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Abstract

Background: Anti-angiogenic therapies and immunotherapy are pivotal treatment options for kidney renal clear
cell carcinoma (KIRC). However, the role of angiogenesis-associated genes (AAGs) in tumorigenesis of renal cell
carcinoma, their potential as prognostic markers, impact on the tumor microenvironment (TME), and response to
immunotherapy remain elusive. Identifying promising prognostic indicators based on AAGs in KIRC may facilitate early
detection of recurrence and inform treatment strategies.

Methods: We investigated the expression profiles of 36 angiogenesis-associated genes (AAGs) in patients with
clear cell renal cell carcinoma (KIRC), including 536 tumor tissues and 72 adjacent non-tumor tissues obtained from
The Cancer Genome Atlas (TCGA) database. Two distinct clusters were identified based on AAG expression patterns,
and we comprehensively examined the correlation between angiogenesis and patient risk, overall survival, as well as
immune cell proportion within the tumor microenvironment (TME). Subsequently, we evaluated the AAG scores within
different clusters and validated their predictive ability for KIRC patients using a risk score model. Finally, we assessed
the half maximal inhibitory concentration (IC50) values of twelve chemotherapy and targeted drugs across different
AAG score groups.

Results: We observed that four differentially expressed genes (VEGFA, TIMP1, VCAN, and POSTN) were
identified as hub genes. Survival analysis indicated that both the low AAG score and low-risk groups exhibited superior
overall survival (OS). The high AAG score group showed higher TME scores compared to the low AAG score group.
These two clusters encompassed a plethora of metabolism-associated pathways. Furthermore, when combined with
the AAG_score, different tumor mutation burden (TMB) subgroups demonstrated that the low TMB+low-risk group
had a greater OS. Additionally, there was a significant correlation between the AAG_score and susceptibility to
chemotherapy and targeted drugs.

Conclusion: Our findings unveil the substantial predictive role of AAGs as a clinical prognostic signature in KIRC.
The association between AAGs and TME holds promise for more potent combination therapy options for patients with

KIRC.
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Introduction

Kidney cancer ranks 16th among malignant tumors, with KIRC
accounting for 70-75% of all cases. Surgery is the primary treatment
option for localized RCC; however, approximately 20-40% of patients
experience distant metastasis or local recurrence after surgery. Another
30% of patients present with locally advanced metastasis at diagnosis
and have a poor prognosis. KIRC is a complex disease characterized by
inter-tumor and intra-tumor heterogeneity, which increases its clinical
unpredictability and reduces sensitivity to conventional chemotherapy
and radiotherapy. Recent genome-wide studies on RCC have
confirmed its high molecular complexity. High genomic variability also
contributes to treatment failure in patients with advanced renal cancer,
including resistance to angiogenic drugs and their poor performance in
clinical practice. Therefore, systemic treatments beyond radiotherapy
and chemotherapy are necessary for managing advanced or metastatic
renal cancer [1-5].

"KIRC is characterized by extensive vascularization, making it
a highly vascularized tumor. In recent years, significant progress has
been made in the treatment of metastatic RCC (mRCC) through the use
of antiangiogenic drugs such as sunitinib, sorafenib, and bevacizumab
[6]. These drugs have become the standard first-line treatment for
KIRC. However, targeted therapy for advanced renal cell carcinoma
still faces major limitations. Tumor resistance typically develops after

approximately one year of targeted therapy, and its efficacy in high-
risk groups remains uncertain. Therefore, there is an urgent need to
identify a novel prognostic signature for patients with mRCC [7]."

