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Backgrounds: CD146 is highly expressed in various malignant tumors and associated
with the poor prognosis. However, the role of CD146 in clear cell renal cell carcinoma
(ccRCC) is still unknown. This study aimed to identify the role of CD146 in ccRCC by
integrated bioinformatics analysis.

Methods: CD146mRNA expression and methylation data in ccRCC was examined using
the TIMER, UALCAN, and MethSurv databases. CD146 expression in paraffin-embedded
tissues (140 cancer samples and 140 paracancer tissues) from our cohort were examined
by immunohistochemistry assay. The LinkedOmics database was used to study the
signaling pathways related to CD146 expression. TIMER and TISIDB were used to analyze
the correlations among CD146, CD146-coexpressed genes, tumor-infiltrating immune
cells, and immunomodulators. The relationship between CD146 and drug response in
renal cancer cell lines was analyzed by the CTRP and CCLE databases.

Results: The mRNA and protein levels of CD146 were elevated in ccRCC tissues than
that in paracancer tissues. The DNA methylation of CD146 in ccRCC tissues were lower
than that in normal tissues. Importantly, high CD146 expression was associated with poor
prognosis in patients with ccRCC. Furthermore, multivariate Cox regression analysis
showed that CD146 was an independent prognostic factor in ccRCC. GO and KEGG
pathway analyses indicated the co-expressed genes of CD146 were mainly related to a
variety of immune-related pathways, including Th1 and Th2 cell differentiation, Th17 cell
differentiation, and leukocyte transendothelial migration. Our data demonstrated that the
expression and methylation status of CD146 were strongly correlated with immune
infiltration levels, immunomodulators, and chemokines. Further, the sensitivity and
resistance of renal cancer cell lines to some drugs were related to CD146 expression.

Conclusions: Our study highlights the clinical significance of CD146 in ccRCC and
provides novel insights into the immune function of CD146 in the tumor microenvironment.
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INTRODUCTION

Clear renal cell carcinoma (ccRCC) is the most common subtype of
renal cell carcinoma (1). Despite substantial advancement in ccRCC
target therapies, such as tyrosine kinases inhibitors and mTOR
inhibitors, the prognosis for advanced and metastatic ccRCC
patients remains poor (2, 3). ccRCC is a highly immune-
infiltrated tumor (4). In patients with metastatic RCC,
immunotherapy-based combinations have become the standard of
care and show an efficacy and overall survival benefit in the first-line
metastatic setting (5, 6). The interaction between tumor cells and
the tumor microenvironment (TME) provides new insights into the
molecular drivers underlying ccRCC occurrence, metastasis, and
recurrence (7, 8). However, the molecular mechanisms underlying
ccRCC carcinogenesis remain unclear.

CD146, also known as MUC18, is a highly glycosylated type I
transmembrane protein. Normal expression of CD146 is
restricted to certain cell types, including endothelial cells (9),
fibroblasts (10), smooth muscle cells (11), and lymphocytes (12).
CD146 is weakly expressed or not detected in normal adult
tissues but is strongly upregulated under various pathological
conditions such as atherosclerosis (13), inflammation (14), and
tumorigenesis (15). Accumulating evidence confirmed that
CD146 was highly expressed on advanced primary and
metastatic cancers including gastric cancer (16), melanoma
(17), and lung cancer (18). The overexpression of CD146 could
promote tumor progression and metastasis by altering the
expression of genes in cancer cell proliferation, apoptosis, and
angiogenesis (19, 20). While the expression of CD146 and
clinical significance in ccRCC is still unknown.

Growing evidence suggested that CD146 could promote the
tissue-infiltrative potential and augment inflammatory response in
several inflammatory diseases, including systemic sclerosis (21),
rheumatoid arthritis (22), and inflammatory bowel disease (23).
CD146 participates in the regulation of local immunity by
recruiting mononuclear cells from the peripheral blood to the
site of inflammation (24). CD146 also induces the formation
of cytoplasmic protrusions and acts as an endothelial adhesion
receptor, thereby mediating lymphocyte adhesion, transmigration,
and lymphocyte homing (25). Previous studies have shown that
inflammation affects the progression of cancer, as the chronic
inflammation persists, the risk of carcinogenesis increases (26).
Netti GS et al. reported that the expression of PTX3 can affect
immunoflogosis in the ccRCC microenvironment, by activating
the classical pathway of CS (C1q) and releasing pro-angiogenic
factors (C3a, C5a), thus playing an effect on resident cells to
sustain carcinogenesis (27). Detection of these markers can
provide information on early diagnosis, treatment effect, and
prognosis of related malignant tumors (28, 29). Krishna Y et al.
show that M2 type macrophages dominate in metastatic
uveal melanoma and contribute to an immunosuppressive
TME by upregulation of CD146 (30). Nevertheless, the role of
CD146 in affecting the components in TME in ccRCC is still
poorly understood.

Here, we present a comprehensive analysis of CD146 in
ccRCC using multiple available databases. We found that
CD146 is significantly overexpressed in ccRCC, and CD146
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expression is associated with tumor stage, tumor grade, and
prognosis in ccRCC patients. The co-expressed genes of CD146
were enriched in pathways involved in endothelium
development, response to virus, T cell activation, and adaptive
immune response. Both CD146 expression and its methylation
status were correlated with tumor infiltrating immune cells and
immunomodulators in ccRCC. More importantly, we also
explored the potential of using CD146 as a possible therapeutic
target in ccRCC treatment. Our study indicated that CD146 may
be used as a prognostic biomarker and new immune-associated
therapeutic target for ccRCC patients.
MATERIALS AND METHODS

Tumor Immune Estimation
Resource Analysis
The Tumor Immune Estimation Resource (TIMER) (https://
cistrome.shinyapps.io/timer/) web server is a resource that
systematically analyzes immune infiltrates across different
cancer types (31). To evaluate the expression difference of
CD146 between tumor and adjacent normal tissues, we used
the TIMER database to study the RNA sequence data of different
cancer types in TCGA (The Cancer Genome Atlas). The immune
cell abundance was estimated by the TIMER algorithm.
Correlation modules were used to determine the relationship
between the RNA-seq expression profile data of CD146 in
ccRCC and immune cells, including CD4+ T cells, CD8+ T
cells, regulatory T (Treg) cells, T follicular helper (Tfh) cells,
Type 1 T helper (Th1) cells, Type 2 T helper (Th2) cells, natural
killer (NK) cells, myeloid dendritic cells, monocyte, neutrophils,
M1 macrophages, and M2 macrophages. The gene markers of
immune cells were also correlated with CD146 expression using
gene modules. These gene markers referenced are cited in
previous publications (32–34).

