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Abstract: Background: Clear cell renal cell carcinoma (ccRCC) is the most common kidney cancer. The crosstalk be-
tween tumor tissue and adjacent adipose tissue has been appreciated recently. This study examines the predictive
usefulness of brown adipocyte-related genes (BARGs) in ccRCC. Methods: The transcriptome and clinical data of
ccRCC patients were obtained from TCGA-KIRC and USA-ccRCC cohorts (848 tumor samples; 72 normal samples).
Lasso-Cox methods were used to construct the risk prognostic signature model. We used Kaplan-Meier survival
analysis to evaluate the prognostic significance of the risk model with ROC curves ascertaining prediction accuracy.
The differences in immune cell infiltrates and signature risk scores between different risk categories were analyzed.
Finally, biological experiments were performed to explore the functions of candidate genes. Results: TCGA-KIRC
patients were classified into two clusters that differed significantly regarding overall survival (OS) and tumor mi-
croenvironment. After screening BARGs candidates, a signature consisting of PPP1R1A, DPYSL3, and PTPRM was
created to calculate risk score. Patients were assigned to the high or low-risk group, and the high-risk group had a
significantly worse prognosis. Consistent trend was validated in external USA-ccRCC cohort. Meanwhile, the signa-
ture risk score affected immune cell infiltrates within the ccRCC microenvironment, positively correlated with the
infiltration of CD4* T cells, CD8" T cells, CD56%™, CD56""€" NK cells, MDSCs, and macrophage cells, while negatively
correlated with neutrophil, iDCs, mast cells, and eosinophil. Finally, knockdown of PPP1R1A and DPYSL3 in renal
cancer cells showed impairment in tumor proliferation ability of ccRCC in vitro and in vivo. Conversely, knockdown of
PTPRM exhibited a promotive effect. Conclusion: We developed a predictive BARGs-related risk signature for early
diagnosis and classifying ccRCC patients, which offers potential targets for individualized treatment of ccRCC.

Keywords: Prognostic model, clear cell renal cell carcinoma, the brown adipocytes-related genes, browning, risk
score signature

Introduction nologies, the survival outcome of ccRCC

patients has shown significant improvement,

Although medical technology has evolved, can-
cer remains the leading cause of mortality
worldwide, accounting for approximately 15%
of all fatalities [1]. Clear cell renal cell carcino-
ma (ccRCC), one of the most lethal urologic
cancers with insidious onset, is highly aggres-
sive and has a poor prognosis, even in patients
diagnosed at an early stage and treated by
nephrectomy [1]. Due to available prognostic
models and the developments in medical tech-

but many still risk the recurrence and death [2,
3]. Considering the heterogeneity and homoge-
neity of ccRCC tumorigenesis, there is an ur-
gent need for accurate biomarkers for progno-
sis prediction.

Tumor progression also depends on the bidirec-
tional communication between tumor epithelial
cells and adjacent stromal cells [4, 5]. Obesity
is a well-established risk factor for ccRCC [6].
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The kidneys are surrounded by perinephric adi-
pose tissue (PAT), a complex endocrine organ
consisting of white adipocytes and dormant
and active brown adipocytes [7, 8]. The cross-
talk between adipose tissue and ccRCC has
been gradually appreciated recently. Cancer
cells require high demand for nutritional metab-
olism to supply energy and biomass for cell pro-
liferation and metastasis [9, 10]. Adipose tis-
sue influences systemic metabolism, through
its function in glucose and lipid synthesis as
well endocrine function for secreting free fatty
acids, hormones, cytokines, adipokines, and
growth factors. Mammals have three basic
types: white, beige and brown adipose tissue
[7]. White adipose tissue (WAT) is specialized
to store excess energy as triglycerides and
release it when needed to maintain the bal-
ance of systemic energy demand. Beige and
brown adipose tissue (BAT) takes charge of the
breakdown of glucose and fatty acids from
being converted into heat [11]. Adipose tissue
is also highly plastic [7]. In 1984, Young first
reported that WAT could differentiate into beige
adipocytes, termed browning or beiging, under
certain stimulus conditions [12].

It is evident that several kinds of cancers hijack
adjacent adipocytes differentiation towards a
browning phenotype and release metabolites
to promote tumor proliferation and metastasis
[13-16]. Qi Wu found breast cancer cells remod-
el metabolism in resident adipocytes and ex-
hibit an increased browning differentiation
state to facilitate tumor progression [17]. PAT
surrounding renal tumor displayed a pro-
nounced browning phenotype and exerted a
pro-tumorigenic function through the induction
of EMT in ccRCC [18]. A seminal study by Wei et
al. highlighted the essential impact of ccRCC
cells stimulating PAT browning by releasing
PTHrP, causing thermogenic adipocytes to
release lactate and promote ccRCC progres-
sion. Particularly, tyrosine kinase inhibitors
(TKI) often used to treat ccRCC, such as suni-
tinib, have been shown to activate adipocytes
browning, and the combination therapy of TKI
plus browning inhibitor presents a more-com-
plete suppression of ccRCC [19]. The interac-
tion between adipocytes and cancer cells
implies a vicious circle, in which renal cancer
cells transform adipocytes, resulting in worse
perioperative outcomes and a poor prognosis
[20].