KIRC is a highly immunogenic tumor. In recent years, the
treatment strategy for metastatic renal cell carcinoma (mRCC) has
shifted from molecular-targeted therapy to immune checkpoint
inhibitor (ICI) therapy [8,9]. Inhibitors targeting programmed cell
death-1 (PD-1), its ligand programmed cell death ligand-1 (PD-L1),
and cytotoxic T-lymphocyte-associated protein 4 receptor (CTLA-4)
have promising application prospects and demonstrate remarkable
efficacy in mRCC treatment [10]. These inhibitors can further enhance
patient prognosis after previous targeted therapy failure and effectively
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prolong survival time. However, the monotherapy effect of ICB is
limited, with most patients eventually developing drug resistance [11-
14]. Therefore, overcoming resistance and identifying those who will
benefit the most are urgent priorities. Biomarkers play a crucial role in
predicting therapeutic effects. Abnormal angiogenesis is a fundamental
process in tumors that involves overexpression of proangiogenic
factors regulating vascular proliferation while disrupting the balance
between proangiogenic and antiangiogenic processes. This disruption
leads to abnormal blood vessel proliferation, ultimately creating an
immunosuppressive microenvironment characterized by hypoxia
and acidosis. Notably, VEGF promotes the generation of abnormal
blood vessels, contributing to the formation of an immunosuppressive
microenvironment [15-17] that facilitates immune escape and distant
metastasis. In recent years, the treatment strategy for metastatic
renal cell carcinoma (mRCC) has shifted from molecular-targeted
therapy to immune checkpoint inhibitor (ICI) therapy. Inhibitors
targeting programmed cell death-1 (PD-1), its ligand programmed
cell death ligand-1 (PD-L1), and cytotoxic T-lymphocyte-associated
protein 4 receptor (CTLA-4) have promising application prospects
and demonstrate remarkable efficacy in mRCC treatment [18,19].
These inhibitors can further enhance patient prognosis after previous
targeted therapy failure and effectively prolong survival time. However,
the monotherapy effect of ICB is limited, with most patients eventually
developing drug resistance. Therefore, overcoming resistance and
identifying those who will benefit the most are urgent priorities.
Biomarkers play a crucial role in predicting therapeutic effects.
Abnormal angiogenesis is a fundamental process in tumors that
involves overexpression of proangiogenic factors regulating vascular
proliferation while disrupting the balance between proangiogenic
and antiangiogenic processes. This disruption leads to abnormal
blood vessel proliferation, ultimately creating an immunosuppressive
microenvironment characterized by hypoxia and acidosis. Notably,
VEGF promotes the generation of abnormal blood vessels, contributing
to the formation of an immunosuppressive microenvironment [20-22]
that facilitates immune escape and distant metastasis. Antiangiogenic
drugs have the potential to normalize tumor blood vessels and
alleviate the immunosuppressive state. When combined with ICIs,
these drugs can enhance the immune microenvironment, facilitate
vascular remodelling, and augment infiltration of immune effector
cells, thereby further enhancing antitumor efficacy. Numerous studies
have demonstrated that compared to monotherapy, the combination
of antiangiogenic therapy and ICIs significantly improves therapeutic
outcomes in tumors, making it an appealing strategy for clinical
applications [23,24]. However, despite certain indicators such as PD-
L1 expression level, tumor mutation load, mismatch repair protein
status, microsatellite instability, and tumor-infiltrating lymphocytes
having some predictive significance for treatment response; more
precise biomarkers are still required to identify potential beneficiaries
[25]. Previous reports have suggested that AAGs serve as prognostic
markers and predictors of treatment response [26]. Nevertheless, their
expression patterns and clinical value in solid tumors remain unclear.
The objective of this study was to investigate the association between
AAG expression and clinicopathological features, prognosis, tumor
microenvironment (TME), and sensitivity to anti-angiogenic treatment
therapy in KIRC samples, aiming to provide a novel theoretical
foundation and potential biological targets for the prevention and
treatment of KIRC.

Materials and Methods

Patients and samples

Transcriptome RNA-seq data of 608 KIRC patients (72 in the

normal group and 536 in the tumor group) were downloaded from
The Cancer Genome Atlas (TCGA) (http://cancergenome.nih.gov/
publications/publicationguidelines). The project ID was TCGA-
KIRC. This study included patients with complete clinical data and
pathologically confirmed clear cell carcinoma of the kidney. Patients
with other types of renal cancer with incomplete clinical data were
excluded. Thirty-six AAGs were obtained from the MSigDB Team
(Hallmark Gene Set), Patient data are shown in Supplementary Figure
S1, Supplemental Digital Content.