DNA Methylation Analysis
DNA methylation during carcinogenesis has an impact on not
only gene expression, but also the prognosis of cancer patients
(35). MethSurv (https://biit.cs.ut.ee/methsurv/) is a web portal
that provides survival analysis based on DNA methylation
biomarkers using TCGA data. DNA methylation of CD146 at
CpG sites and the prognostic value of these CpG sites in ccRCC
were analyzed by MethSurv.

Patients and Clinical Materials
Tumor specimens were collected from 140 ccRCC patients
diagnosed with ccRCC treated with radical or partial
nephrectomy at the Department of Urology of the Chinese
People’s Liberation Army (PLA) General Hospital (Beijing,
China) from January 2013 to December 2019. The medical
records of clinic-pathologic data from our institutional
database, including age, gender, T stage, N stage, M stage, and
Fuhrman grade, were retrospectively reviewed. All patients were
staged according to the eighth edition of the AJCC-UICC TNM
classification (36). Fuhrman classification was used to attribute
December 2021 | Volume 11 | Article 744107
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nuclear grade (37). The clinic-pathologic data are reported in
Table 1. All samples of cancer tissue had been pathologically
confirmed as ccRCC by two pathologists. All patients were
informed and signed a consent for the use of clinical data for
scientific purposes. The present study was approved by the ethics
committee of the Chinese PLA General Hospital.

Immunohistochemistry
To determine CD146 protein expression in ccRCC, IHC staining of
CD146 was conducted on cancer and paracancer tissues for 140
ccRCC cases from our cohort. For IHC staining, a tissue microarray
(TMA) was obtained from the tissue bank at the Department of
Urology of the Chinese PLA General Hospital. IHC staining of
TMA tissues was performed with antibodies against CD146
(Abcam, ab75769). The standard protocols were followed as
previously described (38). Slides were scanned using an Axio
Image Z2 Microscope (Zeiss) and the TissueFAXS imaging
system (TissueGnostics GmbH, Austria). All images were analyzed
by TissueQuest and StrataQuest software (TissueGnostics GmbH,
Austria). Staining intensity was scored 0 (negative), 1 (weak), 2
(moderate), and 3 (strong). Staining range was scored on a 4-point
scale (0 = 0%, 1= 1%∼24%, 2 = 25%∼49%, and 3=50%∼100%). The
final IHC scorewas obtained bymultiplying the intensity scores with
the staining range. ccRCC patients with a final IHC score ≥4 were
included in the high CD146 group, whereas those with a final IHC
score<4 were included in the low CD146 group (39).

Western Blot
Western blot assays were used according to standard techniques
as previously reported (40). Antibodies against CD146 (ab75769;
Abcam) and b-actin (#3700; CST) were used.

UALCAN Analysis
UALCAN (http://ualcan.path.uab.edu/) is a web resource for online
analysis of gene transcriptional data and clinical data of cancers
from TCGA (41). We obtained differential expression of CD146
Frontiers in Oncology | www.frontiersin.org 3
mRNA and protein of CD146 in ccRCC tumor tissues and adjacent
normal tissues in the UALCAN database. DNA hypermethylation
at promoters can lead to gene silencing (42). To further identify the
mechanisms underlying the upregulation of CD146 in ccRCC, the
methylation levels of CD146 in the ccRCC dataset were also
analyzed by the UALCAN database. The differential expression of
CD146 and its promoter methylation status in patients with various
tumor grade (grades 1, 2, 3, and 4), tumor stage (stages 1, 2, 3, and 4)
and ccRCC subtype (ccA and ccB) were also compared.

LinkedOmics Database Analysis
The LinkedOmics database (http://www.linkedomics.org/login.
php) is acknowledged as a web portal that analyses multi-omics
data from TCGA datasets (43). We searched for the differentially
expressed genes related to CD146 in ccRCC using the LinkFinder
module. The correlation results were analyzed by the Pearson
correlation coefficient and were visualized by volcano plot and
heat maps. To obtain description information, the differentially
expressed genes related to CD146 were annotated using Gene
Ontology (GO) analysis, Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis, and gene set
enrichment analysis (GSEA) via the LinkInterpreter module.

TISIDB Database Analysis
The TISIDB database (http://cis.hku.hk/TISIDB) is a web server for
the interplay between the tumor and immune system, which can
assist in the prediction of immunotherapy responses (44). In our
study, the associations between CD146 expression and lymphocytes,
immunomodulators, and chemokines were analyzed by the TISIDB
database. A ‘rho’ value greater than 0.2 and less than −0.2 was
considered as a significant correlation at p < 0.05 (45).

Correlation Between CD146 and
Drug Response
To explore whether CD146 could be used as a therapeutic target
in cancer patients, we investigated the correlation between
TABLE 1 | Relationship between CD146 expression and clinicopathological features in patients with ccRCC.

