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Purpose To investigate the role of Biglycan(BGN) in the progression and metastasis of clear cell renal cell

Methods Based on multiple public databases, we investigated the expression level of BGN in ccRCC, its clinical sig-
nificance, and its association with immune cells. Real-time fluorescence quantitative polymerase chain reaction(PCR)
was employed to validate BGN expression in tumor and adjacent normal tissues from ten patients. We utilized RNA
sequencing results for further analysis, including differential gene analysis, GO-KEGG analysis, and GSEA analysis,

to identify the signaling pathways through which BGN exerts its effects. BGN knockdown cells(786—0 and Caki-1)
were generated through lentiviral transfection to examine the impact of BGN on ccRCC. Cell proliferation, migration,
and invasion were assessed using CCK8, colony formation, wound healing, Transwell migration, and invasion assays,

Results Our findings from database analysis and PCR revealed a significant upregulation of BGN expression in kidney
cancer tissues compared to normal tissues. Further analysis demonstrated a correlation between high BGN expres-
sion and ccRCC progression and immune infiltration. In vitro experiments confirmed that BGN silencing effec-

tively inhibited cell proliferation, migration, and invasion of ccRCC. Mechanistically, these effects may be mediated

Conclusion BGN potentially plays a pivotal role in the progression and metastasis of ccRCC, possibly acting
through the MAPK signaling pathway. Therefore, BGN holds promise as a potential therapeutic target for ccRCC.
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Introduction

Clear cell renal cell carcinoma (ccRCC) is the predomi-
nant histological subtype of renal cell carcinoma (RCC),
representing approximately 75% of all RCC cases,
which is a prevalent urinary system malignancy char-
acterized by a high metastasis rate and a dismal 5-year
survival rate following metastasis [1, 2]. In 2022, China
and the United States recorded over 70,000 new ccRCC
cases, with estimated deaths of 46,345 in China and
approximately 15,259 in the United States [3]. Nota-
bly, ccRCC often presents without overt clinical mani-
festations in its early stages, leading to most diagnoses
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being made incidentally through physical examinations
[4]. Consequently, we believe that the disparity in renal
cancer mortality rates between China and the United
States may be attributed to the lack of early screen-
ing for renal cancer patients in China, leading to many
cases being diagnosed at advanced stages [5]. Surgery
remains the first-line treatment for non-metastatic
ccRCC, generally yielding an excellent postoperative
prognosis. However, the 5-year survival rate plummets
once distant metastasis occurs [6]. Hence, elucidating
the key targets of renal clear cell carcinoma and iden-
tifying a stable biomarker for early ccRCC detection
and improved patient outcomes is of paramount impor-
tance. Biglycan (BGN) is a member of the Class 1 family
of small leucine-rich proteoglycans (SLRP). It partici-
pates in forming the extracellular matrix and plays an
essential role in building collagen fibers and cell signal
transduction [7, 8]. BGN is expressed in various cells,
such as bones, blood vessels, intestines, etc. Increased
or decreased expression can cause multiple diseases,
such as atherosclerosis [9], inflammation [7], skeletal
development disorders [10], atherosclerosis [11], and
malignant tumors [8]. Its expression is elevated in a
variety of tumors, and patients with elevated expression
are associated with poorer prognosis, so it may have
the potential to become a prognostic marker. Its molec-
ular mechanism has yet to be fully elucidated. Still, it
is currently considered to be related to the nuclear fac-
tor-kappa B (NF-kB) and extracellular signal-regulated
kinase (ERK) signaling pathways [12]. Many articles
view it as a marker that reflects prognosis and is closely
related to immunotherapy in colon cancer [13-15].
Among them, Liu Bin et al. explored that biglycan pro-
motes the NF-kB signaling pathway, reducing the sensi-
tivity of colon cancer chemotherapy [16].

