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Background: Clear cell renal cell carcinoma (ccRCC) is the most common malignancy affecting the
kidneys, accounting for approximately 75% of all kidney tumors. Recently, the impact of immune response,
immunotherapy, and immune-related genes (IRGs) on tumor development has received much attention.
This study sought to establish a reliable immunological signature and further explore whether this signature
has prognostic significance in ccRCC patients.

Methods: Differentially expressed IRGs in 611 patients with diagnosis of ccRCC from The Cancer
Genome Atlas (TCGA) were analyzed along with the corresponding survival time and disease clinical
data. Survival analysis, selection operator Cox analysis, and minimum absolute shrinkage were applied to
establish an IRG prognostic signature (IRGPS). The expression levels of relevant genes were detected by
real-time quantitative PCR. A Nomogram was used to explore the possible impact of the IRGPS on the
immune system, prognosis, and metastasis, and the associated mechanisms were explored through functional
enrichment analysis.

Results: An IRGPS was established based on eight prognostic IRGs and was found to be closely associated
with immune levels, metastasis, and prognosis. The IRGPS was determined to be a valid predictor of
the efficacy of immune checkpoint inhibitors (ICIs). Three Nomograms based on the IRGPS and other
clinical features were developed and could effectively predict prognosis, distant metastasis, and lymph node
metastasis in patients with ccRCC.

Conclusions: The IRGPS constructed in this study serves as a tool for assessing immune status,

developing individualized treatment regimens, and predicting prognosis in patients with ccRCC.
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Introduction

Renal cell carcinoma (RCC) is the most common of all
primary malignant kidney tumors in adults and includes the
“classical” or “eosinophilic” variant of chromophobe RCC.
Despite new targeted therapies having improved progression-
free survival (PFS) and overall survival (OS) for patients with
early-stage RCC, for those with stage IV disease, the 5-year
survival rate remains below 10%, and 50% of patients survive
for less than 1 year (1). In Europe, there are an estimated
around seventy thousand new cases of clear cell renal cell
carcinoma (ccRCC) and around thirty thousand related
deaths each year (2,3). However, no reliable biomarkers to
predict the prognosis of ccRCC have been discovered (4,5),
nor have there been any major breakthroughs in treatment
for the disease in the past 20 years (6).

Researchers have gradually come to recognize the key role
of immunoregulation in cancer (7). Cancer immunotherapy
has always been the main driving force of personalized
medicine. Studies have shown that maintaining the balance
between timely and effective immunity and a lasting immune
response is essential for immune defense (8). This delicate
balance is maintained through internal or external immune
regulatory mechanisms. Internal control of immune cell
activation is mediated through stimulation of effector cells
and related inhibitory receptors, whereas external control is
mediated through the secretion of cells or inhibitors. Tumors
can exacerbate these immunosuppressive pathways, creating
a tolerable microenvironment. The past few years have seen
the emergence of immune checkpoint inhibitors (ICIs) which
act by blocking the programmed cell death receptor 1 (PD-1)
pathway. These ICIs can improve the OS of patients with
metastatic renal cell carcinoma (mRCC) and metastatic
urothelial carcinoma (9). Evidence suggests that immune
regulatory mechanisms carry importance in tumorigenesis and
cancer development. Along with the research related to tumor
immunology, the characteristics of tumor microenvironment
(TME) in ccRCC have been identified by researchers, which
consists of cancer cells, endothelial cells, myofibroblasts,
fibroblasts, tumor-infiltrating immune cells, and extracellular
matrix (10). The characteristics of the composition of TILs in
TME affect the effectiveness of tumor therapy. Among them,
anti-tumor immunity is characterized by M1 macrophages
and CD8" T cells, while immune evasion is characterized
by T-cell regulation (Tregs), T-cell regulation (Tregs) and
M2-macrophages. Macrophages in tumor tissues are biased
towards the M2 subtype (11). Owing to the development
of high-throughput technologies, such as gene sequencing,
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researchers can quickly process large datasets to identify and
analyze specific tumor markers (12).

The value of immune-related genes (IRGs) in the
development of personalized immune assessment models
to improve the prognosis of patients with non-small cell
lung cancer ccRCC and thyroid cancer has already been
described (13,14). However, the use of immune models
to assess immune levels and sensitivity to immunotherapy
in ccRCC patients and to predict lymph node and distant
metastases has not been reported. Therefore, the main
objective of this study was to investigate the potential
clinical efficacy of IRGs in the prognostic and metastatic
classification of ccRCC patients and the significance of
IRGs as an indicator for assessing the therapeutic sensitivity
of ICI therapy. We present the following article in
accordance with the TRIPOD reporting checklist (available
at https://dx.doi.org/10.21037/atm-21-4973).

