
Research Article
ADGRD1 as a Potential Prognostic and Immunological
Biomarker in Non-Small-Cell Lung Cancer

Meiwen Lv ,1 Xuelian Li ,2 Wen Tian ,2 He Yang ,1 and Baosen Zhou 1

1Department of Clinical Epidemiology, The First Hospital of China Medical University, 155 Nanjing Street, Heping District,
Shenyang 110001, China
2Department of Epidemiology, School of Public Health of China Medical University, Shenyang 110122, China

Correspondence should be addressed to Baosen Zhou; bszhou@cmu.edu.cn

Received 27 June 2022; Revised 17 September 2022; Accepted 2 November 2022; Published 22 November 2022

Academic Editor: Fu-Ming Tsai

Copyright © 2022 Meiwen Lv et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ADGRD1 (GPR133), an adhesion G protein-coupled receptor (GPCR), has been linked to cancer. However, the prognostic value
and regulatory function within non-small-cell lung cancer (NSCLC) is still unclear. This work adopted various bioinformatics
methods, including publicly available databases as well as real-time PCR (RT-PCR), for detecting ADGRD1 expression level
and investigating the correlation between ADGRD1 expression level and prognosis, tumor mutational burden (TMB),
microsatellite instability (MSI), immune infiltrating cells, immune-related genes, and targeted regulation mechanisms in
NSCLC. According to the results, ADGRD1 expression decreased within NSCLC, which might be the factor predicting
prognosis of NSCLC. Meanwhile, ADGRD1 showed significant correlation with TMB and MSI, respectively, as well as immune
cell infiltrating levels in lung adenocarcinoma (LUAD), which were primarily linked to macrophage M1, mast cell resting, T
cell CD4 memory activated, and T cell CD4 memory resting and were associated with mast cell activated and mast cell resting
in lung squamous cell carcinoma (LUSC). The most promising upstream regulation pathways of ADGRD1 were likely miR-
142-5p, miR-93-5p, and miR-17-5p, which were overexpressed and associated with poor prognosis in NSCLC. ADGRD1 and
immune-related genes correlated with ADGRD1 were shown to be enriched in “positive regulation of leukocyte activation,”
“external side of plasma membrane,” “receptor ligand activity,” and “cytokine-cytokine receptor interaction” pathways.
ADGRD1 expression and regulation may be critical in determining NSCLC prognosis.

1. Introduction

Cancer represents a major factor causing global mortality,
endangering human health and life safety. Lung and bron-
chus cancer accounts for 235,760 newly diagnosed and
131880 death cases in the United States by 2021, making it
the main cause of death in patients and the survival rate at
5 years is just about 21% [1]. NSCLC accounts for roughly
85% of lung cancers, with LUAD and LUSC being the most
prevalent subtypes [2]. In recent years, many reports on lung
cancer markers related to prognosis and immunity suggest
that these markers are critical in understanding the occur-
rence and development of NSCLC and immunotherapy.

The GPCR adhesion family is extensively expressed in
human tissues and important in human physiological pro-
cesses. GPCRs are linked to several diseases [3–5], implying

that GPCRs have a critical effect on onset, development, and
therapy, including cancer. ADGRD1, an adhesion G protein-
coupled receptor, is a key modulator of signal transduction
[6] and has been linked to cancer [7]. However, the mecha-
nism of ADGRD1 expression in NSCLC carcinogenesis and
the prognostic and immunological roles of ADGRD1 remain
unknown.

In a nutshell, TMB indicates the overall mutation num-
ber within tumors [8, 9]. TMB and microsatellite
instability-high (MSI-H) levels can be viewed as predictive
biomarkers participating in tumor immunotherapy [10,
11]. The tumor microenvironment typically contains
immune and stromal cells, and immune score is a powerful
predictor of clinical outcomes. It has been observed that
numerous immune infiltrating cells exist within the tumor
microenvironment and has an important effect on tumor
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growth [12], which is important for tumor immunotherapy.
Furthermore, the role of signaling pathways in tumor forma-
tion in the tumor microenvironment should not be over-
looked. According to research, the Notch signaling
pathway participates in numerous life activities of cancer
cells in the tumor microenvironment, and it has a significant
effect on cancer occurrence and development [13].