This study employed TCGA, GTEX, HPA, and UAL-
CAN datasets, along with the Kaplan—Meier (KM) plot-
ter web tool, to analyze BGN expression, its association
with other genes, and its clinical significance. Concur-
rently, RNA sequencing was utilized to unravel the
potential biological functions of BGN in ccRCC, leading
to the hypothesis that it may function through the MAPK
signaling pathway. Subsequently, the influence of BGN
expression on immune infiltration was verified. Finally,
in vitro experiments using ccRCC cells were conducted
to assess the impact of BGN on ccRCC progression.

To summarize, our investigation elucidated the ele-
vated expression of BGN across various tumors and its
implications for patient prognosis. We specifically delved
into its expression in ccRCC, the impact of its increased
expression on patients, its effect on cells in vitro, and its
potential mechanism of action. Based on these findings,
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we posit BGN as a promising prognostic marker for
ccRCC.

Materials and methods

Data source

A ccRCC dataset comprising genome data and associ-
ated clinical information for 539 tumor and 72 normal
samples was obtained from the TCGA database (https://
portal.gdc.cancer.gov/repository).  Similarly, ccRCC
microarray data of GSE65615 from the Gene Expression
Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/
geo/) includes clinical genomic data and associated clini-
cal data for 122 tumors and 16 normal samples.

Procurement of pathological tissue

This study included clinical data from ten patients diag-
nosed with ccRCC who underwent laparoscopic radi-
cal or partial nephrectomy at the Affiliated Hospital of
Qingdao University in May 2022. All participants were
undergoing their first renal surgery, had no other primary
tumors, and had not received any preoperative treat-
ments to inhibit tumor growth. Pathological examination
confirmed that the intraoperative collected cancer tissue
specimens were indeed renal clear cell carcinoma, with
cancerous tissue comprising over 90%, while adjacent
tissue was identified as renal tissue. The adjacent tissue
specimen was collected from a region at least 1 cm dis-
tant from the tumor margin. Informed consent regarding
the collection and application of tissue specimens was
thoroughly explained to the patients, who signed the con-
sent form after careful consideration. This research was
conducted in accordance with ethical guidelines from
the Declaration of Helsinki, following approval from the
Medical Ethics Committee of the Affiliated Hospital of
Qingdao University (Ethics No.. QYFYWZLL26556).
During the procedure, renal clear cell carcinoma tissue
and adjacent renal tissue were fixed in formalin, placed in
cryovials, rapidly frozen in liquid nitrogen, and stored at
—80 °C for subsequent PCR experiments.

Real-time RT-PCR assay

In the real-time RT-PCR assay, we extracted RNA from
tissues in accordance with PCR experimental require-
ments. and then used an RT kit (servicebio, Wuhan) for
reverse transcription. The primers used in this study are
as follows:H-GAPDH-S: GGAAGCTTGTCATCAATG.
GAAATC, H-GAPDH-A: TGATGACCCTTTTGGCTC
CC; H-BGN-S:GACCTGGGTCT GAAGTCTGTGC,H-
BGN-A: GTTGTTCACCAGGACGAGGG.

The human protein atlas
This study utilized the HPA (Human Protein Atlas)
database to examine the protein expression of BGN in
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ccRCC tissues [17]. The HPA, based on proteomics, tran-
scriptomics, and systems biology data, generates spatial
expression maps of proteins across various tissues, cells,
and organs.

Cell culture

The ccRCC cell lines 786—0 and Caki-1 were obtained
from Wuhan Punosai Biotechnology Co., China and
maintained in DMEM (PM150210, Procell Life Science &
Technology) supplemented with 10% fetal bovine serum
(FBS) (164,210-50, Procell Life Science & Technology)
and incubated at 37 °C in a 5% CO, incubator.

Establishment of stable cell lines via lentiviral transduction
The lentivirus and reagents required for transfection
(purinomycin and polybrene reagent) were provided by
Heyuan Biotechnology Co., LTD (Shanghai, China). The
cells were digested and prepared into a suspension with
a concentration of 4x 10 [3] cells/mL. After adding 500
uL of this suspension to each well of a 24-well plate, the
wells ware incubated overnight. Next, 2.5 uL of a 5 mg/
mL polybrane reagent was added to each well, followed
by the addition of lentivirus. After 16 h of transfection,
the medium was replaced, and the cells were continued
in culture. The fluorescence of the cells was monitored
regularly, and, after the addition of puramycin to the
cells, reaching a final concentration of 2 pg/mL, cells can
underwent subsequent experiments following three gen-
erations of selection.