Variable No. of patients (%) c2 p-value

Patients CD146 high CD146 low

Age (years)
≤60 104 50(48.1) 54(51.9) 1.126 0.289
> 60 36 21(58.3) 15(41.7)
Gender
Male 108 53(49.1) 55(50.9) 0.509 0.476
Female 32 18(56.3) 14(43.8)
T stage
T1+T2 106 49(46.2) 57(53.8) 3.517 0.061
T3+T4 34 22(64.7) 12(35.3)
N stage
N0 128 64(50.0) 64(50.0) 0.305 0.581
N1 12 7(58.3) 5(41.7)
M stage
M0 134 66(49.3) 68(50.7) 2.668 0.102
M1 6 5(83.3) 1(16.7)
Fuhrman grade
Grade 1 + 2 100 39(59.6) 61(40.4) 19.215 0.000
Grade 3 + 4 40 32(83.7) 8(16.3)
December
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CD146 expression and drug response. CD146 gene expression
levels in 30 cancer cell lines were obtained from the Cancer Cell
Line Encyclopedia (CCLE; https://portals.broadinstitute.org/
ccle/). Drug response data in cancer cell lines were
downloaded from the Cancer Therapy Response Portal (CTRP,
https://portals.broadinstitute.org/ctrp.v2.2/) (46). The
correlation between CD146 expression and drug response area
under the curve (AUC) was analyzed by Pearson correlation
coefficient analysis in each cancer cell type. The percentage of
drugs significantly correlated with CD146 was obtained. The
ratio of drugs related to CD146 in 10 different cancer types with
30 cell lines was represented by histogram. The correlation
between CD146 and 545 drug responses under the curve in 21
renal cancer cell lines were analyzed by SangerBox and shown by
volcanic plots. We considered a p-value of less than 0.05 as
statistically significant.
Statistical Analysis
Statistical analysis was performed using the GraphPad
Prism version 8.0 (GraphPad software, USA) and Statistical
Package for Social Sciences (SPSS 17.0 for Windows, SPSS,
Chicago, IL). The measurement data are presented as mean ±
SD. An independent samples t test was used to analyze the
differential expression levels of CD146 mRNA between the
ccRCC tissues and the adjacent normal tissues from TCGA
databases. Correlations between CD146 expression and
clinicopathological characteristics were analyzed by the Pearson’s
Chi squared test. Overall survival (OS) analysis and progression-
free survival (PFS) analysis were performed by Kaplan–Meier plots
and the differences were compared using the log-rank test.
Univariate and multivariable analyses were performed using the
Cox proportional hazards regression models. A two-tailed P value
of 0.05 was considered statistically significant.
RESULTS

CD146 Is Upregulated in ccRCC
Compared with normal tissues, CD146 was upregulated in
cholangiocarcinoma, head and neck squamous cell carcinoma,
kidney renal clear cell carcinoma, liver hepatocellular carcinoma,
pheochromocytoma and paraganglioma, prostate adenocarcinoma,
and thyroid carcinoma cancers, while CD146 was downregulated in
bladder urothelial carcinoma, breast invasive carcinoma, cervical
squamous cell carcinoma and endocervical adenocarcinoma, kidney
chromophobe, lung adenocarcinoma, lung squamous cell
carcinoma, and uterine corpus endometrial carcinoma cancers
(Figures 1A, B). Consistent with the mRNA expression data, we
found that CD146 protein was highly expressed in the ccRCC
cancer tissues compared with paracancer tissues (Figure 1C). The
positive staining of CD146 was mainly located in the plasma and
membrane (Figure 1C). The results of UALCAN database analysis
further confirmed that CD146 protein expression was higher in
primary ccRCC cancer tissues than that in paracancer tissues
(Figure 1D). The western blot assay also confirmed that CD146
is higher in ccRCC tumor tissues than that in paracancer tissues
Frontiers in Oncology | www.frontiersin.org 4
(Figure 1E). This evidence strongly indicated that the mRNA and
protein expressions of CD146 were significantly upregulated
in ccRCC.
The Prognostic Value of CD146 and Its
Correlation With Clinicopathological
Parameters in ccRCC
As is shown in Table 1, CD146 was more expressed in higher
grade cancers compared to lower grades cancers (Table 1).
Kaplan-Meier analysis demonstrated that high expression of
CD146 was significantly associated with poor OS [hazard ratio
(HR) = 3.677, p = 0.0028] and PFS (HR = 3.493, p = 0.0009) in
ccRCC patients (Figures 2A, B). Univariate Cox regression
analyses showed an association between OS with age, T stage,
N stage, M stage, Fuhrman grade, and CD146 expression.
Moreover, multivariate Cox regression analysis showed that
CD146 expression (HR = 4.655, p = 0.007), Fuhrman grade
(HR = 3.472, p = 0.005), and M stage (HR = 3.625, p = 0.004)
were independent prognostic factors for ccRCC patients
(Table 2). Univariate Cox regression analysis indicated that T
stage, N stage, M stage, Fuhrman grade, and CD146 expression
were correlated with PFS. Furthermore, multivariate Cox
regression revealed that CD146 expression (HR = 5.829, p =
0.001), Fuhrman grade (HR = 2.927, p = 0.007), and M stage
(HR = 3.028, p = 0.005) were independent prognostic indicators
for ccRCC patients (Table 3). These results suggest that CD146
was upregulated in ccRCC and associated with worse prognosis.
DNA Methylation of CD146 and Its
Prognostic Value in ccRCC
DNA methylation levels of CD146 were significantly lower in
ccRCC cancer tissues compared with normal samples
(Figure 3A). The methylation status of CD146 was high in late-
stage and high-grade tumors (Figures 3B, C). Furthermore,
correlation analysis indicated that expression of CD146 mRNA
was significantly negatively correlated with its methylation status
(Figure 3D). Among 18 predicted CpG sites of CD146, 15 CpG
sites, including cg08187057, cg09042577, cg25484790, cg081861493,
cg21096399, cg18890215, cg24827784, cg18165196, cg14976391,
cg17466841, and cg11287851, were significantly correlated with
the prognosis of ccRCC (Table 4). Consistently, CpG sites of
CD146, including cg08187057, cg09042577, cg25484790,
cg18890215, cg24827784, cg14976391, and cg17466841, showed
higher methylation levels in ccRCC, indicating that the CD146
methylation in these CpG sites was correlated with poor prognosis
in ccRCC patients (Figure 3E). These results revealed that the
methylation levels of CD146 act as an effective prognostic
biomarker for ccRCC, demonstrating that CD146 may have a
pivotal role in tumor progression.