Analysis of AAG clusters based on angiogenesis scores

The Consensus Cluster Plus package in R was used to perform
K-means clustering on 536 KIRC tumor samples based on the
expression profiles of 36 AAGs. Two AAG clusters were obtained
after 1000 iterations. The R GSVA package was used to the analyze the
biological functions of AAG using KEGG gene sets (c2. Cp. KEGG.
7.5.1. Symbols. GMT).

Association of the AAG clusters with clinical features and
prognosis of KIRC

Clinical data included age, sex, T stage, and N stage. OS of AAG
clusters was analyzed by Kaplan-Meier, and survival curves were

>«

drawn by R’s “Survival” and “Survminer” packages.
Correlation between the AAG cluster and the TME

The CIBERSORT method was used to analyze immune cell
infiltration in patients with KIRC, and the role of immune infiltrating
cells in different AAG clusters was preliminarily explored. Immune,
Stromal and Estimate scores were generated using the Estimate package
loaded in R language (version 4.0). We then analyzed the expression of
the PD-1, PD-L1, and CTLA-4 genes in the two AAG cluster samples.

Generation of DEGs and functional and pathway enrichment
analysis

Gene expression was analyzed using the limma package in R and
different expression genes (DEGs) were generated by comparing the
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Figure S1: Identification of gene subtypes based on 82 DEGs among two
angiogenesis subgroups in KIRC cohort.
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two AAG clusters. After log2 (high/low AAG cluster) transformation,
DEGs with fold change>1 and false discovery rate (FDR) < 0.05
were considered statistically significant and functional and pathway
enrichment analyses were performed using R’s cluster Profiler package
and mapping of the identified DEGs.

Associations between DEG clustering and clinical features
and prognosis

The Consensus Cluster Plus package in R was used to perform
K-means clustering on 613 DEGs in 536 KIRC samples, and two gene
clusters were obtained after 1000 iterations. The overall survival among
different gene clusters was analyzed by Kaplan-Meier, and survival
curves were plotted by R’s “Survival” and “Survminer” packages. At
the same time, the clinical characteristics of the gene clusters were
compared. We also studied differences in the expression s of 36 AAGs
in different gene clusters.

Assessingthe AAG_score and constructing the risk assessment
model

We randomly divided the 536 KIRC tumor samples into a
training set (268 samples) and a test set (268 samples). Univariate
Cox regression analysis was performed to identify prognostic genes
in the training set, which were further selected using the LASSO Cox
regression analysis. The corresponding coefficients were obtained
using multi-Cox regression. The final AAG score was calculated as
follows: (Pm RNAlxexpression of mRNA1)+(fm RNA2xexpression
of mRNA2)+---+ (Bm RNAnxexpression of m RNAn). The R package
(survival and survminer) was used to determine the best cutoff value to
divide the samples into different risk groups.

Evaluation of the prognostic and classification effect of the
AAG score

To further evaluate the prognostic effect of the AAG_score, we
performed validation in the test dataset and confirmed whether the AAG_
score was significantly different between the AAG and gene clusters. At the
same time, R’s MAf Tools package was used to analyze differences between
the TMB, MSI, CSC Score, and the two risk groups in the MAF format.

Construction and validation of a nomogram for predicting
survival outcomes

A nomogram was established using R packages, such as survival
and rms to demonstrate the prognostic effect of different clinical
characteristics including age, sex, T stage, N stage, and risk group.
Survival analysis was used to compare the OS of KIRC patients in the
high-and low-risk groups, and receiver operating characteristic (ROC)
curves were used to investigate the accuracy of the model prediction.

Predicting immunotherapy response in different risk score
groups

We used the tumor immune dysfunction and exclusion (TIDE)
algorithm and immunophenotype score (IPS) in patients with
KIRC to predict the immune response of the risk score. To predict
chemotherapy and target therapy responsiveness in the different risk
score groups, we assessed the semi-inhibitory concentration (IC50)
value of KIRC samples against chemotherapy and target therapy drugs
using the pRRophetic package in R.

