suggested
that decreased GPRCSA expression was associated with the
spatial distribution of PD-L1-positive regions (Figure 67,6K)
(Figure 67, 4x magnification). The expression patterns of
GPRCSA and PD-L1 in tumor and normal samples are
depicted in Figure 6L (20x magnification). Consequently,
our findings suggested that reduced GPRCS5A expression
was associated with the spatial distribution of PD-L1-
positive cells, potentially influencing the response of
immunotherapy, but further validation is still required.

Prognostic evaluation of GPRC5A4 in NSCLC

To explore the correlation between GPRCS5A expression
and clinical outcomes in NSCLC patients, we used Kaplan-
Meier plotter [including Gene Expression Omnibus (GEO)
and TCGA] (38) and FUSCC cohort for prognostic
analysis. We examined the OS of individuals diagnosed
with LUAD and LUSC using the Kaplan-Meier plotter
online tool. Our analysis revealed a significantly poorer OS
within the low GPRC5A expression group in the Kaplan-
Meier plotter database (P=0.01) (Figure 74). We conducted
additional analysis to assess the prognostic variance between
LUAD and LUSC, finding that the disparity was not
statistically significant in either LUAD (P=0.71) or LUSC

© Translational Lung Cancer Research. All rights reserved.

(P=0.30) within the Kaplan-Meier plotter database (Figure
7B,7C). 'To delve deeper into the prognostic significance of
GPRCSA, we utilized TMAs from FUSCC for GPRC5A’s
IHC staining, aiming to ascertain its impact on survival
rates. Patients were stratified into two categories based
on GPRCS5A H-scores: those exhibiting high GPRC5A
expression (high group, n=30, H-scores >200) and those
with low GPRCS5A expression (low group, n=76, H-scores
<200). The findings indicated no notable correlation
between GPRCSA expression and OS (Figure 7D, P=0.14)
in NSCLC within the FUSCC cohort. Further analysis
explored whether the prognosis of NSCLC patients based
on GPRCS5A expression was influenced by histological type
in the FUSCC cohort. The results unveiled a statistically
significant disparity in OS concerning LUAD (Figure 7E,
P=0.047), whereas the variation in OS for LUSC (Figure 7F,
P=0.56) did not exhibit statistical significance within the
FUSCC cohort. In addition, we performed DFS analysis on
the FUSCC cohort and found that low GPRCSA expression
had a better prognosis in both NSCLC and LUAD cohort,
rather than LUSC cohort (Figure 7G-7I). Considering that
DFS analysis in heterogeneous populations was influenced
by various factors, we further conducted univariate Cox
and multivariate Cox regression analyses on the FUSCC
cohort. The results indicated that low expression of
GPRC5A is a protective factor for DFS in NSCLC, but
further validation is still required (Table S2). Given the
correlation between GPRC5A expression and the pStage of
NSCLC observed in both the TCGA and FUSCC cohorts,
we conducted a prognostic analysis based on pStage in both
the Kaplan-Meier plotter database and the FUSCC cohort.
Our findings unveiled a stage-dependent variation in the
prognostic influence of GPRC5A expression. In patients
with pStage I NSCLC in the Kaplan-Meier plotter, low
GPRC5A expression is correlated with decreased OS time
(Figure 77, P=0.006). However, for pStage 1I-III NSCLC
in Kaplan-Meier plotter, this difference was not statistically
significant (Figure 7K,7L). Interestingly, within the FUSCC
cohort, there was no significant discrepancy in OS based on
pStage (Figure 7M,7N). These inconsistencies suggest that
the prognostic impact of GPRC5A expression in NSCLC is
not uniform across different stages. Further exploration is
warranted to elucidate its underlying mechanisms.

GO analysis and PPI network construction about GPRCSA

To investigate GPRC5A’s potential functions and molecular
mechanisms in NSCLC, we initially conducted Pearson
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Figure 7 Prognostic evaluation of GPRC5A in NSCLC. (A-C) GPRC5A’s prognostic implications in NSCLC from Kaplan-Meier plotter.

(D-I) OS and DEFS in FUSCC cohort. (J-L) OS in different pa

© Translational Lung Cancer Research. All rights reserved.

thological stage NSCLC from Kaplan-Meier plotter. (M,N) OS in different
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pathological stage NSCLC in FUSCC cohort. NSCLC, non-small cell lung cancer; OS, overall survival; HR, hazard ratio; CI, confidence
interval; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; FUSCC, Fudan University Shanghai Cancer Center; DFS,

disease-free survival; GPRC5A, G-protein-coupled receptor family C group 5 type A.