Western blot analysis and antibodies

In brief, cells were washed and lysed with RIPA (E-BC-
R327, Elabscience Biotechnology Co.) lysis buffer to
extract the protein solution. The concentration of
extracted proteins was determined using the Bicin-
choninic Acid (BCA) method. Extracted proteins were
boiled at 100 °C for 15 min and separated using sodium
dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE). The protein was then transferred to a 0.45
um polyvinylidene fluoride membrane blocked with skim
milk and incubated with the corresponding primary and
secondary antibodies. Finally, ECL detection reagents
were used to visualize the protein signal and analyze
data. The primary antibodies were BGN (Abcam, 1:2000
dilution) and GADPH (Elabscience Biotechnology Co.,
1:5000 dilution).

Cell counting kit-8 (CCK-8) assay

Caki-1 and 786-0 cells with transfection were plated into
96-well plates(1000 cells/well). 10 pL of CCK-8 reagent
(HY-K0301, MCE, USA) were added to each well at spec-
ified time points(24, 48, 72, 96 and 120 h). The plates,
wrapped in aluminum foil, were placed in the incubator
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for 1 h. Subsequently, the absorbance at 450 nm was
measured using a microplate reader..

Cell proliferation and cell migration assay

For the transwell migration assay, 600 puL of medium
containing 10% FBS was added to the lower layer of the
culture chamber. Next, 100 pL of single-cell suspension
containing 2x 1074 cells was added to the upper cham-
ber, and the cells were cultured for 12 h. After incubating
the cells for 24 h, they were fixed, washed, and stained
with 0.5% crystal violet. Images were then obtained
under a microscope.

RNAseq analysis

Cells were lysed in TRIzol (9108, Takara, Japan). RNA
samples extracted from the cells were sent to genedenovo
Biotechnology Co., Ltd.(Guangdong, China) for follow-
up experiments: Total RNA was extracted from the sam-
ples using appropriate kits to remove rRNA and enrich
mRNA. Subsequently, the enriched mRNA was reverse-
transcribed to generate double-stranded cDNA. Follow-
ing cDNA end repair, adapters were ligated, and PCR
amplification was performed. A computer-controlled
library was constructed, and library quality was assessed.
Finally, a series of analyses were conducted, including
GO-KEGG analysis, DO research, GSEA analysis, and
others.

Colony formation assay

Caki-1 and 786-0 cells with transfection were plated into
6-well plates (150 cells per well) and maintained for two
weeks to induce colony growth. The colonies were then
fixed with 4% paraformaldehyde and stained with 0.1%
crystal violet. Each group was replicated in three wells.

Statistical analysis

Data analysis was performed using R software version
v3.6.3. The "ggplot2", "survminer", and "survival" R pack-
ages were used to generate expression analysis and KM
survival curves. Log-rank tests were employed to assess
statistical significance. Univariate Cox proportional haz-
ards regression was used to estimate p-values and hazard
ratios (HRs) with 95% confidence intervals (CIs) in KM
curves. Two-gene correlation analysis was performed
using the R package "ggstatsplot”. Correlations between
quantitative variables were evaluated using Pearson’s
or Spearman’s correlation analysis. Data from the BGN
functional assay were statistically analyzed using Graph-
Pad Prism 7.0. Statistical significance was determined
based on p-values: *p<0.05, **p<0.01, ***p<0.001,
***%p < 0.0001.
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Results