Statistical analysis

R software (version 4.1.10) and its relevant packages are applied to
process, analyze and present the data. A two-sided P <0.05 was deemed

valuable. p<0.0001****,p<0.001***,p<0.01**,p<0.05 *,p>0.05 ns(not
significant).

Results

Identifying DEGs, genetic and CNV mutations of AAGs in
patients with KIRC

First, we investigated the expression of 36 AAGs in KIRC and
normal tissues, and identified 15 DEGs (Figure 1A). Interestingly, we
found that most DEGs were upregulated in KIRC. After constructing
the PPI network of DEGs using the STRING (https://cn.string-db.
org/) website, four hub genes (VEGFA, TIMP1, VCAN, and POSTN)
were obtained from cross analysis (Figure 1B). Next, we analyzed the
mutations and copy number variants (CNVs) in 36 AAGs. Mutations
were found in 16 of the 36 (44.44%) AAG gene present in 29 (8.73%)
KIRC samples (Figure 1C). TEMP1, SERPINA5, and JAG2 had the
highest numbers of mutations. Figure 1D and 1E show CNV alterations
in the 36 AAGs and alteration positions of 36 AAGs on chromosomes.

Clustering KIRC samples

The clinical information of the 536 patients with KIRC (Figure S2)
was explored in this study. The results of the univariate Cox regression
analysis of the 36 AAGs are shown in Figure S3. The correlation
networks among the 36 AAG interactions, as well as their prognostic
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Figure 1: The expression levels and genetic and CNV mutations of AAGs in KIRC.
(A) Differentiation of AAG expression in normal and tumor tissues. (B) The PPI
network among 15 differentially expressed AAGs. (C) Mutations in 36 AAGs. (D)
CNV alterations among AAGs. (E) The site of CNV alterations of 36 AAGs on
chromosomes. (p< 0.05 *; p< 0.01 **; p< 0.001 ***).
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Figure S2: Identifying representative candidate prognostic genes. (A-B) The LASSO regression analysis and partial likelihood deviance on the prognostic genes. (C) The
results of multivariate cox regression analysis for prognostic genes.
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Figure S3: Validation of AAG_score in test cohort. (A) KM analysis of the OS between the two groups. (B) ROC curves to predict the sensitivity and specificity of 1-, 3-,
and 5-year survival according to the AAG_score. (C) The PCA analysis demonstrated that the patients in the different risk groups were distributed in two directions. (D-E)
The ranked dot plot indicates the AAG_score distribution and scatter plot presenting the patients’ survival status. (F) Expression patterns of 2 selected prognostic genes in
high- and low-risk groups.
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relationship with KIRC samples, are displayed in Figure 2A. A total
of 536 KIRC samples were divided into two clusters (299 samples in
Cluster 1 and 237 samples in Cluster 2) (Figure 2B). The principle
component analysis (PCA) diagram confirmed that the two clusters
were well separated (Figure 2C). The OS time showed significant
differences in the survival of samples from the two clusters (Figure
2D). The differential expression and clinicopathological characteristics
of AAGs in the two clusters are shown in Figure 2E.

Role of AAGs in the TME

GSEA software was used to analyze the different AAG clusters.
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The results indicated that Cluster 1 was significantly enriched in
mucopolysaccharide biosynthesis, sulfur metabolism and other
biological pathways. Alanic acid, retinol, and other metabolic pathways
were mainly enriched in cluster 2 (Figure 3A and Figure S4). Both
clusters were metabolically associated pathways. To further confirm
the correlation between AAG expression and the TME, we analyzed
the proportion of 22 immune cells between the two clusters (Figure
S5). The results of differential analysis showed that a total of 11
immune cells were associated with the expression of AAGs (Figure 3B),
indicating that AAGs may be a potential marker of the immune status
of the TME. Figure 3C-E displays the expression of three important
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Figure 2: Clinicopathological and biological characteristics of the two AAG subgroups. (A) Protein interrelationship between the AAG interactions. (B) ConsensuClusterPlus
was used to divide the sample into two categories. (C) The PCA diagram of the different AAG clusters. (D) Kaplan—Meier curves of the two clusters. (E) Heatmap for the

different AAG clusters and clinical features.
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Characteristics of the TME among different AAG clusters. (A) GSEA of samples with two distinct subgroups. (B) The proportion of 11 TICs in the AAG clusters.