correlation analysis to identify genes associated with
GPRCS5A (top 500 in LUAD and top 500 in LUSC).
Subsequently, we performed GO enrichment analysis on
the identified genes. The enriched GO terms included
cell-cell junction, focal adhesion, GTPase binding, actin
filament organization, regulation of actin filament-based
process, and axon development (Figure §A4). Additionally,
we delved into GPRCSA expression in NSCLC using data
mining in the TCGA database’s NSCLC cohort through
LinkedOmics (39). The generated heatmap revealed a
notable correlation coefficient between mucin 1 (MUCT)
and GPRC5A expression (Figure §B), a finding corroborated
by validation in ENCORI (40) (Figure §C). We established
a PPI network, identifying ten genes associated with
GPRC5A protein function (Figure D). Our data revealed
significant correlations between GPRCS5A and the following
proteins: metabotropic glutamate receptor 2 (GRM2),
eukaryotic initiation factor 4A-1 (EIF4Al), general
transcription factor IIF subunit 2 (GTF2F2), SET and
MYND domain-containing protein 5 (SMYD5), FXYD
domain-containing ion transport regulator 3 (FXYD3),
phosphate carrier protein, mitochondrial (SLC25A3),
arginine-tRNA ligase (RARS), keratinocyte associated
protein 3 (KRT'CAP3), thrombospondin-type laminin G
domain and EAR repeat-containing protein (T'SPEAR),
and nucleolar and coiled-body phosphoprotein 1 (NOLCI).
These correlations were notably high, with correlation
coefficients ranging from 0.609 to 0.819, respectively.
Then, we performed correlation analysis of these key
genes (Figure S4) and found that SLC25A43 expression was
negatively correlated with GPRC5A expression (Figure SE).
These findings provide additional evidence supporting
the association between GPRCSA expression and the
effectiveness of immunotherapy in NSCLC.

Discussion

GPRC5A acts as a tumor suppressor in the development
of NSCLC (41), and it is downregulated in NSCLC
tissue and lung cancer cell lines (15). Our results showed
that deletion of GPRC5A might be one of the main
mechanisms underlying the dysfunction of GPRC5A in
NSCLC. Previous studies confirmed that GPRCSA deletion

© Translational Lung Cancer Research. All rights reserved.

can enhance the transformed phenotype in normal and
malignant lung epithelial cells through the Stat3 signaling
pathway (42). GPRCSA deficiency with tobacco carcinogen
exposure results in the development of LUAD tumors with
somatic mutations in Kirsten rat sarcoma viral oncogene
(KRAS), in which the cells exhibit some characteristics of
cancer stem cells (CSCs) to increase tumorigenesis in a
syngeneic setting iz vivo (43). In this study, we investigated
the expression of GPRCSA in NSCLC and evaluated
the relationship of GPRCSA expression and immune
cell infiltration, IPS and PD-L1 spatial distribution. We
analyzed the expression and prognostic value of GPRC5A in
NSCLC by using FUSCC cohort and public databases. Our
results showed that NSCLC with low GPRC5A expression
was prone to earlier pStage, and correlated with increased
immune cell infiltration, higher IPS and PD-L1 spatial
distribution in NSCLC.

In our study, we used TIMER database and CPTAC to
analyze the expression profiles of GPRC5A in various human
tumors. The results showed GPRC5A gene expression was
lower in BLCA, KICH, KIRC, KIRP, LUAD, and LUSC
than normal tissues. To further validate the expression of
GPRC5A in NSCLC, we conducted qPCR and western
blot. Our results showed GPRC5A had a high expression in
BEAS-2B. All these results suggested that GPRC5A might
act as a promising biomarker, but further validation is still
required.

Immunotherapy is an emerging therapeutic strategy for
patients with advanced NSCLC (44). Previous studies have
shown that high TMB and PD-L1 expression are predictive
of a benefit from ICIs treatment in NSCLC (45). It has
been shown that PD-L1 expression and TMB can predict
immune efficacy, but these markers are not good enough
to predict immune efficacy, and some patients develop
immunotherapeutic resistance within a short period (45,46).
Currently, nearly all patients with metastatic NSCLC who
do not harbor targetable oncogenes receive PD-1 or PD-L1
therapy in the first-line setting (47).