BGN expression levels in pan-cancer and normal tissues
We analyzed the expression levels of BGN in tumor tis-
sues and corresponding normal tissues of pan-cancer
patients using data from the TCGA and GTEx databases.
Our findings indicate that BGN expression is up-regu-
lated in 15 types of tumors compared to normal tissues
(Fig. 1A). Additionally, we examined expression data of
BGN in paired cancer tissues and adjacent normal tis-
sue samples from human cancers, also obtained from
the TCGA database and GTEx databases. This analysis
revealed that 15 types of tumor tissues exhibit elevated
BGN expression compared to their normal counter-
parts (Fig. 1B). To investigate the potential prognostic
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value of BGN, we collected BGN mRNA expression lev-
els and patient overall survival (OS) data for pan-cancer
and adjacent normal tissue types in the TCGA database.
We then performed KM survival analysis and log-rank
tests to assess the relationship between BGN expres-
sion and patient survival. Our results demonstrate that
higher BGN expression levels are significantly associ-
ated with poor prognosis in four types of cancer: ccRCC
(clear cell renal cell carcinoma), KIRP (kidney renal pap-
illary cell carcinoma), STAD (stomach adenocarcinoma),
and HNSC (head and neck squamous cell carcinoma)
(Fig. 1C). These findings underscore the significance
of BGN expression and its prognostic implications in
pan-cancer.
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Fig. 1 Expression pattern and prognostic value of BGN from the perspective of pan-cancer. A BGN expression levels in different tumor tissues
and adjacent normal tissues from TCGA and GTEx databases. B BGN expression levels in paired cancer tissues and adjacent normal tissue samples
from human cancer (C) Prognostic analysis of BGN mRNA expression levels in various human cancers. NS, p>0.05, *p < 0.05, **p <0.01, ***p < 0.001
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BGN expression is increased in ccRCC

We conducted a comprehensive evaluation of BGN
expression levels in ¢ccRCC, and the results consistently
demonstrated elevated BGN expression in tumor tis-
sues, regardless of whether paired or unpaired data was
analyzed (Fig. 2A, B). To further corroborate these find-
ings, we examined BGN expression in ccRCC using the
"GSE65615" dataset from the GEO database. The results
obtained align with previous studies, confirming the
up-regulation of BGN in ccRCC (Fig. 2C).In addition,
we performed qPCR analysis on tumor tissues and adja-
cent tissues from 10 ccRCC patients, further validating
the increased mRNA level of BGN in ¢cRCC (Fig. 2D).
Immunohistochemistry (IHC) staining data from the
HPA database also supports the notion of BGN protein
up-regulation in clear cell renal cell carcinoma (Fig. 2E).
Taken together, these findings from multiple database
analyses and PCR experiments consistently demon-
strate the up-regulation of BGN in ccRCC, suggesting its
potential role in influencing patient prognosis.

BGN overexpression was associated with poor patient
prognosis

We investigated the association between BGN expres-
sion and various clinical characteristics, including TNM
stage, gender, age, and histological stage. Elevated BGN
expression was found to be significantly correlated with
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these factors (Fig. 3A-F). Additionally, logistic regres-
sion analysis revealed a significant association between
BGN expression and poor clinicopathological prognosis,
encompassing T stage (T3 vs. T1&T2), M stage (M1 vs.
MO), gender (male vs. female), histopathological stage
(G3&G4 vs. G1&G2), pathological stage (stage III&IV vs.
stage I&II), race (white vs. yellow & black), and hemo-
globin concentration (normal vs. increased vs. decreased)
(Table 1). Collectively, these findings suggest that ele-
vated BGN expression may be linked to adverse clinical
outcomes.

Gene functional annotation and pathway analysis

We investigated the underlying mechanisms by which
BGN promotes c¢cRCC progression and metastasis.
RNA extracted from Caki-1 knockout and control
cells was processed for library construction, rigor-
ously quality checked, and subsequently sequenced.
Based on the differential expression analysis, we
screened for significantly different genes according to
p<0.05 and |log2FC|>log2(1.5). Volcano plot analy-
sis was performed based on the significantly different
genes identified in each comparison group (Fig. 4A).
The differential gene expression patterns were ana-
lyzed and the processed results were presented as heat
maps (Fig. 4B). Functional annotation indicated that
these genes are involved in blood vessel development,

m
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Cancer

Normal

Fig. 2 Expression of BGN RNA and protein in ccRcc. A-B BGN expression levels in ccRec tissues and normal tissues from TCGA and GTEx databases.
C BGN expression levels in ccRec tissues and normal tissues determined from GEO datasets. D BGN mRNA expression levels in ccRcc patients
and matched adjacent normal samples. E BGN protein expression levels based on human protein atlas. **p <0.01 ***p < 0.001,****p <0.0001
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Table 1 Logistic regression analysis of the correlation between BGN expression and clinical pathological characteristics