A growing number of observations demonstrate
PAT actually infiltrates cancer lesions and dif-
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ferentiate browning, associated with poorer
prognosis in ccRCC. Thus, there is a need to
systematically establish more biomarkers relat-
ed to exploring the brown adipocytes-related
genes (BARGs) in ccRCC. Identifying distinct
clustering profiles and establishing BARGs-
related signatures may be a viable method for
predicting prognosis in ccRCC patients.

In this study, we select 101 BARGs and explor-
ed the expression in TCGA-KIRC datasets.
Furthermore, we identified brown adipocytes-
related-genes prognostic signature (risk score)
composed of three brown adipocytes related-
genes, and this signature was correlated with
the survival of ccRCC. Moreover, the prognostic
predictive efficacy of risk score was confirmed
in an independent USA-ccRCC cohort. Thus,
our investigation identified a new predictive
characteristic for ccRCC prognosis.

Materials and methods
Data collection and preprocessing

The gene expression data (RNA-FPKM) and cor-
responding clinicopathological data of 537
ccRCC patients and 72 normal tissues were
downloaded from The Cancer Genome Atlas
(TCGA)-KIRC cohort (https://portal.gdc.cancer.
gov/) (Table 1). Patients with incomplete clini-
cal information about survival time, age, and
tumor stage were excluded in further analyses.
Meanwhile, we downloaded the RNA-sequenc-
ing data for the external ccRCC validation
cohort (n = 311, Table 2) from the Nat Med.
2020 Jun; 26 (6): 909-918 [21]. Fragments
per kilobase million (FPKM) were transformed
into transcripts per kilobase million (TPM);
then, the data could be comparable between
cohorts. The previous adipose research found
102 genes encoding 101 brown adipocytes-
secreted proteins (Supplementary Table 1)
[22]. We defined these genes as the brown
adipocytes-related genes BARGs. The “limma”
package was used to identify differentially
expressed BARGs between ccRCC and normal
tissue. Thresholds were set to FDR < 0.05 and
[log,(Fold change)| > 1. The “limma” package
matches distributions of gene counts across
samples to normalize expression. To better
understand the genomic profiles of BARGs, we
obtained mutation annotation formats (MAF)
of ccRCC patients from the TCGA database and
calculated the tumor mutational burden (TMB)
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Table 1. Clinical pathological features of
¢ccRCC patients (n = 537) from TCGA database

Characteristic  Group No. of cases (%)

Age (year) <60 266 49.53
> 60 271 50.47
Gender Male 346 64.43
Female 191 35.57
Survival status Alive 360 67.04
Dead 177 32.96
Grade G1-G2 244 45.44
G3-G4 285 53.07
GX 5 0.93
Unknow 3 0.56
Pathological T T1-T2 344 64.06
T3-T4 193 35.94
Pathological M MO 426 79.33
M1 79 14.71
MX 30 5.59
Unknow 2 0.37
Pathological N NO 240 44.69
N1 17 3.17
NX 280 52.14
Stage Stage Il 326 60.71
Stage IlI-IV 208 38.73
Unknow 3 0.56

with the “maftools” R package. We also depict-
ed copy number and somatic mutations from
the UCSC Xena database (https://xena.ucsc.
edu/) to create Circos plots with the “RCircos”
R package. The public datasets don’t require
Ethical Review Committee approval and inform-
ed consent.

Establishment of BARGs clusters

Using the “ConsensusClusterPlus” package’s
k-means unsupervised clustering, ccRCC pa-
tients were molecularly typed [23]. The cluster-
Alg was set to “pam”, and the distance func-
tion was set to “uclidean”. This test was repeat-
ed 1000 times. This test was repeated 1000
times. Then, the optimum clustering result was
determined by calculating consistent cumula-
tive distribution function (CDF) graphs. The
results of consensus matrix heatmaps were
illustrated by the heatmap package. Kaplan-
Meier curve was used to compare OS between
clusters utilizing “survival” and “survminer” R
packages. PCA was performed to explore the
transcriptomic differences within 2 clusters
using the R package “ggplot2”.
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Functional and pathway enrichment analysis

Gene Set Enrichment Analysis (GSEA) and
Gene Set Variation Analysis (GSVA) were per-
formed among the BARGs clusters to investi-
gate the differences in biological significance
and ascertain the hallmark pathways. The hall-
mark gene set “c2.cp.kegg.v2023.1.Hs.sym-
bols.gmt” was downloaded from the MSigDB
database. Afterward, we performed GO enrich-
ment and KEGG signaling pathway analyses
through the R package “cluster profile”. The
threshold was set at p value < 0.05 and g value
< 0.05.