Previously, biological function of ADGRD1 in different
human cancers has not been completely explored and only
a few researches on ADGRD1 analysis in NSCLC have been
published. Multiple databases were used in this study for
exploring the prognostic significance of ADGRD1 within
pan-cancer. In addition, ADGRD1 expression and the link
between TMB, MSI, and immune infiltrating cells were
investigated. Furthermore, the relationship between
ADGRD1 and immune genes was investigated, signaling
pathways with relevant immune genes. Finally, the micro-
RNAs controlled by ADGRD1 were predicted, and the rela-
tionship between these miRNAs and NSCLC prognosis was
examined.

2. Materials and Methods

2.1. Analysis of ADGRD1 Expression and Data Sources. RNA
sequences, somatic mutations, and survival data associated
with a total of 33 cancers were downloaded from UCSC
Xena (http://xena.ucsc.edu/), a convenient database for
obtaining TCGA database data. The inclusion criteria were
as follows: completed ADGRD1 mRNA sequencing data,
completed somatic mutations data, and detailed clinical
follow-up information. R packages “plyr” and “ggpubr” were
applied to draw the boxplot of gene expression sequences.
Pan-cancer ADGRD1 expression analysis was also per-
formed by GEPIA2 (http://gepia2.cancer-pku.cn/) database
which contained TCGA and GTEx data.

2.2. Prognostic Significance of Gene ADGRD1 within Pan-
Cancer. By adopting the Cox regression and the Kaplan-
Meier curves, ADGRD1 expression and prognostic associ-
ated data were matched to examine the association between
ADGRD1 and overall survival (OS), disease-specific survival
(DSS), disease-free interval (DFI), and progression-free
interval (PFI). The Cox regression analysis evaluated the
association between survival time and survival status by con-
sidering gene expression as a continuous variable. Concur-
rently, hazard ratio (HR) with the 95% confidence interval
was considered. An HR value greater than one indicated that
ADGRD1 was a risk factor rather than a protective factor in
this cancer. The Kaplan-Meier approach was utilized to clas-
sify cases as the high-expression or low-expression group
according to their median level. They analyzed the different
OS of both the expression groups. The R packages “survival”

and “survminer” were used to draw the Kaplan-Meier
curves.

2.3. Analysis of TMB and MSI of ADGRD1 Expression in
Pan-Cancer. TMB is the overall mutation number within
DNA carried via cancer cells. MSI indicates contaminant
nucleotide gain/loss in repetitive DNA fragments. MSI score
could be analyzed based on the data of TCGA. The radar
map containing the correlation between ADGRD1 expres-
sion level and TMB or MSI was performed by “fmsb” R
package.

2.4. Correlation of ADGRD1 Expression with Tumor Immune
Microenvironment and Tumor-Infiltrating Immune Cells
within Pan-Cancer. This work adopted ESTIMATE algo-
rithm to determine immune, stromal, and ESTIMATE
scores with “limma” and “estimate” packages in R software,
for predicting the purity of different cell types within the
tumor microenvironment. The estimation of immune infil-
trating cells in NSCLC was analyzed using CIBERSORT
[14]. Coexpression analysis of ADGRD1 level with tumor
immune microenvironment and tumor-infiltrating immune
cells was showed by “ggplot2,” “ggpubr,” and “ggExtra”
packages.

2.5. Correlation Analysis between ADGRD1 Expression and
Immune-Related Genes. We downloaded 1793 immune-
related genes from ImmPort database (https://www
.immport.org/home) for further screening genes signifi-
cantly coexpressed with ADGRD1 in both LUAD and LUSC
(P < 0:001 and jRj > 0:2 as the cut-off criterion). After
screening, Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) analyses were performed
by ADGRD1 and screened genes. R packages “org.Hs.eg.db,”
“clusterProfiler,” “enrichplot,” and “ggplot2” were utilized to
show the result of GO and KEGG analyses with the cut-off
threshold P value = 0.05 and q value = 1.