(C-E) Expression levels of PD-1, PD-L1, and CTLA-4 in the AAG clusters. (F) Distribution of the StromalScore, InmuneScore and ESTIMATE score in the AAG clusters.
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Figure S4: Validation of AAG_score in entire cohort. (A) KM analysis of the OS between the two groups. (B) ROC curves to predict the sensitivity and specificity of 1-, 3-,
and 5-year survival according to the AAG_score. (C) The PCA analysis demonstrated that the patients in the different risk groups were distributed in two directions. (D-E)
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immune checkpoint (ICP) genes (PD-1, PD-L1, and CTLA-4) in
the two AAG clusters. As shown in the figure, there were significant
differences in the expression of PD-L1 and CTLA4 genes in the two
AAG clusters. A higher ImmuneScore or StromalScore indicated more
immune or stromal components in the TME. The ESTIMATE score
is the sum of the ImmuneScore and StromalScore and indicates the
comprehensive proportion of the two components in the TME. These
scores were significantly different between the two AAG clusters, and
the patients in cluster 1 had higher TME scores (Figure 3F). These
results suggest that the ratio of immune to stromal components is
related to angiogenesis progression.

Gene clusters were identified based on DEGs between the two
AAG clusters

We identified 613 differentially expressed genes (DEGs) between
the two AAG clusters. The enrichment analysis results of GO and
KEGG are listed in Figures S6 and S7, respectively DEGs were mainly
enriched in some immune-related GO items (Figure 4A). KEGG
enrichment analysis showed that the differentially expressed genes were
involved in mineral absorption, protein digestion, and absorption-
related pathways (Figure 4B). These results suggested that angiogenesis
is highly related to tumor immunity and metabolism, and we further
selected 82 genes from 613 DEGs to satisfy | logFC | > 2 and FDR < 0.05.
We clustered 536 KIRC samples and obtained two gene clusters, with
290 samples in Gene Cluster 1 and 246 samples in Gene Cluster 2. The
OS of patients with Gene Cluster 1 was significantly lower than that of
patients with Gene Cluster 2 (Figure 4C), suggesting that Gene Cluster
1 is not conducive to the prognosis of patients with KIRC. Figure 4D
displays the Gene Cluster correlation with the clinicopathological
staging characteristics of patients with KIRC and indicates that gene
cluster 2 was related to T classification. Twenty-three of the 36 AAG
genes were significantly different between the two gene clusters (Figure
4E).

The establishment and application of a nomogram model
based on the AAG score for the prognosis of KIRC

We randomly assigned 536 KIRC samples to the training and
test cohorts, with 268 samples in each group at a ratio of 1: 1.
Univariate Cox regression (UniCox) was performed for 82 DEGs in
the training set. Significant genes were analyzed by Least absolute
shrinkage and selection operator (LASSO) regression to determine
the optimal gene set Using LASSO Cox regression model coefficients
(B), and linear combinations of regression coefficients were obtained
to the AAG score as follows: AAG_score=(0.089xexpression of
COL22A1)+(0.1380xexpression of SLC38A5)+(0.116xexpression of
G6PC). Figure S2 shows the details of this model. As shown in Figure
5A, AAG Cluster 1 roughly corresponded to Gene Cluster 2, which
was a high-risk group divided by the AAG score of 218 samples in
the training set. We found that AAG_score was significantly different
between the two AAG clusters (Figure 5B) and between the two gene
clusters (Figure 5C). Survival analysis revealed that the OS of the high-
risk group was significantly shorter than that of the low-risk group
(Figure 5D). ROC analysis showed that the AUC of survival was
0.774 for 1-year survival, 0.68 for 2-year survival, and 0.7 for 3-year
survival was predicted by the AAG score (Figure 5E). PCA revealed
that the high-risk group could be clearly distinguished from the low-
risk group (Figure 5F). The risk plot of the AAG_score indicated that
as the risk score increased, the survival time decreased and mortality
increased (Figure 5G-H). A heatmap of the expression of these three
genes is shown in Figure 5I. The expression levels of these three genes
were significantly different between the two risk groups. To evaluate
the reliability of the model, we validated it on the training and test sets
(Figure S3 and S4). We also performed survival analysis and PCA to
predict 1-year, 3-year and 5-year survival rates. It can be seen from the
results that the AAG_score has a good AUC value. Indicated a good
prognostic effect for both datasets.
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Figure 4: Enrichment analysis of GO and KEGG pathways, Venn diagram and heatmap. (A, B) GO and KEGG enrichment analyses for 613 DEGs. (C) Survival analysis
of KIRC patients with different gene clusters. (D) Correlation of the two gene clusters with the clinicopathological characteristics of KIRC patients. (E) AAG expression in