To further study the underlying mechanisms and
relationships of GPRCSA expression in NSCLC TME and
PD-L1 expression, some immune-related analyses were
performed based on public databases. At the same time,
mIHC was performed based on the FUSCC cohort to
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Figure 8 Gene Ontology analysis and PPI network construction. (A) GO analysis of GPRC5A positive related genes. (B) Heatmap showed
that MUCT and GPRC5A had high correlation coefficients. (C) The correlation between GPRCSA and MUCI was verified by ENCORI. (D)
PPI network based on GPRCS5A expression was constructed by STRING. (E) The correlation between GPRCS5A and SLC25A3 was verified
by ENCORI. GO, Gene Ontology; GPRC5A, G-protein-coupled receptor family C group 5 type A; CC, cell component; ME, molecular

function; BP, biological process; NSCLC, non-small cell lung cancer; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma;

FPKM, fragments per kilobase of transcript per million fragments mapped; PPI, protein-protein interaction.

explore the relationship between GPRCSA expression and
PD-L1 expression. Firstly, in our analysis of immune cell
infiltration in NSCLC, we observed heightened presence of
CD8" T cells, activated CD4" T cells, and M1 macrophages
in patients exhibiting low GPRC5A expression. Studies
indicated that heightened infiltration of CD8" T cells is
linked to improved immunotherapeutic efficacy (48), CD4"
T cells have demonstrated their capacity to promote tumor
rejection in an IFN-y-dependent manner by targeting
the tumor stroma and suppressing angiogenesis (49).
Additionally, an elevated presence of M1-like macrophages
within NSCLC tumors appears to associate with improved
patient outcomes and increased responsiveness to
immunotherapy (50). Secondly, our investigation revealed
an association between increased IPS and lower levels of
GPRCS5A expression. Previous studies showed that GPRCSA
may be related to tumor immunity and CSC expansion (51).
Additionally, bioinformatics analysis (Figure 64,6B) reveals
a weak coefficient between GPRC5A expression and PD-
L1 expression in both LUAD and LUSC. It is hard to draw
a solid conclusion just based on a coefficient. The TCGA
database only distinguish the LUAD and LUSC cohort,
some cases lacking the detail mutant background, which is
hard for us to further discuss in different subgroups. The
correlation coefficient may be tightly related to different
subgroups. We will follow this direction to study in the
future. Finally, our mIHC analysis revealed significantly
lower GPRCS5A expression in tumor areas compared to
normal tissue. Remarkably, the spatial analysis demonstrated

© Translational Lung Cancer Research. All rights reserved.

that regions with low GPRCS5A expression exhibited a
higher presence of PD-L1-positive cells in proximity. This
indicates a potential spatial relationship between decreased
GPRCS5A expression and the distribution of PD-L1-positive
cells within the TME. The altered spatial distribution of
PD-L1-positive cells in the context of reduced GPRC5A
expression might be associated with immunotherapy, but
further validation is still required. These findings open
avenues for exploring GPRCSA as a potential biomarker
and therapeutic target in the context of immunotherapy for
NSCLC patients, but further validation was needed.

While our study sheds light on the potential impact of
GPRC5A expression on immune cell infiltration in NSCLC,
it is essential to acknowledge certain limitations that warrant
consideration. Firstly, our analysis predominantly relies on
retrospective data and bioinformatics approaches, which
may introduce inherent biases or limitations associated with
data quality, sample sizes, and variations in methodologies
across different datasets. Secondly, while bioinformatics
analyses provide valuable insights into immune cell
infiltration and molecular correlations, further experimental
validation, such as i vitro and in vive studies, are necessary
to confirm the functional relevance of GPRC5A in the TME
and its direct influence on immunotherapeutic responses.
Moreover, our study primarily focused on associations and
correlations without delineating causative relationships,
necessitating additional mechanistic investigations to
comprehensively understand the precise role of GPRCSA
in modulating immune responses and its impact on
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immunotherapy efficacy in NSCLC. Furthermore, our
findings primarily highlight correlations between GPRC5A
expression and immune-related parameters; however,
clinical response to immunotherapy is multifactorial and
influenced by various other factors not solely dependent on
GPRCS5A expression. Next than, the spatial mIHC analysis,
while informative, provides associations but it does not
establish a direct causal relationship between GPRC5SA
expression and alterations in the spatial distribution of
PD-L1-positive regions. Finally, the main limitation of
this study is the lack of information on immunotherapy
within FUSCC cohort, which makes it challenging to
draw direct conclusions regarding the association between
GPRC5A expression and immune therapy. However, by
exploring from pan-cancer data to predict the relationship
between GPRC5A expression and immunotherapy response,
we speculate that low expression of GPRCSA may be
associated with anti-PD-1 response, which warrants further
evaluations in an immunotherapy cohort. Addressing these
limitations through further comprehensive and prospective
studies will provide more definitive insights into the role of
GPRC5A in NSCLC immunotherapy and its potential as a
predictive biomarker or therapeutic target.

Conclusions

In summary, we observed that low expression of GPRC5A
is associated with increased infiltration of immune cells,
higher IPS, and spatial distribution of PD-L1-positive
tumor cells in NSCLC. These findings suggest the potential
utility of GPRC5A as a predictive marker or therapeutic
target in NSCLC, complementing established markers like
PD-L1 and TMB. Future prospective studies are essential
to validate these findings, providing crucial insights to
refine immunotherapy strategies for optimizing NSCLC
treatment responses.
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