CD146 Co-Expression Network in ccRCC
The results of the co-expression pattern of CD146 showed that
1904 genes were positively correlated with CD146, while 1696
genes were negatively correlated with CD146 (Figure 4A). Heat
maps displayed the top 50 genes positively and negatively
December 2021 | Volume 11 | Article 744107
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associated with CD146 (Figures 4B, C). GO term annotation
showed that co-expressed genes of CD146 join mainly in
endothelium development, response to virus, T cell activation,
adaptive immune response, extracellular structure organization,
angiogenesis, regulation of immune effector process, negative
Frontiers in Oncology | www.frontiersin.org 5
regulation of defense response, regulation of innate immune
response, leukocyte differentiation, etc. (Figure 4D). KEGG
pathway analysis indicated enrichment in the Notch signaling
pathway, Th1 and Th2 cell differentiation, microRNAs in cancer,
Th17 cell differentiation, leukocyte transendothelial migration,
A

B

D

E

C

FIGURE 1 | High Expression of CD146 in ccRCC. (A) Human expression levels of CD146 in various malignant tumor types from The Cancer Genome Atlas (TCGA)
database were analyzed by the Tumor Immune Estimation Resource (TIMER). CD146 was upregulated in cholangiocarcinoma (CHOL), head and neck squamous cell
carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), liver hepatocellular carcinoma(LIHC), pheochromocytoma and paraganglioma (PCPG), prostate
adenocarcinoma (PRAD), and thyroid carcinoma (THCA) cancers, and downregulated in bladder urothelial carcinoma (BLCA), breast invasive carcinoma (BRCA),
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC), kidney chromophobe (KICH), lung adenocarcinoma (LUAD), lung squamous cell
carcinoma (LUSC), and uterine corpus endometrial carcinoma (UCEC) cancers. *p < 0.05. **p < 0.01. ***p < 0.001. (B) Gene Expression Profiling Interaction
Analysis (UALCAN) for the expression of CD146 mRNA in tumor tissues and normal tissues based on TCGA samples. (C) Representative immunohistochemistry
images of CD146 in ccRCC cancer tissues and corresponding normal tissues. (D) Protein level of CD146 in normal tissues and ccRCC cancer tissues using CPTAC
samples by the UALCAN database. (E) Protein expressions of CD146 in five pairs of ccRCC and adjacent normal tissues samples were determined by western blot
assay (N: normal tissues, T: ccRCC cancer tissues).
December 2021 | Volume 11 | Article 744107
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and the Rap1 signaling pathway (Figure 4E). These results
indicate that the CD146 expression network influences the
immune microenvironment greatly in ccRCC.

CD146 Is Correlated With Immune
Infiltration in ccRCC
CD146waspositively correlatedwith infiltrating levels of neutrophils
(rho = 0.312, p = 7.44e-12), myeloid dendritic cells (rho = 0.533, p =
3.36e-35), active CD4+ T cells (rho = 0.377, p = 5.63e-17), CD8+ T
cells (rho=0.203, p=1.14e-05), Treg cells (rho=0.316, p=3.78e-12),
Tfh cells (rho= -0.251, p=4.58e-08),NKcells (rho=0.308, p=1.38e-
11), activatedmast cells (rho=0.307, p=1.49e-11),monocytes (rho=
0.256, p = 2.59e-08), macrophages (rho = 0.229, p = 6.56e-07), M1
macrophages (rho = 0.189, p = 4.46e-05), and M2 macrophages
(rho = -0.333, p = 2.01e-13) (Figure 5A). In addition, CD146 was
significantly correlated with the gene markers of monocytes,
macrophages, M1 macrophages, M2 macrophages, neutrophils,
Frontiers in Oncology | www.frontiersin.org 6
NK cells, dendritic cells, Th1 cells, Th2 cells, Tfh cells, and Treg
cells (Table 5). CD146 was significantly correlated with immune
stimulators, such as TNFRSF4 (rho = 0.618, p < 2.2e-16), ENTPD1
(rho = 0.616, p < 2.2e-16), TMEM173 (rho = 0.505, p < 2.2e-16), and
RAET1E (rho = 0.389, p < 2.2e-16) (Figure 5B). The expression of
CD146 was also associated with immune inhibitors, including KDR
(rho = 0.523, p < 2.2e-16), TGFB1 (rho = 0.424, p = 2.2e-16),
ADORA2A (rho = 0.352, p < 4.97e-17), and IDO1 (rho = 0.303,
p < 1.03e-12) (Figure 5C). CD146 expression was significantly
correlated with CCL14 (rho = 0.566, p < 2.2e-16), CCL26 (rho =
0.300, p < 1.82e-12), CCL28 (rho = 0.214, p < 6.64e-7), and CX3CL1
(rho = 0.232, p < 6.21e-8) (Figure 5D). Meanwhile, CD146
expression was significantly associated with chemokine receptors,
includingCCR10 (rho=0.443, p <2.2e-16),CXCR4 (rho=0.388, p<
2.2e-16),CCR6(rho=0.183,p<2.14e-5), andCCR7(rho=0.180, p<
2.88e-5) (Figure 5E). These results support the findings that CD146
may function as an immunoregulatory factor in ccRCC.
A B

FIGURE 2 | The prognostic value of CD146 in patients with ccRCC. (A, B) Kaplan–Meier survival analysis revealed that ccRCC patients with high CD146 expression
exhibited a shorter overall survival (A) and progression-free survival (B) than that in patients with low CD146 expression.
TABLE 2 | Univariate and multivariable Cox regression of CD146 expression for overall survival in ccRCC patients.