the two gene clusters. (p < 0.01 **; p < 0.001 ***).

Establishment of a predictive nomogram including the risk
score

In this study, we established a nomogram prediction model based
on clinical characteristics and risk factors (Figure 6A). The calibration
curves for the prediction of OS in the model and validation sets showed
a high agreement (Figure 6B). In addition, we used the AUC values
of clinical features to predict OS (1, 2, and 3 years) (Figure 6C-E),
and the results indicated that the nomogram had the best prognostic
performance (the AUC was higher than that of other clinical features).
The nomogram comprehensively considers all clinical factors and

AAG scores mentioned above. We also found that the more nomogram
factors included in the prognostic model, the greater the net benefits
the model would have compared to each factor alone (Figures 6F-H).

Correlation of the AAG score with the immune infiltration
level

As depicted in Figure 7A, the scatter plot shows a correlation
between the 14 tumor-infiltrating immune cells (TICs) ratios and
the AAG score. The infiltration levels of naive B cells, plasma cells,
activated memory CD4 T cells, and regulatory T cells (Tregs) were
positively correlated with AAG expression, whereas most of them,
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Figure 7: Correlations of TIC proportions with the risk score. (A) Pearson correlation analysis between the proportion of TICs and the risk score. (B) Correlation of the
ImmuneScore, StromalScore, ESTIMATE score with the risk score. (C) Heatmap of immune cells and selected gene interactions. (D) The expression of 24 ICP markers in

the different risk groups. (p<0.05 *; p<0.01 **; p<0.001 ***).

such as resting memory CD4+ T cells, resting NK cells, monocytes, M1
macrophages, resting dendritic cells, resting mast cells and eosinophils,
were significantly negatively correlated with KIRC. These results
further confirmed that the level of AAGs affects the Immune activity
of the TME and AAGs may be potential markers of the immune status
of TME. We also found that the high AAGscore group had the highest
StromalScore, ImmuneScore, and ESTIMATE scores (Figure 7B),
indicating that AAGs play a substantial role in regulating the TME
status during KIRC progression. In our model, most immune cells
were significantly correlated with three genes (G6PC, COL22A1, and

SLC38A5) (Figure 7C). Finally, we assessed the expression differences
of 24 immune checkpoint (ICP)-related genes in the different risk
groups and found that most genes significant differences (Figure 7D).

TMB, MSI, and CSC scores in the different risk score groups

Our study demonstrated that the high-risk group had higher TMB
than the low-risk group (Figure 8A). However, the positive correlation
between the AAG score and TMB was not significant (Figure 8B).
Median TMB value in KIRC sample was used as a cutoff to divide the
KIRC sample into H-TMB and L-TMB groups, and survival analysis

Cell Mol Biol, an open access journal
ISSN: 1165-158X

Volume 70 « Issue 1 » 1000303



Citation: Maimaitiming A, Dong X, Zhang R, Aimudula A (2024) Comprehensive Analysis Prediction Prognosis and Immune Therapy Value of
Angiogenesis-Associated Genes in Kidney Renal Clear Cell Carcinoma. Cell Mol Biol, 69: 303.