2.6. Prediction of ADGRD1-Interacted MicroRNAs Related to
Prognosis. To predict upstream microRNAs that could regu-
late ADGRD1 expression, starBase database (https://starbase
.sysu.edu.cn/) was used. MicroRNA expression and clinical
information from NSCLC cases were downloaded in TCGA
(https://portal.gdc.cancer.gov/). The inclusion criteria were
as follows: (1) completed microRNA sequencing data and
detailed clinical follow-up information; (2) miRNAs from
starBase database with the screening threshold as
programNum > = 2 and targeted ADGRD1. The exclusion
criteria were as follows: miRNAs not negatively correlated
with ADGRD1. The “survival” package of R language was
used in identifying the prognostic microRNAs. And the
cut-off criteria of differential expression were jlog2fold
changej = 1 and diffPval = 0:05.

ADGRD1 Forward: GATAGCACTCGTGGTGTCTGTGAA
Reverse: CACTCTGAAACAAGGCAGACATAGG

Algorithm 1.
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Figure 1: Continued.
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2.7. Cell Culture and RT-PCR. This work cultivated the
BEAS-2B normal human lung epithelial cells within RPMI-
DMEM that contained 20% FBS (fetal calf serum), whereas
NCI-H1299 human NSCLC cells within RPMI-1640
medium that contained 10% FBS. Following Takara
RR820A kit instruction, RT-PCR was carried out, with U6
being the endogenous control. Takara Biomedical Technol-
ogy (Shenyang, China) designed and synthesized ADGRD1
primer. Method of 2−△△Ct was calculated to the relative tran-
scription level of ADGRD1. The sequences of primers were
as follows:

2.8. Data Extraction Based on the Human Protein Atlas
(HPA). The HPA project (https://www.proteinatlas.org/)
covers protein levels in tissues, cancers, and normal cells.
IHC was applied to validate ADGRD1 expression levels
within normal lung and lung tumor tissues.

2.9. Statistical Analysis. The Wilcoxon test was applied to
calculate the difference between normal tissues and tumor
tissues about ADGRD1 expression with the cut-off standard
of P = 0:05. The Cox regression and Kaplan-Meier methods
using log-rank tests were utilized to evaluate whether
ADGRD1 predicted the prognosis of pan-cancer (P = 0:05).
All correlation analyses were carried out by the Spearman
method (P < 0:001 and jRj > 0:2 as cut-off values).

3. Results

3.1. ADGRD1 Expression Level in Pan-Cancer. First, we ana-
lyzed the expression of gene ADGRD1 in different cancers
and found that gene ADGRD1 was differentially low-

expressed in bladder urothelial carcinoma (BLCA), breast
invasive carcinoma (BRCA), cholangiocarcinoma (CHOL),
colon adenocarcinoma (COAD), esophageal carcinoma
(ESCA), head and neck squamous cell carcinoma (HNSC),
kidney chromophobe (KICH), kidney renal clear cell carci-
noma (KIRC), kidney renal papillary cell carcinoma (KIRP),
LUAD, LUSC, prostate adenocarcinoma (PRAD), rectum
adenocarcinoma (READ), stomach adenocarcinoma
(STAD), thyroid carcinoma (THCA), and uterine corpus
endometrial carcinoma (UCEC) between normal tissue and
tumor tissue data from TCGA (Figure 1(a)). Meanwhile,
the data was also used to evaluate ADGRD1 expression in
33 tumor tissues, and the expression level of gene ADGRD1
in LUAD and LUSC was ranked third and thirteenth,
respectively (Figure 1(b)). Furthermore, we applied
GEPIA-combined data from TCGA and GTEx database for
analysis to verify this result (Figure 1(c)), which indicated
that ADGRD1 was expressed abnormally in BLCA, BRCA,
cervical squamous cell carcinoma and endocervical adeno-
carcinoma (CESC), COAD, ESCA, KICH, acute myeloid
leukemia (LAML), LUAD, LUSC, ovarian serous cystadeno-
carcinoma (OV), PRAD, READ, skin cutaneous melanoma
(SKCM), STAD, testicular germ cell tumors (TGCT), UCEC,
and uterine carcinosarcoma (UCS). As for the results
showed in Figure 1(d), ADGRD1 expression of NSCLC
was dramatically downregulated in tumor samples com-
pared with paired normal tissues, which had the highest
ADGRD1 mRNA levels across multiple normal tissues.