Variable Univariate Cox regression Multivariable Cox regression

HR 95%CI p-value HR 95%CI p-value

Age: >60 vs ≤60 0.431 0.212∼0.874 0.020 0.739 0.335∼1.632 0.455
Gender: male vs female 0.967 0.416∼2.244 0.967
T stage: T3+T4 vs T1+T2 3.668 1.761∼7.638 0.001 1.252 0.502∼3.123 0.630
N stage: N1 vs N0 4.416 1.680∼11.609 0.003 3.136 0.859∼11.444 0.084
M stage: M1 vs M0 8.994 4.146∼19.510 0.000 3.625 1.495∼8.789 0.004
Fuhrman grade: G3+G4 vs G1+G2 7.456 3.423∼16.245 0.000 3.472 1.455∼8.284 0.005
CD146: high vs low 8.117 2.833∼23.255 0.000 4.655 1.525∼14.207 0.007
December
 2021 | Volume 11 | Article
TABLE 3 | Univariate and multivariable Cox regression of CD146 expression for progression-free survival in ccRCC patients.

Variable Univariate Cox regression Multivariable Cox regression

HR 95%CI p-value HR 95%CI p-value

Age: >60 vs ≤60 0.730 0.366∼1.453 0.370
Gender: male vs female 1.227 0.539∼2.793 0.626
T stage: T3+T4 vs T1+T2 3.816 1.967∼7.400 0.000 1.360 0.605∼3.060 0.457
N stage: N1 vs N0 4.255 1.759∼10.295 0.001 2.397 0.809∼7.104 0.115
M stage: M1 vs M0 7.891 3.841∼16.213 0.000 3.028 1.393∼6.581 0.005
Fuhrman grade: G3+G4 vs G1+G2 6.302 3.140∼12.648 0.000 2.927 1.341∼6.390 0.007
CD146: high vs low 8.897 3.405∼23.245 0.000 5.829 2.110∼16.103 0.001
744107
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CD146 Methylation Is Associated With
Immunosuppressive Status in ccRCC
As presented in the previous results, CD146 methylation in
ccRCC correlates with prognosis in ccRCC. To elucidate the
effect of CD146 methylation on the progression of ccRCC, we
Frontiers in Oncology | www.frontiersin.org 7
assessed the correlation of CD146 methylation with immune
infiltration using TISIDB platforms. The result revealed that the
methylation status of CD146 was negatively correlated with NK
cells (rho = -0.153, p = 0.006), Th1 cells (rho = -0.119, p = 0.034),
Th2 cells (rho = -0.242, p = 1.27e-5), and gdT cells (rho = -0.134,
A B

D

E

C

FIGURE 3 | DNA methylation levels of CD146 and its prognostic value in ccRCC. (A) Promoter methylation level of CD146 in normal tissues and primary ccRCC
tissues by the UALCAN database. (B, C) Promoter methylation level of CD146 in ccRCC cancer tissues of various tumor stage (B) and tumor grade (C) by the
UALCAN database. (D) Correlation analysis of CD146 mRNA expression with CD146 promoter methylation status by the UALCAN database. (E) The heat map of
DNA methylation at CpG sites in the CD146 gene by the MethSurv database.
December 2021 | Volume 11 | Article 744107
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p = 0.0166) (Figure 6A). Similarly, the methylation status of
CD146 was negatively associated with immune stimulators, such
as C10orf54 (rho = -0.248, p = 8.13e-06), CD276 (rho = -0.296,
p = 8.58e-08), CXCR4 (rho = -0.149, p = 0.0078), and ENTPD1
(rho = -0.287, p =2.04e-07) (Figure 6B), while being positively
associated with immune inhibitors, such as CD274 (rho = 0.220,
p = 7.84e-05), CTLA4 (rho = 0.134, p = 7.84e-05), HAVCR2 (rho =
0.122, p = 0.0289), and KDR (rho = 0.287, p = 2.11e-07)
(Figure 6C). The methylation status of CD146 was also negatively
associated with chemokines and receptors, such as CCL14 (rho =
Frontiers in Oncology | www.frontiersin.org 8
0.341, p = 5.46e-10), CCR6 (rho = -0.122, p = 0.03), CCR10 (rho =
-0.311, p = 1.73e-08), and CXCR4 (rho = -0.149, p = 0.0078)
(Figure 6D). These results indicated that the methylation status of
CD146 is positively associated with immunosuppressive status
in ccRCC.

CD146 Expression and Drug Response in
Renal Cancer Cell Lines
As is shown in Figure 7A, the ratio of drugs significantly
correlated with CD146 expression in 10 different cancer cell
December 2021 | Volume 11 | Article 744107
TABLE 4 | The significant prognostic values of CpG in CD146.

Gene symbol CpG Name Hazard ratio CI LR test P value UCSC Ref Gene Group Relation to UCSC CpG Island

CD146 cg08187057 2.124 (1.444; 3.123) 1.6 e-04 3′UTR N_Shore
cg09042577 3.364 (1.944; 5.821) 7.6e-07 Body N_Shore
cg18165196 1.487 (0.913; 2.421) 0.097 Body N_Shore
cg25484790 2.848 (1.711; 4.740) 8.1e-06 Body N_Shore
cg08861493 1.959 (1.150; 3.337) 0.008 TSS1500 S_Shore
cg21090399 1.794 (1.096; 2.905) 0.014 TSS1500 S_Shore
cg18890215 1.898 (1.127; 3.196) 0.009 Body S_Shore
cg24827784 1.933 (1.224; 3.053) 0.003 Body S_Shore
cg03365354 1.236 (0.815; 1.874) 0.330 Body Island
cg03545206 0.437 (0.259; 0.738) 0.001 Body Island
cg04890495 0.658 (0.437; 0.989) 0.040 Body Island
cg14976391 1.895 (1.249; 2.873) 0.002 Body Island
cg17466841 2.482 (1.360; 4.530) 9e-04 Body Island
cg04470256 0.501 (0.340; 0.739) 4.6e-04 TSS200 Island
cg02673010 0.329 (0.197; 0.549) 2.2e-06 TSS200 Island
cg17622922 1.660 (1.131; 2.436) 0.096 TSS200 Island
cg26864130 0.390 (0.225; 0.676) 2e-04 TSS200 Island
cg11287851 1.824 (1.240; 2.682) 0.002 1stExon Island
A B