Estimation of immune cell infiltration

The tumor-infiltrating immune cells dataset was
downloaded at TIMER 2.0 (http://timer.cis-
trome.org). Single-sample gene set enrich-
ment analysis (ssGSEA) scored 23 immune cell
types in accordance with the 667 metagenes. A
box plot representing the immune cell abun-
dance between the BARGs clusters was gener-
ated using “ggplot2” package of R.

Construction and validation of the BARGSs as-
sociated prognostic signature

Based on the previously obtained differential
expression brown adipocyte-related genes, we
developed the BARGs-based prognostic mo-
del. We employed the “caret” R package to ran-
domly allocate the ccRCC patients into train-
ing and testing groups. First, univariate Cox
regression analysis was done on the 28 BARGs
associated with OS of train-group patients (P <
0.05) to find the 3 prognostic BARGs using
the “glmnet” R package. Second, the optimal
value with minimum deviation was calculated
by Lasso regression analysis after a 10-fold
cross-validation. Ultimately, a 3-gene-based
risk-predictive model was constructed. The
BARGs associated risk score was calculated as
follows: “risk score = X (Expi x coefi), where
coefi and Expi represent each gene’s expres-
sion and risk factor, respectively. The median
risk score divided TCGA training set patients
into high and low risk subgroups. The Kaplan-
Meier curve analysis and the log-rank test
were then condemned on each group. Time-
dependent ROC curves were utilized to exam-
ine the model’s accuracy for prognostic predic-
tion. We also validated the signature using the
TCGA testing group and 311 USA-ccRCC cohort
as the in vivo and in vitro validation groups.
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Table 2. Clinical pathological features of ccRCC patients (n = 311) from USA-ccRCC cohort

Characteristic Group No. of cases (%)
Age (year) <60 133 42.77
> 60 176 56.59
Gender Male 229 73.63
Female 82 26.37
Survival status Alive 80 25.72
Dead 231 74.28
Tumor type Primary 225 72.35
Metastasis 84 27.01
NA 2 0.64
MSKCC (Memorial Sloan-Kettering Cancer Center) Favorable risk 100 32.15
Intermediate risk 135 43.41
Poor riak 60 19.29
NA 16 5.14
IMDC (International Metastatic Renal CellCarcinoma  Favorable risk 45 14.47
Database Consortium)
Intermediate risk 145 46.62
Poor riak 56 18.01
NA 65 20.90
Benefit CB (Clinical benefit) 89 28.62
ICB (Intermediate clinical benefit) 120 38.59
NCB (No clinical benefit) 102 32.80

Using univariate and multivariate analysis, we
further tested whether the risk score and clini-
cal features were independent prognostic indi-
cators. Kaplan-Meier survival analysis was
then performed on each group. CIBERSORT
algorithm from the tumor immune estimation
resource (TIMER) database was used to ana-
lyze the correlation between the risk score and
the infiltration degree of immune cells.

External analysis of the prognostic signature

To get a deeper understanding of the tumor
characteristics of the three genes, we com-
pared the BARGs expression at the protein
level between normal and ccRCC tissues by
analyzing the immunohistochemistry (IHC)
staining images retrieved from the Human
Protein Atlas (HPA) (https://www.proteinatlas.
org/).

Cell culture and transfection

The human renal cancer cell line 786-0 was
obtained from American Type Culture Collec-
tion (ATCC, CRL-1932™). 786-0 cells were cul-
tured in Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, United States) with 10% fetal
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bovine serum (Gibco) and maintained at 37°C
with 5% CO,, supply. Transient gene knockdown
was achieved by transfecting cells with speci-
fic small-interfering RNAs using the Lipofe-
ctamine® RNAIMAX Transfection Reagent (In-
vitrogen, United States). The siRNAs sequenc-
es were as follow: siDPYSL3-1 5-GCAGAAU-
CGUCAAUGAUGAUC-3’, siDPYSL3-2 5-GUAUC-
AAGUAUCUAACACAGA-3’, siDPYSL3-3 5-GGC-
UUAUAAGGAU UUGUAUCA-3’; siPTPRM-1 5’-GA-
AUUCCGGACGCUAAACAUG-3’, siPTPRM-2 5'-
CAGAUACGGGAAUAUCAUUGC-3, siPTPRM-3 5'-
CAAAUCUCGGCAAA UCACUAU-3’; siPPP1R1A-
1 5’-GACAACAGCCCCCGAAAGAUC-3’, siPPP1R-
1A-2 5-GAUCACACCCACAAUGAAAGA-3’, siPPP-
1R1A-3 5-GCAGAAUGCAUC CCUAAAACU-3..