3.2. Prognostic Significance of Gene ADGRD1 in Pan-Cancer.
First, we used the Cox regression to analyze the impact of
ADGRD1 expression among OS, DSS, DFI, and PFI in
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Figure 1: ADGRD1 expression levels in pan-cancer. (a) The expression levels of ADGRD1 in diverse cancers from TCGA data (∗P < 0:05,
∗∗P < 0:01, ∗∗∗P < 0:001). (b) The expression levels of ADGRD1 in diverse tumor tissues from TCGA data. (c) The dot plot of
ADGRD1expression in different cancers from TCGA and GTEx data. Each red dots represent expression of tumor tissue and each green
dots represent expression of normal tissue. The green font indicates that ADGRD1 is significantly downregulated in tumor tissue
compared to normal tissue. (d) The bar plot of ADGRD1 expression in different cancers from TCGA and GTEx data. The height of bar
represents the median expression of each sample.
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pan-cancer (Table 1). The results showed that ADGRD1
played an important role in the prognosis of twelve cancers,
which included adrenocortical carcinoma (ACC), COAD,
KIRP, LAML, brain lower grade glioma (LGG), liver hepato-
cellular carcinoma (LIHC), LUAD, LUSC, mesothelioma
(MESO), READ, sarcoma (SARC), and STAD. The expres-
sion of ADGRD1 was a protective factor in LUAD (OS:
HR = 0:776, 95% CI from 0.663 to 0.908, P = 0:002; DSS:
HR = 0:777, 95CI% from 0.650 to 0.928, P = 0:005; DFI:
HR = 0:743, 95% CI from 0.599 to 0.922, P = 0:007; PFI:
HR = 0:846, 95% CI from 0.741 to 0.966, P = 0:014), while
a risk factor in LUSC (OS: HR = 1:483, 95% CI from 1.092
to 2.012, P = 0:011; DSS: HR = 1:271, 95CI % from 1.007
to 1.605, P = 0:043). Kaplan-Meier survival curves also
showed that ADGRD1 expression was correlated with the
prognosis in LUAD (OS: P < 0:001; DSS: P = 0:004; DFI =
0:001; PFI: P < 0:001) and LUSC (OS: P = 0:004; DSS: P =
0:011; PFI: P = 0:025); meanwhile, the significant results
were displayed in Figure 2.