D E

C

FIGURE 4 | CD146 co-expressed genes and functional enrichment analysis. (A) Volcano map of co-expressed profiling of CD146 in ccRCC by the LinkedOmics
database. (B, C) Heat map of top 50 positively (B) and 50 negatively (C) correlated genes with CD146 are displayed. (D, E) CD146 co-expression genes were
annotated by Gene Ontology (GO) analysis (D) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis (E) available at LinkedOmics.
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line types is presented. The percentage of drugs significantly
related with CD146 in renal cancer cell lines accounted for 5.5%.
As is shown in Figure 7B, the relationship between CD146 and
545 drug response AUCs in renal cancer cell lines is presented.
The drugs associated with CD146 in renal cancer cell lines are
shown in Table 6. High CD146 expression was significantly
correlated with a better response of inhibitors of topoisomerase
I+II, including topotecan, SN-38, and etoposide. In addition,
Frontiers in Oncology | www.frontiersin.org 9
brivanib, inhibitor of VEGFR1/2, was also confirmed to be
related to CD146 expression. Besides, inhibitors of DNA
replication, including gemcitabine and clofarabine, were
correlated with CD146 expression. Moreover, high CD146
expression was related to drug resistance of quizartinib,
GSK1059615, BRD-K92856060, and AC55649. Overall, CD146
has the potential to become a therapeutic target for clinical
treatment of ccRCC.
A

B

D E

C

FIGURE 5 | Correlation between CD146 with immune infiltration in ccRCC. (A) Correlation between CD146 expression and the abundance of tumor infiltrating
immune cells in ccRCC available from the TIMER2.0 database. (B, C) Correlation between CD146 expression and immunostimulators (B) and immunoinhibitors (C)
in ccRCC available from the TISIDB database. (D, E) Correlation between CD146 expression and chemokines (D) and chemokine receptors (E) in ccRCC available
from the TISIDB database.
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DISCUSSION

Although surgical resection is the first-line therapy for clinically
localized RCC, mortality after surgical treatment for RCC cannot be
Frontiers in Oncology | www.frontiersin.org 10
ignored. Elder patients and patients at high stage tend to have a
higher 30-day mortality risk after surgery (47). Recent advances in
understanding the molecular background of ccRCC have led to
unprecedented progress in the diagnosis, prognosis, and therapy of
TABLE 5 | The correlations between CD146 and gene markers of immune cells in ccRCC and normal cells by GEPIA.

Description Gene markers None Purity
Cor p-Value Cor p-Value

CD8+T cell CD8A -0.005 0.910 -0.033 0.475
CD8B -0.028 0.521 -0.058 0.217

T cell (general) CD3D -0.001 0.973 -0.053 0.260
CD3E 0.053 0.221 0.011 0.810
CD2 0.024 0.584 -0.024 0.611

B cell CD19 0.022 0.618 -0.006 0.904
CD79A 0.026 0.542 -0.011 0.806

Monocyte CD86 0.016 0.717 -0.034 0.466
CD115(CSF1R) 0.165 *** 0.124 **

TAM CCL2 0.125 ** 0.122 **
CD68 -0.020 0.641 -0.052 0.267
IL10 0.083 0.055 0.054 0.243

M1 macrophage INOS(NOS2) 0.554 *** 0.537 ***
IRF5 -0.214 *** -0.266 ***
COX2(PTGS2) 0.227 *** 0.245 ***

M2 macrophage CD163 0.191 *** 0.156 ***
VSIG4 0.079 0.069 0.024 0.610
MS4A4A 0.154 *** 0.120 *

Neutrophils CD66b(CEACAM8) 0.087 * 0.095 0.041
CD11b(ITGAM) 0.093 * 0.055 0.240
CCR7 0.239 *** 0.195 ***

NK KIR2DL1 0.316 *** 0.305 ***
KIR2DL3 0.230 *** 0.214 ***
KIR2DL4 0.061 0.161 0.045 0.339
KIR3DL1 0.309 *** 0.309 ***
KIR3DL2 0.275 *** 0.254 ***
KIR3DL3 0.130 ** 0.109 *
KIR2DS4 0.274 *** 0.265 ***

Dendritic cell HLA-DPB1 0.080 0.066 0.032 0.499
HLA-DQB1 0.120 ** 0.087 0.062
HLA-DRA 0.048 0.264 0.001 0.984
HLA-DPA1 0.094 * 0.048 0.302
BDCA-1(CD1C) 0.245 *** 0.214 ***
BDCA-4(NRP1) 0.683 *** 0.668 ***
CD11c -0.032 0.455 -0.053 0.259

Th1 T-bet (TBX21) 0.338 *** 0.330 ***
STAT4 0.224 *** 0.181 ***
STAT1 0.027 0.533 -0.013 0.779
IFN-g(IFNG) -0.066 0.128 -0.109 *
TNF-a(TNF) 0.032 0.454 -0.003 0.950

Th2 GATA3 0.043 0.326 0.053 0.259
STAT6 0.228 *** 0.226 *
STAT5A 0.061 0.157 0.009 0.848
IL13 0.101 * 0.125 **

Tfh BCL6 0.303 *** 0.306 ***
IL21 0.005 0.901 0.000 1.000

Th17 STAT3 0.437 *** 0.437 ***
IL17A 0.024 0.577 0.003 0.942

Treg FOXP3 0.004 0.919 -0.042 0.369
CCR8 0.040 0.363 0.007 0.879
STAT5B 0.452 *** 0.458 ***
TGFb(TGFB1) 0.506 *** 0.504 ***

T cell exhaustion PD-1(PDCD1) -0.076 0.078 -0.110 *
CTLA4 -0.075 0.083 -0.124 **
LAG3 -0.094 * -0.133 **
TIM3(HAVCR2) 0.024 0.578 -0.002 0.965
GZMB 0.213 *** 0.209 ***
December
 2021 | Volume 11 | Article
*p < 0.05. **p < 0.01. ***p < 0.001.
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ccRCC (48). Immunotherapies targeting the PD-L1/PD1 pathway
have shown benefits in advanced ccRCC patients (49). However,
patients that are on immunotherapy will eventually develop
treatment resistance due to the immune evasion mechanism (50).
In addition to the PD-L1/PD1 pathway, ample evidence supports
the fact that many other molecules, such as siglec-15 and FGL1, also
contribute to dysfunctional immunity in the TME (51, 52).
Therefore, exploring the potential immune-related factors
responsible for tumor immune escape may help to improve the
prognosis of ccRCC patients. CD146, originally identified as a cell
adhesion molecule, is widely involved in immune response, cell
migration, and angiogenesis (15). Recent evidence also indicates
that CD146 is overexpressed in malignant tumors and is associated
with tumor progression (18, 53, 54). While the role of CD146 in
Frontiers in Oncology | www.frontiersin.org 11
ccRCC is unclear, we aimed at exploring the clinical significance and
biological functions of CD146 in ccRCC by employing open-access
databases for a comprehensive analysis.