Methods
Extraction of gene samples and clinical data

Figure 1 shows the experimental flowchart. First, a dataset
containing transcriptome RNA sequencing data from 611
tissue samples including 539 primary ccRCC and 72 non-
tumor tissue samples was downloaded from The Cancer
Genome Atlas (TCGA). After standardization, the clinical
data of ccRCC patients in the dataset were extracted and
analyzed and cases which lacked complete data were deleted.
ImmPort is a real-time immunology database containing a
large number of IRGs that can be analyzed and studied. A
list of IRGs was extracted from the ImmPort database for
screening of target genes in ccRCC. The TIMER database
provides 10,897 samples from 32 cancers and provides a
wealth of data on tumor-infiltrating immune cells (TTICs),
including CD4"T cells, B cells, CD8" T cells, macrophages,
dendritic cells, and neutrophils, and the immune cell
infiltration in 539 primary ccRCC sample was estimated
by the algorithm provided by this database. All procedures
performed in this study involving human participants
were in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the ethical
standards of Shanghai Tenth People’s Hospital (No. SHSY-
1EC-4.1/19-120/01).

Screening of differential genes

Differentially expressed IRGs (DEIRGS) between ccRCC

Ann Transl Med 2021;9(20):1544 | https://dx.doi.org/10.21037/atm-21-4973



Annals of Translational Medicine, Vol 9, No 20 October 2021

Download transcript group data
(gene data n=60,483; TF data n=317)

v

Analysis of differential expression
(P Value Filter <0.01)

Page 3 of 21

y

Diff TF (n=78)

Y

TF reguatory network

Diff Gene All immune
(n=7,290) genes
Y
Diff immune genes Clinical data
(n=670) (n=537)

Correlation analysis of clinical
prognosis (P value Filter <0.001)

v

Prognosis related immune gene
(n=100)

Correlation analysis of clinical
prognosis (P value Filter<0.001)

Y

Prognosis related immune gene
(n=100)

¥

Multivariate COX analysis

¥

lasso regression analysis

'

Content of immune cell

Construction of immune gene prognosis model for RCC (n=8)

Y

Y Y Y Y

i« ROC analysis

Correlation analysis of
immune cells

RIsk curve Survival Clinical GEO
analysis correlation database
analysis joint analysis

Figure 1 Experimental flow chart. TF, transcription factor; ROC, receiver operating characteristic; RCC, renal cell carcinoma.

and non-tumor tissue samples were screened out using the
edgeR package in R (http://bioconductor.org/package/
EDGER/). After standardization of the original data,
differential analysis was carried out based on error detection
rate [false discovery rate (FDR) <0.05 and log2 Ifold
changel >1], and DEIRGs were extracted. Subsequently,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses were carried out to
explore the potential molecular pathways and physiological
processes of the DEIRGs.

Establishment of a prognostic IRG signature

The DEIRGs were subjected to univariate Cox regression
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analysis using the survival package in R to obtain those
key DEIRGS related to prognosis. The core prognostic
DEIRGs were identified with the screening criterion set
to P<0.01. After that, the Cox regression model with least
absolute shrinkage and selection operator (LASSO) was
used to reduce noise and redundant genes. The optimal
values of the penalty parameter A were determined through
10 cross-validations, and the risk model was constructed
based on the results. The following signature formula was
used: Risk score = ¢l xexpLncRNA1 + &2 xexpLncRNA2 + ...
enxexpLncRNAn.

In this signature, ¢ represents the regression coefficient
of LASSO Cox regression, and expL.LncRNA represents the
expression levels of the core prognostic DEIRGs.
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Immune-related gene sets were downloaded from http://
software.broadinstitute.org/gsea/downloads and used in
Gene Set Enrichment Analysis (GSEA) 3.0 [normalized
enrichment score (NES) >1.5 and FDR <0.05].

Survival analysis

Death was used as the endpoint in this study. Clinical
data were obtained from the TCGA database. The log2
(normalized value +1) data format was used for survival
analysis. Prognosis-related IRGs (PRDEIRG) were screened
out by univariate Cox analysis using the survival package in R.

Construction of the potential regulatory networks of
PRDEIRGs and transcription factors (TFs)

To further explore the clinical value of the screened
PRDEIRGsS, our next focus was to explore the regulatory
network of the PRDEIRGS and their upstream TFs. The
Cistrome Cancer database is a reliable data source that
integrates cancer genome data from TCGA with more
than 23,000 ChIP-Seq and chromatin data. We download
317 TFs from Cistrome Cancer database and screened out
those which were differentially expressed between ccRCC
and non-tumor tissues. The correlations between the
differentially expressed TFs and the previously screened
PRDEIRGs were analyzed (the screening criteria were
correlation score >10.41 and composite score >10.61) and
the resulting TF regulatory network was visualized using
Cytoscape software (version 3.6.1).