Characteristics Total (N) OR (95% Cl) P value
Pathologic T stage (T3 vs. T1&T2) 530 0.434 (0.300—0.628) <0.001
Pathologic N stage (N1 vs. NO) 258 0.580 (0.205—1.647) 0.307
Pathologic M stage (M1 vs. MO) 508 0.411 (0.245—0.688) <0.001
Gender (Male vs. Female) 541 0.604 (0.422—0.864) 0.006
Age (>60 vs.< =60) 541 0.856 (0.611—1.200) 0.367
Histologic grade (G4&G3 vs. G1&G2) 533 0.449 (0.317—0.635) <0.001
Pathologic stage (Stage IlI&Stage IV vs. Stage 1&Stage II) 538 0.389 (0.272—0.557) <0.001
Race (White vs. Asian&Black or African American) 534 0.368 (0.209—0.647) <0.001
Serum calcium (Normal&Elevated vs. Low) 367 0.904 (0.598—1.366) 0.631
Hemoglobin (Normal&Elevated vs. Low) 461 1464 (1.010—2.122) 0.044
Laterality (Right vs. Left) 540 1.143 (0.815—1.603) 0.438

blood vessel morphogenesis, urogenital system devel- space, molecular function regulator, signaling recep-
opment, cell population proliferation and others tor binding, lipid binding, signaling receptor regula-
(Fig. 4C). Alterations in the biological processes (BP) tor activity, signaling receptor activator activity, and
and molecular functions (MF) of BGN were associ- receptor-ligand activity (Fig. 4D-E). KEGG molecular
ated with the cell periphery, plasma membrane, plasma  pathways included Basal cell carcinoma, MAPK sign-
membrane region, extracellular region, extracellular aling pathway, Pathways in cancer, Axon guidance and
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Fig. 4 Functional enrichment analysis of BGN in ccRcc. A-B The correlation analysis of BGN expression and its top 100 co-expressed gene network.
C-G GO and KEGG enrichment analysis of co-expressed genes. H-1 The phosphorylation of JNK decreased after BGN knockdown

others (Fig. 4F). We mapped the differential genes to
each term of the DO database (http://disease-ontology.
org/). We calculated the number of differential genes
for each term, obtaining a list of differential genes with
a particular DO function and statistics on the number
of differential genes. A hypergeometric test was then
applied to identify DO entries that were significantly
enriched in differential genes compared to the entire
background. Our research revealed that BGN expres-
sion is associated with organ system cancer, kidney dis-
ease, urinary system disease and other diseases, which
further indicated that BGN had a certain relationship
with the occurrence and development of renal cancer
(Fig. 4G). The phosphorylation status of the MAPK
signaling pathway was assessed in CAKI-1 and 786-0
cells following BGN knockdown. Our results indicated
a reduction in the phosphorylation of the JINK-MAPK
signaling pathway after BGN knockdown (Fig. 4H-I).

BGN-related signaling pathways based on gene set
enrichment analysis

To elucidate the biological role of BGN, we analyzed the
differentially expressed genes (DEGs) between the low
and high BGN expression groups based on the median
expression value of BGN. Gene set enrichment analysis
(GSEA) pathway analysis revealed that BGN is involved
in pathways closely related to cell division and immune
response, which are significant to the formation of
ccRCC. (Fig. 5A-F).