According to the analysis of TCGA data and our IHC analysis,
ccRCC showed a remarkable high expression of CD146 as mRNA
and protein. The mechanism of CD146 upregulation in ccRCC is
unclear. Luo Y. et al. reported that CD146 expression and the HIF-
1a transcriptional program reinforce each other to physiologically
enable pulmonary artery smooth muscle cells to adopt a more
synthetic phenotype (11). As ccRCC is well elucidated for its VHL/
HIF dysregulation and downstream signal abnormalities (55), we
may speculate that the VHL/HIF pathway is the key upstream
regulator of CD146 in ccRCC, which needs further verification.
Researchers demonstrated that aberrant CpG island methylation of
A

B

D

C

FIGURE 6 | Association between the methylation status of CD146 with immune infiltrates in ccRCC. (A) Correlation of the methylation status of CD146 with NK
cells, Type 1 T helper cells, Type 2 T helper cells, and gdT helper cells in ccRCC available from the TISIDB database. (B–D) Correlation of the methylation status of
CD146 with immunostimulators (B) and immunoinhibitors (C) and chemokines/receptors (D) in ccRCC available from the TISIDB database.
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the CD146 gene promoter in breast cancer cells lines is involved in
the expression control of CD146 (56). So, we investigated the
promoter methylation level of CD146 in ccRCC using the
UALCAN database. We found that the DNA methylation levels
of CD146 in cancer tissues were significantly lower than that in
normal samples, indicating that a low level of promoter methylation
status of CD146 is responsible for the overexpression of CD146 in
ccRCC. CD146 was reported to promote tumor progression, and
elevated expression of CD146 predicted poor prognosis in cancer
patients. To determine whether CD146 could be used as a
prognostic marker in ccRCC, we investigated the prognosis of
ccRCC patients with different CD146 expression levels. In our
Frontiers in Oncology | www.frontiersin.org 12
cohort. we observed that high CD146 expression in ccRCC tissues
was associated with a poor prognosis in ccRCC patients.
Multivariate Cox regression further confirmed that high CD146
expression is an independent adverse prognosis factor for ccRCC
patients, suggesting that CD146 is a novel prognostic biomarker
in ccRCC.

The genes in the same clique tend to be co-expressed and
synergistically co-regulated. To unravel the biological functions of
CD146, co-expression analysis and functional enrichment analysis
were performed. Importantly, we identified genes involved in
various immune-related processes, including T cell activation,
adaptive immune response, regulation of immune effector process,
December 2021 | Volume 11 | Article 744107
A B

FIGURE 7 | Drug response analysis of CD146. (A) The ratio of drugs correlated with CD146 expression in 10 various cancer cell line types including 30 cell lines is
shown by histogram. (B) The correlation between CD146 expression and drug response in renal cancer cell lines is shown by volcano plot.
TABLE 6 | Drug response related to CD146 expression in renal cancer cell lines.

Gene
symbol

Compound p-
value

Correlation Compound
status

Target or activity of compound

CD146 gemcitabine <0.000 -0.071 approved inhibitor of DNA replication; inhibitor of ribonucleotide reductase, thymidylate synthetase, and
cytidine monophosphate (UMP-CMP) kinase

ML162 0.001 -0.703 probe selectively kills engineered cells expressing mutant HRAS
topotecan 0.002 -0.645 approved inhibitor of topoisomerase I
SB-225002 0.003 -0.633 probe inhibitor of chemokine receptor 2
SN-38 0.008 -0.572 probe metabolite of irinotecan; inhibitor of topoisomerase I
fluorouracil 0.010 -0.559 approved pyrimidine analog; inhibitor of thymidylate synthase
CR-1-31B 0.016 -0.530 probe silvestrol analog; inhibits translation by modulating the eIF4F complex
daporinad 0.025 -0.498 experimental inhibitor of nicotinamide phosphoribosyltransferase
GSK525762A 0.030 -0.485 probe inhibitor of bromodomain (BRD) and extra-C terminal domain (BET) proteins
BRD4132 0.031 -0.482 probe screening hit
clofarabine 0.032 -0.480 approved inducer of DNA damage
SNX-2112 0.033 -0.478 probe inhibitor of HSP90alpha and HSP90beta
WP1130 0.035 -0.474 probe inhibitor of the deubiquitinase activity of USP9X, USP5, USP14, and UCH37
I-BET151 0.035 -0.474 probe inhibitor of bromodomain (BRD) and extra-C terminal domain (BET) proteins
brivanib 0.038 -0.467 experimental inhibitor of VEGFR 1/2
serdemetan 0.040 -0.462 experimental inhibitor of MDM2
obatoclax 0.043 -0.456 experimental inhibitor of MCL1, BCL2, and BCL-xL
etoposide 0.046 -0.451 approved inhibitor of topoisomerase II
BIBR-1532 0.049 -0.446 probe inhibitor of telomerase reverse transcriptase
quizartinib 0.012 0.548 experimental inhibitor of VEGFR3
GSK1059615 0.027 0.495 experimental inhibitor of PI3K and mTOR kinase activity
BRD-
K92856060