Western blot

Cells were lysed in SDS lysis buffer (Beyotime,
China) for 10 min. After measuring the protein
concentration by BCA Assay Kit (Beyotime,
China), then proteins were separated by 12%
SDS-PAGE gels and transferred onto PVDF
membranes. After blocking with 5% skimm-
ed milk in TBST for 60 min, membranes were
incubated with primary antibodies at 4°C over-
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night. PTPRM (ER61845, HUABIO), PPP1R1A
(sc-515553, Santa cruz), DPYSL3 (HA500030,
HUABIO) and Tubulin (10094-1-AP, Proteintech)
were used as primary antibodies. Anti-rabbit or
anti-mouse IgG conjugated to horseradish per-
oxidase (HRP) (Proteintech) was used as the
secondary antibody. Bands were visualized by
Bio-Rad Image Lab Software next day.

Cell counting kit-8 assays

The proliferation ability of renal cancer cells
was monitored by cell counting kit-8 (Bimake).
786-0 cells (5 x 10%/well) were seeded in the
96-well plates. The Optical Density (0D450)
were determined on 0, 24, 48, 72 and 96 h.

Transwell assays

Transwell assays were performed to examine
the migratory invasive capacity of renal cancer
cells. 5 x 10* cells in serum-free media were
seeded in the upper chamber of a 24-well tran-
swell culture plate (Corning, United States);
Then, 600 ul of complete medium was added
to the lower chamber. After 24 h, migrated cells
on the bottom of the membrane were fixed with
4% paraformaldehyde for 30 min and stained
with crystal violet for 15 min. Then, stained
cells were counted under the microscope.

Colony formation assay

Cells (5 x 10%/well) were seeded in six-well
plates and cultured for about 7 days to allow
single clones to form, then the cells were fixed
with 4% paraformaldehyde and stained with
crystal violet. The colonies were photographed
under the microscope.

Mouse xenograft assay

Six-week-old BALB/c mice were purchased
from Hunan SJA Laboratory Animal Co., Ltd. All
mice lived in a pathogen-free condition with a
12 h light/dark cycle and were fed sterilized
food and water at the Department of Laborat-
ory Animals, Central South University. Mouse
care and use protocols were approved by the
Animal Care and Use Committees of the
Laboratory Animal Research Center of Central
South University. The mice were randomly
assigned into 4 groups. The xenograft model
was established by subcutaneous injection of
786-0 cells (5 x 10° cells in 100 pL) with nega-
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tive control or stable gene knockdown
(PPP1R1A, DPYSL3 or PTPRM). The shRNA
sequences are referred from siRNAs. Tumor
size was measured with calipers in two perpen-
dicular diameters every two days. Tumor vol-
ume (V) was calculated according to the formu-
laV=0.5x length x width2.

Statistical analysis

The statistical analyses were mainly performed
using the R language (version 4.2.2). Student’s
t-test and One-way ANOVA were performed to
compare differences among groups. Survival
analysis used LASSO regression to determine
the correlation between the characteristics
and overall survival. The Kaplan-Meier (K-M)
survival curves analysis was conducted to esti-
mate survival distributions. BARGs related sig-
nature prognostic value was assessed using
Cox regression and time ROC curve analysis. In
this study, P < 0.05 was considered statistically
significant.

Results

Differential expression and genetic variation
patterns of brown adipocytes-related genes

First, we performed differential expression
analysis of 101 BARGs between ccRCC and
normal samples with a p-value < 0.05 and
absolute log,Fold Change > 1. The heat map
exhibited the 28 differentially expressed
BARGs (Figure 1A). Most BARGs expression
was upregulated in ccRCC, probably because
renal cancer tissues promoted adipocytes
browning. To comprehensively understand the
28 differential expression BARGs, we explor-
ed the characteristics of the single-nucleotide
variation (SNV) and copy number variation
(CNV) across ccRCC. The waterfall plot in Fig-
ure 1B shows that 12 of the 402 samples
(2.99%) had mutations in the BARGs. The high-
est frequency of ENPP2 mutations was found
(1%). The overall frequency of mutations in
BARGs was extremely low. As depicted in Fig-
ure 1C, DPYSL3 and GM2A had the most sig-
nificant copy number increase, while DAG1 had
the most significant copy number deletion.
Figure 1D shows the position of these BARGS,
which are distributed on several chromosom-
es. Finally, to understand the potential regula-
tory role of these differential 28 BARGs, uni-
variate Cox analysis (P < 0.2) and Kaplan-Meier
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Figure 1. Expression and mutation of brown adipocytes-related genes (BARGs) in ccRCC. (A) Heat map of 28 dif-
ferential expression of BARGs between tumor and normal tissues. (B) SNV and (C) CNV frequencies of 28 BARGs
in 402 ccRCC patients in the TCGA cohort. (D) The genome location of 28 BARGs on 23 human chromosomes. (E)
Network plot showing the correlation of 19 prognosis-related BARGs in ccRCC and the impact on prognosis.

survival analysis (P < 0.05) were employed to nificant for ccRCC (Supplementary Table 2). Ten
select 19 BARGs that were prognostically sig- genes (PPP1R1A; DPYSL3; ORM1; ORMZ2;
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RCN3; CIQTNF1; RNASET2; CTSZ; APOC1 and
GBP2) are independent risk factors and the
rest nine genes are favorable factors for
ccRCC. Figure 1E shows the interaction and
prognostic impact of BARGs in ccRCC, suggest-
ing the potential of the gene list for prognostic
prediction.