The relationship between BGN and immune cells

and checkpoints in ccRCC

Immune cells infiltrating the tumor microenvironment
have a profound impact on tumor progression and
patient outcomes. Accordingly, we investigated whether
elevated BGN expression influences the abundance of
immune cells in the ccRCC tumor microenvironment
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Fig. 5 A-F Identification of BGN-related signaling pathways in ccRcc. BGN is primarily involved in positive regulation of epithelial cell differentiation,
immunoglobulin complex, chemokine activity, regulation of DNA-dependent DNA replication initiation, DNA packaging complex, T cell

costimulation and others

and, consequently, patient prognosis. Our findings
revealed that the mRNA expression level of BGN
exhibits a significant positive correlation with NK cells,
pDC, Tem, Mast cells, and other immune cell popula-
tions (Fig. 6A). Conversely, a negative correlation was
observed with NK CD56bright cells (Fig. 6A). Given
that BGN may function as a tumor-promoting gene
in ccRCC, we assessed the relationship between BGN
and FAM241B, TMEM37, UGT2B7, LRG1, SHCBP1,
SOSTDC1, NPTX1, FAM98B, ZNF439, and ZNF440 in
ccRCC (Fig. 6B). Notably, BGN expression was found to
be significantly positively correlated with these genes,
suggesting that BGN may be involved in immune eva-
sion mechanisms. Subsequently, we conducted KM
survival curve analysis of BGN expression at different
levels of immune cell infiltration in ccRCC. Interest-
ingly, we observed that higher BGN levels in KIRCs
with reduced B-cells, CD8 + T-cells, Mesenchymal stem
cells, or enriched CD4+ memory T-cells were associ-
ated with a poorer prognosis (Fig. 6C-F). In conclusion,
our study demonstrates that BGN may participate in
immune infiltration mechanisms and influence patient

prognosis by modulating the infiltration of immune
cells.

Influence of BGN on ccRCC cells in vitro experiments

This study employed lentivirus to suppress BGN expres-
sion in Caki-1 and 786-0 cells. We transfected the three
knockdown virus strains provided by the vendor, con-
ducted western blot verification to assess their effective-
ness, and selected the two strains exhibiting the most
significant knockdown effect for subsequent experi-
ments (Fig. 7A-D). The cell counting kit-8 (CCK-8) assay
(Fig. 7E-F), colony formation assay (Fig. 7G-H), wound
healing assay (Fig. 7I-L), and transwell assays (Fig. 7M-P)
collectively demonstrated that BGN depletion dramati-
cally inhibited the proliferation, migration, and invasion
capacities of ccRCC cells. These findings were statistically
significant.

Discussion

The function of BGN in tumors has been extensively
explored in the literature. For instance, the CS/DS chain
with non-reducing end 3-O-sulfated GlcA on BGN
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Fig. 6 Correlation analysis of BGN expression and infiltration levels of immune cells in ccRcc. A The correlation between BGN expression
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by the Kaplan-Meier plotter

harbors a rare bi-sulfated motif that may be implicated in
cancer-associated signaling [18]; BGN has been shown to
promote the development and progression of lung can-
cer through ECM-receptor interactions [19]; LINC00460
has been demonstrated to facilitate head and neck squa-
mous cell carcinoma progression by upregulating BGN
expression [20]. Currently, a substantial body of research
delves into the mechanism of BGN in gastric cancer. For
example, BGN enhances gastric cancer progression and

metastasis by promoting FAK signaling pathway trans-
duction [21]. The secretion of BGN by gastric cancer cells
can induce the generation of CAF-like cells. On the one
hand, these cells activate TLR signal transduction; con-
versely, they secrete fibroblast activation protein, further
fostering gastric cancer invasion and metastasis. BGN
triggers the RIP1/RIP3/MLKL signaling pathway and
attenuates the release of pro-inflammatory cytokines to
promote gastric cancer progression [22]. In this study,
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BGN was found to be upregulated in some cancers using
data from TCGA and GTEX databases. This finding sug-
gests that BGN may be involved in tumor development,
consistent with previous studies [23]. Subsequently, we
integrated data from the database and patient pathologi-
cal information, revealing that BGN expression is sig-
nificantly upregulated in ccRCC. Furthermore, elevated
BGN expression was correlated with a poorer prognosis
in these patients.Through RNA sequencing analysis, we
identified that BGN is implicated in multiple pathways
associated with tumor progression, including vascular
growth and immune microenvironment regulation, as
well as its potential role in the pathogenesis of urinary
system diseases. Notably, our findings suggest that BGN
may exert its effects via the JNK-MAPK signaling path-
way, that plays a crucial role in transducing extracel-
lular signals into diverse cellular responses. Among its
major components, the c-Jun N-terminal kinase (JNK)
pathway is particularly significant as it regulates vital