0.027 0.494 probe screening hit

AC55649 0.048 0.447 probe agonist of retinoic acid receptor beta
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regulation of innate immune response, regulation of leukocyte
activation, macrophage activation, cytokine secretion, Th17 cell
differentiation, Th1 and Th2 cell differentiation, and leukocyte
transendothelial migration. These results indicate that CD146
may have complex regulatory roles in immune-related processes.
To elucidate the role of CD146 in the TME, the relationships
between CD146 and immune infiltration in ccRCC were analyzed
by TIMER and TISIDB databases. Our results demonstrated that
CD146 expression is not only significantly positively correlated with
immune infiltration of the immune cell populations including
neutrophil cells, monocytes, CD4+ T cells, CD8+ T cells,
macrophages, myeloid dendritic cells, and NK cells, but also
positively correlated with immunoinhibitors, such as KDR1,
TGFB1, IDO1, and ADORA2A. Correlations between CD146
expression and gene markers of immune cells further revealed
that CD146 has interactions with M2 macrophage cells and
various functional T cells, such as Treg cells and exhausted T
cells. These findings indicate that CD146 has dual inflammatory
functions in ccRCC. High CD146 expression could enhance anti-
tumor immunity by recruiting CD8+ T cells and NK cells to the
TME, meanwhile, it induces exhausted phenotype T cells, Treg cells,
and M2 type macrophages to accumulate in the TME, causing the
inefficiency of anti-tumor immunity. Recent studies provided some
insights that may explain the dual role of CD146 in ccRCC.
Although CD146 could recruit neutrophils, macrophages, or
activated T cells to the inflammatory microenvironment and exert
a proinflammatory function (25, 57), the dynamic interaction
between tumor cells and the TME could induce a chronic
inflammation milieu that drives cancer development and
progression (58, 59). The accumulation of Treg cells in tumors
could inhibit anti-tumor immune responses. Our results showed
that CD146 may be an important inducer of canonical features of T
cell exhaustion. We observed that CD146 is positively correlated
with key genes of exhausted T cells, including PD-1, LAG-3, TIM3,
and GZMB. These genes are important immune checkpoint and
immunotherapy targets in cancer therapy. Therefore, CD146 plays
critical but different roles on the regulation of the TME, which is
needed for identification at specific stages.

Dysregulation of DNA methylation of the epigenome will affect
tumor immunogenicity and immune cells in the TME (60). Our
study revealed that highmethylation status ofCD146was oftenmore
frequently in high-grade and late-stage ccRCC, which may suggest
that the pattern of methylation changes of CD146 promotes ccRCC
progression. A previous study reported that aberrant methylation of
the CD146 gene could potently induce the process of epithelial
mesenchymal transition in cancer cells, thus contributing to tumor
progression (56). To unravel the mechanism of CD146 methylation
in promoting ccRCC progression, we analyzed the relationship
between the methylation status of CD146 and immune infiltration.
Our data showed that the methylation status of CD146 is negatively
correlated with immune cells and immunostimulatory factors, while
positively correlated with the immunoinhibitors. Themethylation of
CD146may contribute to an immunosuppressiveTMEandpromote
tumor progression in ccRCC, which help to explain the high
methylation status in late-stage and high-grade ccRCC tumors. The
methylation of CD146 may be used as indicators of cancer immune
Frontiers in Oncology | www.frontiersin.org 13
infiltration and potential predictors of ccRCC patient response to
immunotherapeutic drugs. In addition, we also found that CD146
methylation at certain CpG sites was correlated with poor prognosis
in ccRCCpatients, indicating thatmethylation levels of CD146 act as
an effective prognostic biomarker for ccRCC.

Based on clinical and pathophysiological data, CD146 is a
promising therapeutic target in ccRCC. The results of drug
sensitivity analysis demonstrated that high CD146 expression in
renal cancer cell lines was significantly correlated with a better
response to brivanib, an inhibitor of VEGFR1/2. Previous studies
showed that CD146, as a coreceptor of VEGFR2, participates in the
angiogenesis of cancer via VEGF-induced VEGFR-2
phosphorylation (61, 62). Anti-CD146 and anti-VEGF therapy
have a cumulative inhibitory effect on tumor angiogenesis, which
may be new therapeutic models in ccRCC treatment. Besides, high
CD146 expression was significantly correlated with a better
response to inhibitors of topoisomerase, such as topotecan and
SN-38. We speculate the expression of CD146 in ccRCC may be a
new marker for increased sensitivity to topoisomerase inhibitors,
which needs further validation. Importantly, we demonstrated a
significant correlation of CD146 and drug resistance. For example,
CD146 was significantly correlated with the resistance of
GSK1059615. GSK1059615, an inhibitor of PI3K kinase activity,
inhibited cancer cell growth, survival, proliferation, and cell cycle
progression (63). The reason of the ineffectiveness of GSK1059615
in CD146 high expressing renal cancer cells may be that CD146
mediates mTORC2 activation, with no intervention of the PI3K and
mTORC1 pathways, and promotes cell proliferation and survival
(64). These results showed that CD146 may be a new therapeutic
target for treating ccRCC patients.

In conclusion, this mining study revealed that CD146 is a
prognosis-related biomarker for ccRCC. CD146 expression and
methylation status of CD146 not only correlates with immune
cell infiltration, but also correlates with immunomodulators and
chemokines. Our study has certain limitations as follows: Firstly,
gene expression analysis in our study, based on open-source
databases, might not be sufficiently accurate. This calls for
further experiments using in vitro and vivo models to explore
the potential biological mechanisms of CD146 as well as tumor-
immune interactions in ccRCC. Secondly, the role of CD146 in
determining the clinical outcome to immunotherapy is still in
need of further investigation. Thirdly, the scenario of
methylation changes in the CD146 gene during development
of ccRCC progression needs further study, as we cannot exclude
the fact that CD146 acts as a tumor suppressor at the initial stage
of carcinogenesis, as suggested by the study of Shih and others
(65), and turns into an oncogene in the advanced stage.
Therefore, our study highlights the novel immunomodulation
function of CD146 in ccRCC.
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