Further analysis of the clinical significance of the IRG
prognostic model

The prognosis-related IRGs were firstly screened by
Unicox analysis. After the elimination of overfitting by lasso
regression analysis, 8 prognosis-related IRGs were obtained.
A prognostic model of IRGs was established based on the
lasso coefficient. According to the median risk score of all
the clinical samples from TCGA, patients were divided into
high-risk and low-risk groups. Subsequently, the prognostic
value of model was further evaluated using the two groups
of samples.

Cell culture

The human normal kidney epithelial cell line HK-2 and
ccRCC cell lines (786-0, Caki-2, and 89C-Al) were
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supplied by the Cell Bank of the Chinese Academy of
Sciences. The human ccRCC cell lines were cultured
in RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.)
containing 10% fetal bovine serum (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin. The HK-2
cell line was cultured in Dulbecco’s Modified Eagle Medium
(DMEM; ScienCell Research Laboratory) containing 10%
fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.).
All cells were cultured at 37 °C and 5% CO.,.

Quantitative reverse transcription PCR

TRIzol® reagent (Thermo Fisher Scientific, Inc.) was used
to isolate total cellular RNA in line with the manufacturer’s
instructions. SYBR® Green PCR Master Mix (Thermo
Fisher Scientific, Inc.) and the 7900HT Fast Real-Time
PCR System were used to perform quantitative PCR
(qPCR). The cycling conditions were as follows: 95 °C for
10 minutes, 95 °C for 10 minutes, followed by 40 cycles
at 95 °C for 10 seconds and 60 °C for 1 minute. Relative
mRNA levels were normalized using GAPDH as a control.
The 2-AACq method was applied for analysis of the results.

Nomogram development and validation

Univariate and multivariate Cox regression analyses were
performed to predict the impact of the IRGPS and other
clinicopathological features on prognosis and metastasis
in patients with ccRCC. Subsequently, Nomograms were
created to predict prognosis and metastasis, and these
Nomograms were validated by consistency indices (C-index)
and calibration plots using the rms package v5.1 in R
(https://cran.r-project.org/web/packages/rms /index.html).

Statistical analysis

The prognostic performance of the IRG signature was
evaluated through comparison of the sensitivity and
specificity of receiver operating characteristic (ROC)
curves. The area under the ROC curve of the risk score was
calculated using the survival ROC package in R, and the
area of the risks core was further compared with those of
other clinical features related to prognosis, including stage,
age, and T stage, to verify the reliability of the risk score
as a prognostic factor. Principal component analysis (PCA)
was performed to profile expression patterns of grouped
samples. Differences between clinical parameters were
tested by independent # tests. A P value of less than 0.05
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Figure 2 Filtering and analysis of differentially expressed immune-related genes. (A,B) Heat map and volcano plot showing differentially
expressed genes between ccRCC and non-tumor tissues. (C,D) Heat map and volcano plot showing differentially expressed immune genes
between ccRCC and non-tumor tissues. Green dots and red dots represent differentially expressed genes: red dots represent up-regulated

genes; green dots represent down-regulated genes; and black dots represent non-differentially expressed genes. ccRCC, clear cell renal cell

carcinoma. ccRCC, clear cell renal cell carcinoma.

was considered indicative of statistical significance. The
Wilcoxon test was used to compare differences in the relative
number of TIICs and the expression levels of DEIRGs

between the low-risk score and high-risk score groups.

Results
Identification of DEIRGs

The edgeR algorithm was used to extract 7,290
differentially expressed genes including 5,454 which
were upregulated and 1,836 which were downregulated
(Figure 2A4,2B). After screening the IRGs, we obtained 670
DEIRGs including 554 upregulated and 116 downregulated
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genes (Figure 2C,2D). Subsequently, the DEGs were used
for gene enrichment analysis. GO analysis revealed that
“signal transduction”, “plasma membrane”, and “cytokine
activity” were the most common biological process, cellular
component, and molecular function terms, respectively
(Figure 34). KEGG analysis shows that the DEGS were
most commonly enriched in cytokine-cytokine receptor
interaction (Figure 3B). At the same time, the DEIRGs were
used for gene enrichment analysis. GO analysis revealed
“immune response”, “plasma membrane”, and “antigen-
binding” to be the most common biological process, cellular
component, and molecular function terms, respectively