Construction of BARGs clusters by clustering
analysis in ccRCC

Molecular subtyping may reveal tumor biology
for potential prognostic targets. This section
explored whether BARGs could be used in
molecular subtyping for ccRCC. A consensus
clustering technique based on 28 BARGs
expression levels categorized TCGA-KIRC pa-
tients into subtypes. The integration cohort
was divided into 2 BARGs clusters optimally,
following the CDF (Cumulative Distribution
Function) curve (Figure 2A, 2B), and PCA (prin-
cipal component analysis) showed the credi-
ble robustness of the analysis (Figure 2C). We
then evaluated if the two ccRCC subgroups
have distinct prognoses. The Kaplan-Meier
analysis showed that BARGs cluster A had a
better prognosis than cluster B in the TCGA
cohorts (Figure 2D). The significant OS differ-
ence confirmed the importance of brown adipo-
cyte-related genes for ccRCC. We then ana-
lyzed the expression difference of the BARGs
between these 2 clusters and found elevated
expressions of some genes in cluster B than
in cluster A, such as PPP1R1A, POC1, and CTSZ
(Figure 2E).

In the KEGG pathway analysis (Figure 3A), the
differential genes were mainly involved in the
adipocytokine signaling pathway and renal cell
cancer, as well as adherens junction, regula-
tion of autophagy, mTOR signaling pathway,
Notch signaling pathway and TGFB signaling
pathway. Interestingly, GO analysis indicated
that the most enriched terms in biological pro-
cess (BP), molecular function (MF), and cellular
component (CC) were strongly correlated with
immune terms, mainly enriched in humoral
immune response, defense response to bacte-
rium, antibacterial humoral response, and
complement binding (Figure 3B). To further
investigate the role of BARGs in the tumor
microenvironment, we evaluated the correla-
tion between the 2 clusters and immune cell
subpopulations. Compared to cluster A, cluster
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B possessed a higher immune cell infiltration,
except for Eosinophil, Mast cell and Neutrophil
(Figure 3C).

Construction of BARGs related prognostic sig-
nature

Based on the aforementioned 28 differential
expression BARGs, we further examined the
prognostic value of brown adipocytes-secreted
proteins in ccRCC patients. A risk model was
created to estimate the risk for each patient
with ccRCC. First, 524 TCGA ccRCC patients
were randomly assigned to the training group
(n =262) and the testing group (n = 262). In the
TCGA training group, suitable risk models were
built using LASSO and multivariate Cox re-
gression analysis. LASSO regression analysis
screened 3 potential genes using the least
partial likelihood of deviance (Figure 4A, 4B).
Multivariate Cox regression then screened out
a risk model composed of 3 prognosis-relat-
ed genes, PPP1R1A, DPYSL3 and PTPRM
(Figure 4C). We calculated the BARGs risk
score of each patient based on the formula:
Risk score = (0.003281186 x PPP1R1A ex-
pression) + (0.00513181 x DPYSL3 expres-
sion) - (0.014815237 x PTPRM expression).
Patients in the TCGA training group were split
into high and low risk groups according to the
median scores. Sankey Diagram showed that
the BRAGs cluster A with better prognosis
mostly corresponded to the low-risk group with
more likely to be alive (Figure 4D).