3.3. Correlation of ADGRD1 Expression with TMB and MSI
in Pan-Cancer. TMB and MSI have been regarded as mean-
ingful predictors of immune response. In the analysis of the
association between ADGRD1 expression and TMB, MSI in
pan-cancer is essential. As shown in Figure 3(a), ADGRD1
expression was positively associated with TMB in ACC
(P = 0:019), LGG (P = 0:001) and thymoma (THYM, P =
0:038), while negatively related to TMB in BLAC
(P = 0:048), BRCA (P < 0:001), COAD (P = 0:019), KIRC
(P = 0:025), KIRP (P = 0:016), LIHC (P = 0:029), LUAD
(P < 0:001), LUSC (P = 0:012), pancreatic adenocarcinoma
(PAAD, P < 0:001), PRAD (P = 0:007), SKCM (P = 0:010),
STAD (P < 0:001), and UCEC (P < 0:001). Furthermore,
we calculated the correlation between ADGRD1 expression
and MSI across cancers (Figure 3(b)). ADGRD1 expression
was negatively related to MSI in HNSC (P = 0:001), KIRP
(P = 0:022), LUSC (P = 0:020), SARC (P = 0:042), STAD
(P < 0:001), and UCEC (P < 0:001). According to the results,
the expression of ADGRD1 was both correlated with TMB
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Figure 2: Kaplan-Meier survival curves of OS, DSS, DFI, and PFI in NSCLC. (a) OS analysis of ADGRD1 in LUAD. (b) DSS analysis of
ADGRD1 in LUAD. (c) DFI analysis of ADGRD1 in LUAD. (d) PFI analysis of ADGRD1 in LUAD. (e) OS analysis of ADGRD1 in
LUSC. (f) DSS analysis of ADGRD1 in LUSC. (g) PFI analysis of ADGRD1 in LUSC.
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and MSI in LUSC, however, only significantly correlated
with TMB in LUAD.

3.4. Immunological Role of Gene ADGRD1. We explore the
association between tumor immune microenvironment,
immune infiltrating cells, and ADGRD1 expression. The
ESTIMATE algorithm including the StromalScore, Immu-
neScore, and ESTIMATEScore was utilized to evaluate the
association between ADGRD1 expression and different
types of infiltrating cells in the tumor immune microenvi-
ronment across cancers and the results were shown in
Table S1. As for LUSC, ADGRD1 expression was positively
correlated with all scores (Figures 4(a)–4(c)). However, the
expression of ADGRD1 was not significantly correlated
with any score in LUAD (StromalScore, P = 0:567;
ImmuneScore, P = 0:007; ESTIMATEScore, P = 0:190).
Varieties of immune infiltrating cells were contained in the
tumor microenvironment. Thus, we calculated the
association between ADGRD1 expression and immune cell
infiltration levels in NSCLC. In LUAD, ADGRD1 was
mainly related to 4 immune cells (macrophage M1, mast
cell resting, T cell CD4 memory activated, and T cell CD4
memory resting) in LUAD and associated with 2 immune
cells (mast cell activated and mast cell resting) in LUSC
(Figures 4(d)–4(i)). The significant correlation of 22
immune cells with other cancers was performed in
Figure S1.

3.5. Coexpression of Immune-Related Genes with ADGRD1
and Associated Pathway Analysis in NSCLC. We used Imm-
Port database to obtain the immunologically relevant list
with a total of 1793 genes. After analysis, only 149
immune-related genes had significant differences correlated

with ADGRD1 in NSCLC (Table 2). Through the GO anal-
ysis of the eligible 149 genes and ADGRD1, the results were
shown in Figures 5(a)–5(c), implying that the total 150 genes
were enriched in biological process (BP) category with “pos-
itive regulation of leukocyte activation”, “positive regulation
of cell activation”, and “leukocyte migration”, meanwhile,
“external side of plasma membrane”, “secretory granule
lumen”, and “cytoplasmic vesicle lumen” in cellular compo-
nent (CC) category, additionally including “receptor ligand
activity”, “cytokine activity”, and “cytokine receptor bind-
ing” in molecular function (MF) category. Regarding KEGG,
“cytokine−cytokine receptor interaction”, “hematopoietic
cell lineage”, and “phagosome” were enriched pathways
(Figure 5(d)).

3.6. Predictive Analysis of Intersected MicroRNAs of
ADGRD1.We used starBase database to predict the miRNAs
targeting ADGRD1, and 20 upstream miRNAs were discov-
ered. The inclusion criteria of miRNAs were significantly
correlated with ADGRD1, differentially expressed, and the
prognosis was statistically significant in LUAD or LUSC.
After a series of screening criteria, as shown in Table 3, only
miR-142-5p was significantly negatively correlated with
ADGRD1 in LUAD, which were both differentially
expressed and associated with prognosis (Figure 6(a)–6(c)).
Meanwhile, miR-93-5p and miR-17-5p were the same corre-
lated with ADGRD1 in LUSC (Figure 6(d)–6(i)).