processes such as cell proliferation, differentiation, and
survival [24]. Numerous studies have highlighted the sig-
nificant involvement of the ]NK-MAPK signaling path-
way in the initiation and progression of various cancers,
such as gastric, colorectal, lung cancers, and melanoma
[25-28]. Building on this knowledge, our research seeks
to explore the preliminary roles of this pathway in the
progression of ccRCC, thereby establishing a foundation
for future investigations into its specific mechanisms.
In recent years, numerous studies have demonstrated
a tight link between the development of certain cancers
and inflammation [29, 30]. Some of the tumor-promot-
ing effects of BGN are also associated with immune
responses and inflammatory processes. For instance,
soluble BGN produced by the ECM fosters inflammatory
responses through Toll-like receptors (TLRs) 2/TLR4 in
macrophages and dendritic cells [31]. BGN activates the
nuclear translocation of NF-kB in B cells, leading to the
emergence of its transcriptional effects and the activation
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of p38 and ERK signaling cascades, thereby enhancing
the expression of proinflammatory cytokines to trigger
and regulate inflammation [32]. The expression of BGN
is inversely correlated with CD8+T cells in triple-nega-
tive breast cancer, suggesting that BGN may be involved
in adaptive immune responses [33]. BGN, via the TLR4/
NF-xB pathway, contributes to the epigenetic silencing
of Siglec-7 ligand, an immunosuppressive molecule [34].
Research has shown that ccRCC is closely associated
with the tumor immune microenvironment, and BGN is
also linked to chronic renal inflammation [7, 35]. Based
on the above studies, we suggested that BGN may affect
the prognosis of renal cell carcinoma patients through
immune infiltration. So this study investigated the rela-
tionship between BGN, immune cells, and immune
checkpoints and found that the mRNA expression level
of BGN was significantly positively correlated with NK
cells, pDC, Tem, mast cells, and other cells. Conversely,
it was negatively correlated with NK CD56bright cells.
Additionally, immune cell infiltration affects patient
prognosis. These findings indicate that BGN may be
involved in immune evasion and anti-tumor immunity
to promote ccRCC formation and influence patient prog-
nosis. We conducted in vitro experiments to investigate
the biological functions of BGN in c¢cRCC. The results
revealed that knockdown of the BGN gene in Caki-1
and 786—0 cells significantly inhibited cell proliferation,
migration, and invasion.

This study delved into the relationship and poten-
tial mechanisms between BGN and the formation and
development of clear cell renal cell carcinoma (ccRCC).
However, it is important to acknowledge certain limi-
tations of the study. Firstly, the analysis suggested that
BGN may influence the occurrence, growth, and apop-
tosis of ccRCC through immune mechanisms. However,
this hypothesis was not experimentally validated, and its
veracity requires further investigation. Additionally, the
study was confined to in vitro experiments, and in vivo
experiments were not conducted. This limits the gener-
alizability of the findings. Furthermore, experiments to
verify the role of BGN in the signal pathway were not
performed, leaving this aspect unexplored.

Conclusion

This study investigated the expression level of BGN in
various cancers and subsequently delved into the clini-
cal relevance, immuno-oncology features, and biological
functions of BGN in ccRCC. Notably, we postulate that
BGN may exert its effects through the MAPK signaling
pathway. In essence, BGN has the potential to serve as a
prognostic marker for ccRCC, and further research holds
the promise of advancing immunotherapy research in
ccRCC.
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