Notably, the low-risk TCGA training group had a
greater OS rate than the high-risk group (P <
0.001, Figure 5A). For the TCGA testing group,
patients in the low-risk group also had better
OS (P < 0.001, Figure 5B). Moreover, the USA-
ccRCC cohort (n = 311) validated the risk mo-
del prognostic predictive value (Figure 5C). The
area under the ROC curves also confirmed the
high sensitivity and specificity of the BARGs
prognostic model. The AUC scores for the TCGA
training group were 0.76, 0.69, and 0.67 at 1,
3, and 5 years (Figure 5D). Meanwhile, the pre-
dictive power of the BARGs prognostic model
was also validated in vivo and in vitro validation
cohort (Figure 5E, 5F). With increasing risk
scores, the mortality rate of patients in the
TCGA-KIRC and USA-ccRCC cohorts gradually
increased (Figure 5G-I). In the high-risk group,
the percentage of death was higher. Likewise,
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Figure 2. Clinicopathological characteristics and survival of ccRCC patients in 2 BARGs clusters. A. All samples from
the TCGA-KIRC cohort were divided into 2 clusters using a consensus clustering algorithm (k = 2). B. The cumulative
distribution function (CDF) for k = 2 to 9. C. Principal component analysis (PCA) analyses of patients in 2 BARGs
clusters. D. Kaplan-Meier curves show the different overall survival (OS) rates between the 2 BARGs clusters. E.
Heatmap shows different clinicopathologic features between the two clusters.
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Figure 3. Biological pathways and the immune microenvironment analyses of 2 BARGs clusters in ccRCC. (A) GSVA
and (B) GO analyses of biological pathways between two clusters. (C) The abundance of 23 infiltrating immune cell
species in two BARGs clusters. *P <0.05; **P < 0.01; ***P < 0.001; ns, no significance.
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of the LASSO regression model. C. The three prognostic genes’ hazard ratios (HRs) by univariate Cox regression
analysis. D. Sankey Diagram show the distribution of patients in 2 BRAGs clusters, 2 risk groups, and their survival
status.
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the risk score was higher among dead patients
(Figure 5J), 5K). These results show that the
prognostic model is accurate and specific.

Association between BARGs risk score and
clinical characteristic

After deleting samples with inadequate clinical
information, we counted 524 specimens from
TCGA-KIRC cohort to investigate the correla-
tion of risk models with the clinical feature.
Based on different clinical characteristics, we
assigned all ccRCC into several different sub-
groups, including age < 60 (n = 260), age > 60
(n = 264); male (n = 340), female (n = 184);
grade I-Il (n = 239), grade IlI-X (n = 285); stage
I-1l subgroup (n = 318), stage llI-IV (n = 206); T
I-Il (n = 336), T llI-IV (n = 188); MO (n = 418),
M1-X (n = 106); NO (n = 239), and N1-X (n =
285). In the total TCGA database, K-M survi-
val analyses were performed in patients strati-
fied by age, sex, tumor Grade, Stage, and
Pathological T, M, N. The results indicated that
patients with higher risk score had inferior out-
come in each subgroup (P < 0.05, Supple-
mentary Figure 1A-G). The results revealed the
risk model might predict ccRCC patients with
diverse clinical characteristics and brown adi-
pocyte-related signature may serve as an inde-
pendent predictor for the poor prognosis of
ccRCC.

Correlation of BARGS risk score with immune
cell infiltrates

To determine if the brown adipocytes-related
genes signature affects immune cell infiltrat-
es, we examined the relationship between the
risk score and immune cell infiltration in TCGA
datasets. As shown in Figure 6A-Q, the risk
score was positively correlated with the in-
filtration of CD4* T cells, CD8* T cells, CD56%™
NK cells, CD56"€" NK cells, MDSCs, and mac-
rophage cell. In contrast, it was negatively cor-
related with neutrophil, iDCs, mast cell, and
eosinophil. The findings validated the correla-
tion between the risk model and the immune
microenvironment of ccRCC.

Expression differences and survival curves

Furthermore, we explored the protein levels of
the three brown adipocytes-related genes in
the HPA database. Tumor tissues had higher
PPP1R1A and DPYSL3 expression than normal
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tissues. However, PTPRM had no difference
(Figure 7A). A survival analysis of the three
genes for OS was also performed. Patients with
high PPP1R1A and DPYSL3 levels had a worse
0S, while those with high PTPRM expression
had a better OS rate (Figure 7B).

The biological function verification of three
BARGs

We chose the three genes that make up the
risk model for our experimental study. For vali-
dation of our predicted tumor promoting role of
PPP1R1A and DPYSL3, as well suppressor role
of PTPRM in the risk score, we designed 3
siRNAs for each gene and selected the 2 with
the highest knockdown efficiency through
western blot for functional validation experi-
ments in 786-0 cells (Figure 8A). The CCK-8
assays and colony formation assays demon-
strated that the inhibition of PPP1R1A and
DPYSL3 significantly inhibited the proliferation
ability of renal cancer cells. Meanwhile, the
results of transwell assays showed that the
repression of PPP1R1A and DPYSL3 remark-
ably reduced migratory cells (Figure 8B-D). As
expected, we found that genetic inhibition of
PTPRM significantly promoted cell proliferation,
colony formation and migration. We further
examined the effect of the 3 BARGs on tumor
formation and growth in vivo.

Consistent with the in vitro results, PPP1R1A
or DPYSL3 knockdown significantly retarded
tumor growth, as shown by the reduction in
sizes and volumes of the sh-PPP1R1A and sh-
DPYSL3 groups. In addition, tumor volume and
weight in the sh-PTPRM group were significant-
ly increased (Figure 9A-C). The knockdown effi-
ciency of the shRNAs were confirmed by west-
ern blot in tumors (Figure 9D). These results
indicated that inhibitor of PPP1R1A and
DPYSL3 and/or activator of PTPRM may be a
novel approach for ccRCC treatments.