3.7. Validation of ADGRD1 Expression in Cell Lines. Com-
pared with BEAS-2B cells, the expression level of ADGRD1
mRNA was lower in NCI-H1299 cells, which is consistent
with the prior research (Figure 7).

CHOL

CESC
BRCA⁎⁎⁎

BLCA⁎

COAD⁎

DLBC

ESCA

GBM

HNSC

KICH

KIRC⁎

KIRP⁎

LAML
LGG⁎⁎⁎

LIHC⁎

LUAD⁎⁎⁎ LUSC⁎

MESO
OV

PAAD⁎⁎⁎

PCPG

PRAD⁎⁎

READ

SARC

SKCM⁎

STAD⁎⁎⁎

TGCT

THCA

THYM⁎

UCEC⁎⁎⁎

UCS
UVMACC⁎

0.25

–0.25

–0.5

0

0.5

(a)

CHOL

CESC
BRCA

BLCA

COAD

DLBC

ESCA

GBM

HNSC⁎⁎

KICH

KIRC

KIRP⁎

LAML
LGG

LIHC
LUAD LUSC⁎

MESO
OV

PAAD

PCPG

PRAD

READ

SARC⁎

SKCM

STAD⁎⁎⁎

TGCT

THCA

THYM

UCEC⁎⁎⁎

UCS
UVMACC

0.2

–0.2

–0.4

0

0.4

(b)

Figure 3: Correlation between ADGRD1 expression and TMB, MSI across cancers. (a) The radar chart showed the correlation between
ADGRD1 expression and TMB in diverse cancers (∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001). (b) The radar chart showed the correlation
between ADGRD1 expression and MSI in multiple cancers (∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001).
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Figure 4: Continued.
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3.8. Validation of the Protein Expression Level by IHC of
Gene ADGRD1. As shown in Figure 8, the results from the
HPA revealed the lower expression of ADGRD1 protein in
LUAD and LUSC tissues compared to normal tissues.

4. Discussion

Pan-cancer analysis is of great significance for comparing
the role of the same gene in different cancers and provides
a new direction for new tumor biomarkers, understanding
the mechanism of tumorigenesis and development from
the prevention and treatment of tumors. The same gene
has the same or different effects on different tumorigenesis,
mutations, tumor microenvironment, and copy number
changes, which can be vital and helpful to diagnose and treat
different tumors. CD161 pan-cancer analysis suggests that
CD161 is the possible antitumor biomarker to develop the
novel agents [15]. In addition, PDIA3 is the pan-cancer gene
and a factor independently predicting prognosis in the prog-
nostic outcome of KIRP and KICH cases; meanwhile, it sig-

nificantly affects immunotherapeutic response among
THYM, LGG, and READ cases [16]. As revealed by pan-
cancer analysis, POU5F1 can be used to diagnose and pre-
dict the prognosis of different cancers in particular func-
tional carcinogenicity of LIHC [17]. In this research, we
investigated the underlying molecular mechanism of
ADGRD1 across cancers; downregulation of ADGRD1
expression in NSCLC was significantly correlated with prog-
nosis, TMB, MSI, tumor microenvironment, and immune
infiltrating cells. This provides new ideas and directions for
strengthening the understanding of ADGRD1 in various
cancers and revealing it as a new clinical biomarker for prog-
nosis and immunotherapy. In addition, the analysis of
ADGRD1 in NSCLC may bring hope for strengthening the
prevention of NSCLC, improving the treatment of NSCLC
patients, and enhancing the survival rate of patients.