(Figure 3C). KEGG analysis shows that the DEIRGs were

Ann Transl Med 2021;9(20):1544 | https://dx.doi.org/10.21037/atm-21-4973



Page 6 of 21

A D Description Count  FDR
G0:0007165 signal transduction 104 221E-19
60:0007166 cell surface receptor signaling pathway 49 2.06E-19
G0:0032496 response to lipopolysaccharide 40 2.18E-20
G0:0031295 T cell costimulation 32 2.42E-23
G0:0060333 interferon-gamma-mediated signaling pathway 32 7.116-25
G0:0045087 innate immune response 68 5.78E-25
G0:0070098 chemokine-mediated signaling pathway 33 2.726-26
G0:0007267 cell-cell signaling 56 1.88E-27
G0:0006935 chemotaxis 45 7.12€-32
G0:0006898 receptor-mediated endocytosis 56 3.63E-35
G0:0038095 Fc-epsilon receptor signaling pathway 60 3.74E-41
G0:0038096 Fc-gamma receptor signaling pathway involved in phagocytosis 57 4.05E-47
G0:0006956 complement activation 53 8.92E-53
G0O:0006958 complement activation, classical pathway 60 3.63E-60
G0:0006954 inflammatory response 103 7.91E-64
G0:0050776 regulation of immune response 90 2.92E-83
GO:0006955 immune response 173 1.86E-149
G0:0072562 blood microparticle 40 4.80E-23
G0:0009986 cell surface 7 2.88E-23
G0:0005887 integral component of plasma membrane 142 1.19€-37
G0:0009897 external side of plasma membrane 65 5.00E-44
G0:0005886 plasma membrane 301 227€E-63
G0:0005615 extracellular space 173 7.21E-64
G0:0005576 extracellular region 220 4.06E-91
G0:0008009 chemokine activity 25 117€-20
G0:0008083 growth factor activity 47 1.02€-28
G0:0004252 serine-type endopeptidase activity 61 4.30€-33
G0:0005125 cytokine activity 53 9.68E-34
G0:0003823 antigen binding 68 172€-73

C 1D Description Count FDR
G0:0006955 immune response 23 4.30E-12
G0:0006954 inflammatory response 21 7.92€-11
G0:0007165 signal transduction 25 5.88E-05
G0:0006935 chemotaxis 10 6.18E-05
G0:0030593 neutrophil chemotaxis 8 1.76E-04
60:0070374 positive regulation of ERK1 and ERK2 cascade 10 0001353274,
60:0070098 chemokine-mediated signaling pathway. 7 0005762171
60:0050776 regulation of immune response 9 0015357841
G0:0030335 positive regulation of cell migration L) 0.019560064
G0:0008284 positive regulation of cell proliferation 13 0.027331477
G0:0071346 cellular response to interferon-gamma 6 0.032462271
G0:0042742 defense response to bacterium 8 0.035884075
G0:0010820 positive regulation of T cell chemotaxis 4 0.036238273
G0:0043552 positive regulation of phosphatidylinositol 3-kinase activity 5 0.049074872
G0:0005576 extracellular region 39 7.886-13
G0:0005615 extracellular space 36 9.10E-13
G0:0005886 plasma membrane 52 227E-07
60:0005887 integral component of plasma membrane 2 9.14E-05
60:0009986 cell surface 14 0007738555
60:0005125 cytokine activity 13 4.87E-07
G0:0008009 chemokine activity 8 1.53€-05
G0:0008083 growth factor activity i1 4.01E-05
G0:0005160 transforming growth factor beta receptor binding. 6 0.005285166
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most commonly enriched in cytokine-cytokine receptor
interaction (Figure 3D).

Identification of prognosis-associated DEIRGs

By combining clinical data, we screened out DEIRGs
that were significantly correlated with clinical outcomes
(P<0.05) and then obtained 100 prognosis-related DEIRGS

(PRDEIRGS). As shown in the hazard ratio forest plot in
Figure 4, most of the PRDEIRGs in the ccRCC samples
were upregulated which act as promoters of cancer
development (Figure 4).

Construction of a TF and IRG regulatory network

To investigate the molecular mechanisms of the IRGs, we
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Figure 4 Hazard ratio forest plot. Forest plot of mean differences and hazard ratios showing differentially expressed genes between clear cell

renal cell carcinoma and non-tumor samples.

investigated the relationships between the IRGs and their
upstream TFs. We identified 60 differentially expressed TFs
between the normal and tumor tissues, and subsequently,
the correlation between these TFs and disease prognosis
and IRG was analyzed (Figure 5A,5B). Finally, a complete
adjustment network between the selected TFs and IRGs
was established (Figure 5C).