Discussion

ccRCC, the fifth most common type of cancer
worldwide, has high recurrence and mortality
rates. It is crucial that patients can be diag-
nosed and prognostic early at present. Gene
signatures, a biological function pattern identi-
fied by the expression of several genes, can be
utilized to identify and prognosticate multiple
tumors. Tumor proliferation and differentiation
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Figure 6. Correlation of immune cell infiltrates with the risk score in ccRCC. (A) activated B cell, (B) CD4+ T cells, (C) CD8+ T, (D) activated dendritic cell, (E) CD-
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require a bidirectional crosstalk between can-
cer cells and the surrounding environment.
Perinephric adipose tissue is the most abun-
dant cell population around the renal. PAT infil-
trating into tumor tissue and browning worsens
ccRCC patients’ prognoses. A study of 174
ccRCC patients found that greater PAT is relat-
ed to worse progression-free survival [24]. The
outsized adipose tissue can provide growth
factors, cytokines, adipokines, or extracellular
matrix scaffolding through autocrine and para-
crine, stimulating cancer cell growth. Moreover,
PAT infiltration during ccRCC tumor develop-
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ment was a marker for aggressive tumor behav-
iors and an independent worse prognostic fac-
tor in ccRCC patients [25, 26]. Previous reports
have demonstrated that perinephric adipocytes
undergo a phase of browning generated locally
by tumor adaptation. Meanwhile, brown adipo-
cytes can stimulate tumor growth and metasta-
sis in return. Gang Wei and colleagues conclude
that renal tumors enhance and hijack repro-
gramming of adjacent PAT for browning, result-
ing in BAT specific release of lactate to “feed”
cancer cells [19, 27]. Upregulated expression
of uncoupling protein 1 (UCP1) to activate the
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uncoupling of the oxidative phosphorylation
from adenosine triphosphate (ATP) is a typical
marker of adipocytes browning, specific expres-
sion in mitochondria of BAT [28]. In this per-
spective, a higher UCP1 expression in PAT is
considered a negative prognostic factor in
ccRCC patients [29]. Those indications indicate
that genes associated with brown adipocytes
may play crucial roles in ccRCC. Therefore, this
study aimed to delve into the prognostic value
of BARGs and reveal the immune profiles of dif-
ferent BRAGs-associated clusters in ccRCC, to
find potential targets for diagnosing and evalu-
ating ccRCC patients.

In this study, TCGA-KIRC transcriptome profiling
was used to screen 28 different expressed
BARGs. Then, ccRCC patients were classified
into two clusters according to the 28 BARGs
expression, and we found a significant differ-
ence in prognosis between the 2 clusters (P <
0.05). We found that cluster B affected im-
mune cell infiltration of ccRCC. 524 patients
were randomly divided into training and in vivo
testing cohort. In the training cohort, three
genes, PPP1R1A, DPYSL3 and PTPRM, were
constructed for the prognostic risk model by
using LASSO regression and Cox regression
analyses. We calculated risk scores for each
ccRCC patient using three gene expression lev-
els and correlation coefficients. We divided
them into high- and low-risk groups based on
the median risk score in the training and valida-
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tion cohorts. Moreover, the risk score could dis-
tinctly distinguish overall survival, with the low-
risk group displaying a more positive prognosis.
Besides, K-M survival analysis in each sub-
group suggested that the risk score model for
ccRCC patients may be an independent prog-
nostic indicator. The prognostic performance of
Risk Score in the TCGA-KIRC stratified analysis
again validated this risk model’s hidden values
and broadened its scope of use.

Among these three genes, the DPYSL3, a mem-
ber of the dihydropyrimidinase-like proteins, is
highly expressed in renal, colon and prostate
tumor tissues [30, 31]. DPYSL3 is involved in
cell differentiation, migration, neurogenesis,
and neurodegeneration, and high expression
was correlated with poor prognosis in ccRCC
[32]. Another bioinformatic analysis found
DPYSL3 might be regulated by miR-451a in
RCC cells [33]. These findings were consistent
with our functional experiment in 786-0 cells.
PPP1R1A is recognized as a protein phospha-
tase 1 regulatory subunit [34]. Recently a
study found PPP1R1A as one of seven prognos-
tic-related gene signatures in ccRCC [35]. We
found that knockdown of the DPYSL3 and
PPP1R1A could significantly reduce the prolif-
eration and migration of renal cancer cell lines
in vitro and inhibited the tumor growth rate in
vivo. PTPRM, a protein tyrosine phosphatase
(PTP), has been little studied in ccRCC develop-
ment. Moreover, the upregulation of PTPRM
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expression has been proved to promote tumor
growth and metastasis, as well as positively
correlated with poor prognosis in cervical can-
cer [36]. The present study of these three
genes provided a partial clue to increasing
prognostic value. Herein, our in vitro and in vivo
experimental results showed that PTPRM sup-
pressed the proliferation and migration of renal
cancer cells. However, their potential mecha-
nisms in ccRCC development need further
investigation.