According to this research, ADGRD1 expression in pan-
cancer was investigated using UCSC Xena database and
GEPIA, and it was discovered that ADGRD1 expression
level was relatively high in NSCLC cases compared to other
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Figure 4: Correlation of ADGRD1 expression with tumor immune microenvironment and immune cell infiltration in NSCLC. (a)
Correlation analysis between ADGRD1 expression in LUSC and StromalScore. (b) Correlation analysis between ADGRD1 expression in
LUSC and ImmuneScore. (c) Correlation analysis between ADGRD1 expression in LUSC and ESTIMATEScore. (d–g) Correlation
between ADGRD1 expression and immune infiltrating cells in LUAD. (h–i) Correlation between ADGRD1 expression and immune
infiltrating cells in LUSC.
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cancers, particularly in NSCLC tissues, where ADGRD1
expression remarkably decreased compared with normal tis-
sues. RT-PCR revealed that, compared to normal lung epi-
thelial cells, ADGRD1 expression declined within NSCLC

cells; meanwhile, immunohistochemical results of ADGRD1
obtained from the HPA revealed that compared to normal
tissues, ADGRD1 protein expression decreased within
NSCLC tissues, conforming to prior findings. According to
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Figure 5: GO and KEGG analyses of ADGRD1 and immune-related genes. (a) Circle graph of BP category in GO functional annotation
analysis. The size means the number of genes. (b) Circle graph of CC category in GO functional annotation analysis. The size means the
number of genes. (c) Circle graph of MF category in GO functional annotation analysis. The size means the number of genes. (d) Circle
graph of KEGG pathway analysis. The size means the number of genes.

Table 3: Correlation analysis between ADGRD1 and predicted microRNAs.

Cancer MicroRNA Gene Cor CorPval LogFC diffPval

LUAD Hsa-miR-142-5p ADGRD1 -0.231 1:311E − 07 1.138 2:958E − 04
LUSC Hsa-miR-93-5p ADGRD1 -0.267 3:743E − 09 1.024 2:908E − 13

Hsa-miR-17-5p ADGRD1 -0.250 3:508E − 08 1.186 4:215E − 17
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our pan-cancer analysis, ADGRD1 had a critical effect on
prognosis of different cancers. Few studies have reported
the role of ADGRD1 in NSCLC prognosis. In this study,
ADGRD1 downexpression was linked to a worse prognosis
in LUAD and a better prognosis in LUSC, implying that
ADGRD1 could be a viable prognostic biomarker in NSCLC.

TMB has been demonstrated to be an independent pre-
dictor of immunotherapy response in various cancers, as
well as a predictor of patient clinical outcomes [18, 19].
MSI is an important clinical tumor marker induced by func-
tional abnormalities in DNA mismatch repair [20]. MSI has
been linked to various cancers, including endometrial, colo-
rectal, and prostate cancer [21–23]. According to this study,
ADGRD1 expression is related to TMB in 16 cancer types,
including LUAD and LUSC, and MSI in 6 cancer types,
including LUSC. The findings suggested that abnormal
ADGRD1 expression could be a useful biomarker for tumor
detection and treatment and linked to MSI and TMB.

The tumor microenvironment has become a popular
issue in tumor research. Immune cells have critical effects
on tumor microenvironment [24]. Plasma complement fac-
tor B expression was linearly associated with macrophage
M1 cells in the tumor microenvironment of thyroid carci-
noma [25]. In hepatocellular carcinoma, resting mast cells
in the tumor microenvironment were adversely linked with
PD-L1 mRNA expression [26]. There should be a positive
relationship between CD52 expression and activated
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Figure 7: The expression levels of ADGRD1 in BEAS-2B and NCI-
H1299 cells (∗P < 0:05, ∗∗P < 0:01, ∗∗∗P < 0:001).
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memory CD4+ T cells in breast cancer [27]. CCR4, CCR8,
and P2RY14 expressions were positively linked with T cells
CD4+ memory resting in head and neck squamous cell can-
cer [28]. Activated mast cells and resting mast cells were
associated with C3 in colorectal adenocarcinoma [29]. As a
result of the preceding, it might be concluded that various
immune cell contents in the tumor microenvironment of
different cancers were related to the expression of different
genes. However, there have been few reports linking
ADGRD1 to the tumor microenvironment. ADGRD1
expression was connected with macrophage M1, mast cell
resting, T cell CD4 memory activated, and T cell CD4 mem-
ory resting in LUAD and be associated with mast cell acti-
vated and mast cell resting in LUSC.