Construction of the IRG prognostic model

After ruling out the possibility of overfitting the selected
genes, we established an IRG prognostic signature (IRGPS)
for ccRCC based on the LASSO coefficient (Table 1,
Figure 64,6B). The following formula was used for the
model: {(LTB4Rexpression level x 0.00162610575685915)
+ (AGERexpression level x 0.00687887880688249)

© Annals of Translational Medicine. All rights reserved.

+ (PLAURexpression level x 0.0127930955874741)
+ (BMPlexpression level x 0.00197358886843568) +
(MDKexpression level x 0.000382733494608676) +
[PDGFDexpression level x (—0.000701610101642847)]}
+ (UCNexpression level x 0.0549516438186964) +
(BlDexpression level x 0.0408935254267024). A total of 491
patients were included in the model and were divided into
two groups: the high risk score (n=245) and low risk score
(n=246) groups (Table 2). Survival analysis of the two groups
suggested that the risk score could be an important tool
for differentiating the OS of patients with ccRCC (Figure
6C). Additionally, we incorporated age, T stage, and other
prognostic factors into the ROC analysis. The results
showed that the reliability of the risk score as a predictor
of survival was similar to or better than that of prognostic
factors such as age or T-stage, which have previously been
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Table 1 lasso regression coefficient

Gene Coef

LTB4R 0.001626106
AGER 0.006878879
PLAUR 0.012793096
BMP1 0.001973589
MDK 0.000382733
PDGFD -0.00070161
UCN 0.054951644
BID 0.040893525
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shown to be meaningful (Figure 6D).

Subsequently, we performed survival analysis after
grouping the patients with ccRCC by different clinical
characteristics (Figure 6E-67). The results showed that the
IRGPS had significant ability to stratify the prognosis of
patients with ccRCC in different subgroups (P<0.01).

Clinical significance of the IRG model

Correlation analysis of the IRGPS risk score and clinical
characteristics revealed that risk score was strongly

Ann Transl Med 2021;9(20):1544 | https://dx.doi.org/10.21037/atm-21-4973
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correlated with T stage, M stage, N stage, sex, and stage
(Figure 7A-7F). The results revealed that the IRGPS risk
score was closely associated with the malignant progression
of ccRCC and that the probability of a high risk score was
greater in men than in women. The GSEA results of IRGPS
showed that the set of genes related to immune system
processes and immune responses were mainly enriched in
the high-risk subgroup (Figure 7G,7H). Subsequent GO
and KEGG analysis results suggested that the enrichment
results in the high-risk subgroup were mainly involved in
the regulation of the immune system (including positive
regulation of activated T cell proliferation, B cell-mediated
immune regulation, regulation of cd4-positive af cell
activation, regulation of interleukin-1p production and
regulation of T cell migration), renal cell carcinoma, IgA
production in the intestinal immune network, primary
immunodeficiency, auto immune thyroid disease and the

p53 signaling pathway. (Figure 71,77).

Validation of IRGPS for correlation with the immune system

The bar graph in Figure 84 shows the proportion of TIICs
in the 539 ccRCC samples. The box plot in Figure 8B shows
the level of immune cell infiltration in the high and low risk
score subgroups. The results show that activated dendritic
cells, CD8" T cells, macrophages, mast cells, helper T cells,
T follicular helper cells, tumor-infiltrating lymphocytes
(TIL), and Tregs differed significantly between the two
groups (P<0.05). The box plot in Figure 8C indicates that
there were significant differences in the activation of tumor-
related immune responses, such as , Antigen-presenting cells
co-stimulation, activation of immune checkpoint, cytolytic
activity, activation of human leukocyte antigen, Inflammation-
promoting, parainflammation, T cell co-stimulation, T cell
co-inhibition, and type I and type 2 interferon response,
between the high-risk and low-risk groups (P<0.001). The
TIDE algorithm was applied to validate the effect of the
IRGPS on immunotherapeutic response in the TCGA-
KIRC cohort. The ICI response results for each patient are
shown in https://cdn.amegroups.cn/static/public/atm-21-
4973-1.xls. The results show that IRGPS-low risk group had
a significantly lower ICI response rate than the IRGPS-high-
risk group ()’ test, P<0.001; Figure §D).

Verification of multiple databases

To further validate the reliability of the prognostic model,
the genetic and clinical information of 91 patients with

Ann Transl Med 2021;9(20):1544 | https://dx.doi.org/10.21037/atm-21-4973
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Figure 7 Clinical significance of the immune genes and immune model. (A-F) Correlation analysis of the prognostic immune-related gene

signature risk score with clinical characteristics. (G-J) The result of Gene Set Enrichment Analysis based on six tumor microenvironment-

related prognostic genes.

ccRCC from the GEO database was assessed using the
same model and divided into two groups (7able 3). Survival
analysis revealed a significant difference in survival time
between the two groups (Figure 94,9B). We next used the
Oncomine database to search and analyze the expression of
LTB4R, AGER, PLAUR, BMP1, MDK, PDGFD, UCN
and BID and performed an y’ test on the results of the
three completed experimental studies. The results confirm
that these genes were differentially expressed between the
ccRCC tissues and normal tissues (P<0.001) (Figure 9C-97).