Our study does contain some flaws; that is a
fact. First, we analyzed the model mostly with
bioinformatics and lacked experimental evi-
dence. Second, we verified the prognostic risk
model using TCGA-KIRC cohort and another
independent USA-ccRCC cohort, which inevita-
bly degraded the prediction performance
because of the sample size limitation when
performing model training and validation.
Lastly, the prognostic risk model was construct-
ed on gene expression data while ignoring the
influence of epigenetic modifications and other
factors; therefore, it may have an inherent flaw.

Conclusion

In conclusion, we were the first to systemati-
cally elucidate the diagnostic and prognostic
value of BARGs, and identify crosstalk between
brown adipocytes and ccRCC tissue. Through
prognostic BARGs, patients in distinct clusters
could be investigated molecular subtyping and
immune cell infiltrate. Functional analyses sug-
gested that three BARGs were tightly correlated
with renal cancer cell proliferation and migra-
tion in vitro. In this study, we established useful
signatures for prognosis evaluation for ccRCC.
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Supplementary Table 1. The brown adipocytes-related genes list

Brown adipocytes-related genes list

CPM
SFN

INS
SLIT3
PCDHB12
ACTB
ACTA1
GRN
CTsz
PI3

MGP
CFL2
ELN

HBB
HBD
TIMP4
SERPINB4
ITM2B
ORM1
DEFA3
DEFA1
CD59
PPP1R1A
Cc6

CTSC
LRRN4CL
LAMP1
CES1
SCGB1D2
RNASE7
DAG1
FAU
LTBP1
SRGN
ENO3
FBN2
IDE
ERP29
APOC1
AOC3
SDCBP
CLSTN1
FKBP2
SPARCL1
RCN3
PRDX4
HEBP1



DHRS11
CALU
GM2A
C4A
C4B
SFRP1
ORM2
PTPRG
DNASE2
C1QTNF1
SLURP1
TTR
OMD
SERPINB5
ILARN
IL36G
CHI3L1
ENPP2
PODN
OAF
LAMB2
SUMF2
EFNB1
TUBA4A
CNPY2
MCFD2
EPDR1
TTN
STATH
TFPI
TIMM8B
ERP44
KLK7
GBP2
SBSN
ERAP1
PSAPL1
GNB2
A2ML1
GLB1
VIT
SRPX2
TGOLN2
CXCL12
DPYSL3
SERPINB2
ANG
ABI3BP
TFRC
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LCN2
RNASET2
PTPRM
C1RL
FKBP7
LYGD

Supplementary Table 2. Univariate cox regression screened the prognostic-related BRAGs

BASGs HR HR.95L HR.95H uniCoXx (p) K-M (p)
ORM1 1.018018 1.010836 1.025252 7.68E-07 0.004

RCN3 1.001872 1.001087 1.002657 2.89E-06 4.10E-05
PTPRM 0.989829 0.985257 0.994422 1.50E-05 9.08E-07
ORM2 1.032442 1.016679 1.048448 4.76E-05 2.69E-06
C1QTNF1 1.004283 1.002061 1.006509 1.55E-04 2.71E-05
SPARCL1 0.999195 0.998755 0.999635 3.37E-04 1.78E-05
PPP1R1A 1.002924 1.001302 1.004548 4.06E-04 2.93E-09
DPYSL3 1.002192 1.000975 1.003412 4.15E-04 1.18E-06
ANG 0.981099 0.969521 0.992815 0.002 1.14E-04
RNASET2 1.007002 1.002211 1.011816 0.004 9.84E-06
ENPP2 0.999006 0.998283 0.999729 0.007 1.38E-05
SCGB1D2 0.974614 0.956549 0.993019 0.007 2.37E-07
CTSz 1.000634 1.000118 1.00115 0.016 1.38E-04
GM2A 0.995904 0.992407 0.999414 0.022 4.07E-06
PCDHB12 0.934664 0.872721 1.001004 0.053 0.008

APOC1 1.001039 0.999968 1.002112 0.057 0.007

CXCL12 0.997296 0.994015 1.000588 0.107 3.12E-04
DAG1 0.99431 0.987255 1.001415 0.116 0.003

GBP2 1.002158 0.99922 1.005105 0.150 0.017
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Supplementary Figure 1. K-M survival analysis of the risk signature in ccRCC patients stratified by different clinical parameters in TCGA dataset. (A) Age, (B) gender,
(C) grade, (D) stage, and (E) T, (F) M, (G) N staging.