Abnormal immune-related gene expression is strongly
associated with immune infiltrating cells in various ways,
making it a potential diagnostic and therapeutic target that
provides new avenues for studying tumor molecular mecha-
nisms of tumors [30–32]. Additionally, tumor-related genes
influence various biological processes involved in tumor for-
mation and treatment though activating distinct signaling
pathways [33–35]. In this study, ADGRD1 was significantly
linearly correlated with 149 immune-related genes in
NSCLC, and for GO functional annotation analysis, these
genes were most enriched in terms “positive regulation of
leukocyte activation”, “positive regulation of cell activation”
, and “leukocyte migration” in BP category, “external side
of plasma membrane”, “secretory granule lumen”, and
“cytoplasmic vesicle lumen” in CC category, and “receptor
ligand activity”, “cytokine activity”, and “cytokine receptor
binding” in MF category. According to KEGG pathway anal-
ysis, the most enriched pathways of ADGRD1 and associ-
ated immune-related genes in NSCLC were “cytokine
−cytokine receptor interaction,” “hematopoietic cell line-
age,” and “phagosome.” The findings imply that these genes
possibly have critical effects on NSCLC cancer pathogenesis,
progression, and tumor therapy through revealing tumor
molecular life processes via these pathways.

By understanding tumor-related biological pathways,
microRNAs have provided critical hints for developing
active diagnostic and therapeutic targets or unique prognos-
tic biomarkers. The miR-6845-5p/miR-4455-ADGRD1
pathway was related to gastric cancer incidence [36]. miR-
142-5p overexpression may increase breast cancer prolifera-
tion, invasion, and migration when SORBS1 is targeted [37].
Increased apoptosis and decreased recurrence rate are asso-
ciated with increased radio-sensitivity of breast cancer cells
when miR-93-5p is overexpressed, implying the role of
miR-93-5p may act as a potential therapeutic target for
breast cancer [38]. miR-17-5p may have an important effect
on pathogenesis of triple-negative breast cancer, and its
increased expression is associated with prognosis, implying
the role of miR-17-5p as the therapeutic target for triple-
negative breast cancer [39]. According to our results, miR-
142-5p was connected with prognosis LUAD-targeted
ADGRD1, but miR-93-5p and miR-17-5p-targeted
ADGRD1 were found to be associated with LUSC prognosis.

However, this study has several drawbacks. First, bioin-
formatics analysis of ADGRD1 was performed using several
databases, which may introduce systematic bias. Second,
although RT-PCR technique was involved for verifying
ADGRD1 expression within NSCLC, it would be more pre-
cise to carry out in vitro/in vivo experiments and even clin-
ical research to prove the prognostic role of ADGRD1in this
study. Third, despite the expression of ADGRD1 was
detected to be associated with tumor-infiltrating immune
cells and prognosis of patients, we were unable to confirm
the exact mechanism of the prognostic features. Therefore,
future prospective studies focusing on ADGRD1 expression
and immune infiltrating cells may be needed to solve this
issue.

5. Conclusion

In summary, we found that ADGRD1 showed relationship
to the clinical outcomes, TMB, MSI, and immune infiltrating
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Figure 8: The immunohistochemical results of ADGRD1 in normal, LUAD, and LUSC tissues from the HPA.
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cells in multiple cancers. In NSCLC, ADGRD1 expression
was lowered and significantly associated with prognosis,
TMB, MSI, tumor microenvironment, and immune infiltrat-
ing cells. Additionally, the upstream miRNAs of ADGRD1,
ADGRD1 associated immune-related genes, together with
ADGRD1 and its associated immune-related genes enriched
pathways were defined in NSCLC. As a result, the expression
and the mechanism regulation of ADGRD1 might be the
prognostic markers in NSCLC.
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