© Annals of Translational Medicine. All rights reserved.

Validation of the expression of prognostic tumor
microenvironment—velated genes in vitro

Quantitative reverse transcription PCR was used to
investigate the expression levels of the eight immune-
related prognostic genes in three ccRCC cell lines (786-
O, Caki-2, and 89C-A1) and one normal kidney epithelial
cell line (HK-2). The results showed that LTB4R, AGER,
PLAUR, BMP1, PDGFD, and UCN were significantly
upregulated in ccRCC cells (Figure 10).
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Establishment and validation of Nomograms to predict
survival based on the IRGPS

In the analysis of the 539 ccRCC samples in the TCGA-
KIRC cohort, clinical characteristics were screened
by univariate and multifactorial Cox regression, and

Nomograms to predict OS at 1, 3, and 5 years were created

© Annals of Translational Medicine. All rights reserved.

@k 5. Wk
’

, represents P<0.0

, represents P<0.01; “***”

represent

based on the IRGPS risk score, age, class, and stage (Figure
11A4,11B). The Nomogram had a C index of 0.79+0.18
(mean = standard error), which indicated that the actual OS
of the sample was generally consistent with the predicted
OS (Figure 11C). Finally, the calibration plots showed the
Nomogram to have good predictive utility in the prediction
of ccRCC prognosis (Figure 11D,11E).
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Establishbment and validation of Nomograms to predict
metastasis based on the IRGPS

In the analysis of the 539 ccRCC samples in the TCGA-
KIRC cohort, clinical characteristics were screened
by univariate and multifactorial Cox regression, and
Nomograms to predict distant metastasis were created
based on the IRGPS risk score, grade, and T stage (Figure
12A4,12B). The C-index of the Nomograms was 0.865+0.03
(mean # standard error), which indicated that the actual
rate of distant metastasis within the sample was generally
consistent with the predicted results. The calibration plots
also showed consistency between the Nomogram-predicted
and actual distant metastasis (Figure 12C) Similarly, after
screening, the IRGPS risk score, grade, T stage, and stage
were used to construct Nomograms to predict lymph
node metastasis (Figure 12D,12E). The C-index of the
Nomograms was 0.96x0.02 (mean = standard error),
which indicated the validity of this Nomograms. The
calibration plots showed the lymph node metastasis-related
Nomograms to have good predictive power (Figure 12F).

Discussion

RCC is one of the most common tumors of the urinary tract
and is insensitive to radiation and chemotherapy. ccRCC
is the most common subtype of RCC (70-80%). A large
number of evidence demonstrates that alterations in gene
and protein levels are closely related to the development
of ccRCC and patient prognosis. Zhang et /. (15)
demonstrated that p-CREB1 protein levels were
significantly higher in tumor tissues than in adjacent normal
tissues and increased progressively from normal to tumor
fractions and was an independent prognostic biomarker for
ccRCC patients. Heyliger ez 4. (16) found that KRAB-ZNF
protein expression levels were significantly downregulated
in clear cell carcinoma by analyzing the data obtained. In
addition, ZNF433 had different expression levels at different
stages and grades of ccRCC and correlated with tumor
metastasis and patient prognosis; Su e a/. (17) found that
YTHDEF?2 expression was significantly correlated with the
abundance of immune cells and affected patients” OS and
DES. Currently, molecularly targeted drugs (tyrosine kinase
inhibitors; e.g., pazopanib, sunitinib) are the most preferred
treatment option for patients with advanced RCC, but a
highly adaptive, active, and heterogeneous TME can have
an impact on treatment efficacy and even drug resistance
situation (18). TME consists of tumor cell components

Ann Transl Med 2021;9(20):1544 | https://dx.doi.org/10.21037/atm-21-4973
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and surrounding non-tumor components (e.g., vascular
endothelial cells, mesenchymal stem cells, adipocytes,
fibroblasts, cytokines, lymphocytes, macrophages, etc.) that
provide the necessary structure, environment, and barriers
for tumor cell development and progression (19). Also, TME
contains many biochemical components (e.g., cytokines,
growth factors, etc.) These components together constitute
a highly complex and dynamic heterogeneous network that
is important for tumor growth and invasion (20). A large
number of studies have now shown that immunosuppression
of TME and low immunogenicity of tumor cells are
negatively correlated with the efficacy of antitumor drugs
and may promote the occurrence of immune escape of tumor
cells (21). Currently, IRG is considered to be closely related
to the tumor microenvironment and tumor development.

© Annals of Translational Medicine. All rights reserved.

Although significant progress has been made in the study of
IRGs in tumorigenesis, progression, and immunotherapy,
systematic analysis and molecular mechanism studies of the
prognostic impact of IRGs on ccRCC are still lacking. In
this study, we performed a comprehensive analysis of IRGs
in ccRCC to better understand their prognostic significance
and molecular characteristics. We obtained a large number
of clinical samples from TGCA, which ensured the accuracy
of the results. From these ccRCC samples, we screened
eight IRGs that were significantly associated with the onset
and progression of ccRCC by bioinformatics. by further
analysis of the findings, we found that these IRGs could
serve as potential clinical biomarkers for ccRCC and guide
personalized treatment.

Studies have shown that changes of IRGs such as platelet-
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Figure 12 Construction of a Nomogram to predict metastasis of ccRCC. (A) Univariate and multivariate Cox analyses were performed to

screen for variables significantly related to lymph node metastasis; (B) Nomogram to predict the probability of lymph node metastasis; (C)

calibration plots of the Nomogram to predict the probability of lymph node metastasis; (D) univariate and multivariate Cox analyses were
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derived growth factor D (PDGF-D) may enhance invasion
and metastasis in several human malignancies. For instance,
studies have indicated that overexpressing PDGF-D in
SN12- cells promoted the growth, angiogenesis, and
metastasis of human renal cell carcinoma in an orthotopic
severe combined immunodeficient (SCID) mouse model.
Xu et al. reported that PDGF-D overproduction in SN12-C
cells increased the proliferation and migration of mural cells
in vitro and improved perivascular cell coverage in vivo (22).
The present study sought to investigate the relationships
between IRGs and the tumor microenvironment, and
their clinical significance. Functional enrichment analysis

© Annals of Translational Medicine. All rights reserved.

of the screened IRGs showed that these genes were
mainly involved in immune response. The advent of ICI
immunotherapy has led to significant changes in the
treatment landscape for several solid malignancies. In
particular, drugs targeting the programmed death 1 (PD-1)
and cytotoxic T-lymphocyte-associated antigen (CTLA-4)
pathways can achieve considerable clinical efficacy (23).
This further confirms that the IRGs we identified are
meaningful.

To further elucidate the regulatory mechanisms of
the selected genes, we constructed a TF-IRG regulatory
network to explore potentially clinically valuable molecular
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mechanisms. In the future, this network can guide further
verification and analysis of upstream and downstream
TFs and specific regulatory mechanisms of target IRGs.
A regulatory relationship between MYBL2 and MDK,
which are closely related to growth factors, has been
suggested; these types of relationships should guide future
research (24).

An IRGPS including eight prognostic IRGs that were
differentially expressed between ccRCC and normal tissues
was established through a combination of Cox regression
analysis, LASSO Cox regression analysis, and survival
analysis. The IRGPS showed a significant ability to stratify
the OS of patients with ccRCC, and the prognosis of the
low-risk group was significantly better than that of the
high-risk group. These results suggest that the IRGPS can
effectively predict the prognosis of patients with ccRCC.
By studying genome-wide DNA methylation, Wang ez al.
constructed a model using six methylation-driven genes
to predict OS in bladder cancer (25). Chen ez al. explored
prognostic TME-related genes and identify key regulators
for TME of ccRCC (26). Many other studies have
focused on the effects of single genes or proteins on the
prognosis of patients with ccRCC (27). In contrast to
previous research directions, the present study focused
on eight IRGs that were significantly associated with the
prognosis of ccRCC. The IRGPS can be used not only as
a prognostic indicator, but also to evaluate the immune
status of patients and provide personalized treatment plans.
Also, the results of the correlation analysis based on patient
clinical characteristics suggested that the IRGPS was closely
related to the malignant progression of ¢ccRCC, which
also provided direction for the next step of constructing a
metastasis-related Nomogram. Follow-up gene function
and pathway enrichment analyses pf the IRGPS showed
that dysregulation of the expression of these eight
prognostic IRGs was closely associated with immune system
disorders. Functional and pathway enrichment analyses of
the high risk score subgroup suggested that the functions of
these genes mainly included the regulation of immune cells
involved in specific immunity. The main pathways included
the renal cancer, P53 signaling, and immune disease
pathways. Importantly, p53, a well-studied oncogene, is
mutated or missing in almost half of the cancers, which
provides a direction for subsequent exploration of the
molecular mechanisms underlying the occurrence of ccRCC
and the search for corresponding therapeutic targets (28).

The activation of immune system and TIIC
infiltration play an important role in the development of

© Annals of Translational Medicine. All rights reserved.
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immunotherapeutic strategies (29,30). By assessing the
status of TIICS and the immune system in ccRCC samples,
we found that IRGPS risk score was correlated with multiple
TIICs, being positively correlated with macrophages, CD8"
T cells, T follicular helper cells, and Tregs and negatively
correlated with mast cells. Sheng er /. found that samples
from patients with ccRCC could be divided into two
subgroups: a subgroup with a better prognosis characterized
by a higher proportion of mast cell infiltration and a group
with a worse prognosis characterized by severe immune
infiltration and the presence of immunosuppression (21).
The present study provides a side-by-side explanation of
why the IRGPS high-risk group has a poorer prognosis
than the low-risk group. Furthermore, the IRGPS was
found to be significantly positively correlated with the
activation of the immune system, representing a more active
immune microenvironment in patients in the IRPGS high-
risk group. This active change may stem from enhanced
tumor immune escape, which in turn elevates the activity of
the immune system through negative feedback regulation.
Subsequent results of immunotherapy responsiveness
evaluation suggested that the high-risk group had higher
immune activity and responded more effectively to
immunotherapy than the low-risk group. Therefore, the
IRGPS has the potential to be an important basis for
developing individualized immunotherapy plans for patients
with ccRCC; however, the mechanisms involved need to
be further explored. It is now commonly believed that IRG
regulates TME and affects immune cell differentiation
and ccRCC progression. The mechanism of the role of
TME in tumor treatment and tumor escape is still under
investigation. Although immunotherapy has become an
important component of tumor treatment, the impact of
TME on immunotherapy and related mechanisms still need
to be further explored. With the development of targeted
therapeutic agents targeting various TME components or
immune genes, strategies combining them with TKI or ICI
will likely be the future direction of cancer therapy.

The prognostic significance of the IRGPS was further
validated in a sample of 91 ccRCC cases from the GEO
database. The results of cellular assays and Oncomine
database analysis further demonstrated that the eight IRGs
were differentially highly expressed in ccRCC.

To further explore the clinical role of IRGPS, we
combined IRGPS with other clinical factors to create
Nomograms to predict prognosis and metastasis in ccRCC
patients. Subsequent validation results showed that the
Nomogram was effective in predicting prognosis and
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metastasis of ccRCC.

Of course, the current research has limitations. First,
the immune system is a dynamic and complex system, and
simple transcriptome analysis only reflects certain aspects
of an individual's immune status and is not comprehensive.
Second, the molecular regulatory mechanisms of the IRGs
has not been further confirmed 7z vivo. Third, the prognosis
of ccRCC is affected by many factors. The prognostic
indicators used in this study did not exclude the effects of
other factors such as metabolism and infection, and we only
addressed the role of the immune system. Actually there are
similarities between this study and the previous publication
by Gao et al. (31). We all focused on exploring the effect of
IRGs on ccRCC, but this study still has many differences
and innovations compared to the latter. Firstly, the present
study established a more demanding filtering condition.
Second, the eight-gene based signature created in this study
adopts more variables than the latter, is relatively more
stable, and performs better in its ability to predict prognosis
(ct. AUC). Third, we explored the signature's relevance
to the immune system more comprehensively than the
latter, adding an inquiry about the degree of activation
of the immune system and sensitivity to ICI treatment.
Fourth, compared to the latter, we added cellular level
studies, verifying that there were significant differences in
transcript levels of target genes in the three tumor cell lines
and normal epithelial cells. Most importantly, this study
combined with other common ccRCC clinical traits to
produce a Nomogram applied to the prediction of tumor
prognosis and metastasis, an approach that enables better
clinical application of IRGPS.

The IRG prognostic model constructed in this study
provides a tool for assessing the immune status of patients,
developing individualized treatment plans, and predicting
prognosis and metastasis in ccRCC. However, further
research is necessary. For example, study of the specific
relationships between IRGs, downstream proteins, and the
metabolic processes they control will allow the dynamic and
complete tumor immune response system to be described.

Conclusions

In conclusion, our study explored the malignant
progression of ccRCC and its associated mechanisms
from an immunological perspective. Our IRGPS based on
eight OS-related immune genes was found to be strongly
associated with the prognosis and metastasis of ccRCC, and
could assess the immune status of patients with ccRCC and

© Annals of Translational Medicine. All rights reserved.
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predict their sensitivity to immunotherapy. Biofunctional
and pathway analyses provided direction for further
mechanistic analysis. The Nomogram built based on the
IRGPS is a useful tool for predicting prognosis, distant
metastasis, and lymph node metastasis in patients with

ccRCC.
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