Page 13 of 17

Risk & high & low R=01 p=0067
12 o
1
c 9
e -
2 H
K
c §h
3
g g i
g ™
=
9]
£
R
. .'
.
0 - 3

surviva analysis
100
0
3
2
3
& 8]
2
genectusier ¢
i @
2 [F5 | Swna
=008 ! =L
X
} e 2000 ED w0
overal survivl
Nurnber at risk
wnief 171 L] » n ?
vl 15 L4 ] [ 1
[] o) 00 £ o)
overal suvivel

= e

Survivat probabiity

= meha
= LesRa
= Lneehs

Percent weight

0%

Elemss

g
|

100%
6 2
- .
1
Ms|
50% W vss
5 ' B vs
0
L1 '
25%
i o £ ™ [
overal sunival
Numberat it ¥
N s
L) 10 ) :
rig

Alteed n 126 82.15%) of 153 samples.

MS| = MSI 2 MSS

Risk Score

RiskScore MSI MSS

Atered in 143 (34.09%)of 176 samples.

R--011 p=0012

Figure 8: Correlation between the risk score and TMB, MSI, and CSC score. (A) Distribution of the TMB in the different risk groups. (B)Correlation analysis between the
gene cluster and TMB. © Survival of KIRC patients in the low-and high-TMB groups. (D) Kaplan—Meier curves for OS in the different TMB groups and risk groups. (E, F)
Relationships between the risk score and MSI. (G) Correlation between the AAG score and TMB. (H, 1) Mutation incidences in the risk score groups.

found that the OS of the low-TMB group was higher than that of
the high-TMB group (Figure 8C). Furthermore, by combining the
AAG_ score and TMB, we divided the samples into four groups, and
performed a survival analysis indicated that the OS of the L-TMB+L-
risk group was superior to that of the H-TMB+H-risk group (Figure
8D). No correlation was found between AAG_score and microsatellite
instability (MSI) status in the KIRC samples (Figure 8E-F), which
may explain why renal cancer was not significantly related to MSI. In
general, there is a high correlation between MSI and colorectal, breast,
and gastric cancers. Figure 8G displays the correlation between the
AAG score and tumor xerogenesis. There was a significant negative
correlation between AAG_score and cancer stem cells (CSCs),
indicating that renal cancer cells with a lower AAG_score further
promote self-renewal and vasculogenic mimicry formation. Finally, we
studied the distribution of somatic mutations in the two risk groups

(Figure 8H-I). The highest number of mutations in VHL, PBRM1,
TTN and SETD2 was found in the two groups, among which VHL and
PBRM1 had more mutations in the low-risk group.

Drug sensitivity analysis

The distribution of different immunophenotype scores (IPSs)
in the different risk groups is displayed in Figure 9A-D, and the
results indicated that the IPSs in the low-risk group were higher than
those in the high-risk group, indicating that patients in the low-risk
group were more likely to be treated with anti-immune checkpoint
therapy. The distribution of TIDE scores in the high-and low-risk
groups is displayed in Figure 9E-F. The high-risk group had higher
dysfunction and exclusion scores than the low-risk group did. Finally,
we predicted the IC50 value of KIRC samples for 138 drugs to compare
the sensitivity of different risk groups to these drugs (Figure 9G-L).
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The results indicated that sensitivity to most chemotherapy drugs,
including docetaxel, gefitinib, gemcitabine, and paclitaxel, and targeted
therapy drugs, including pazopanib, sunitinib, nilotinib, vorinostat,
temsirolimus, bosutinib and tipifarnib, were superior in patients with
high AAG scores.

Discussion

Angiogenesis is a critical process in the progression of malignant
tumors and is one of the hallmarks of cancer development. Under
normal physiological conditions, when an organism is mature, the
vascular system remains in a stationary phase for along time. As tumors
continue to grow, the demand for oxygen and nutrients gradually
increases, and angiogenesis satisfies the metabolic demands of tumor
cells. Several independent research groups have found that angiogenesis
is significantly upregulated in most cancers. Dhar et al. [27] found
that angiogenesis was significantly increased in differentiated thyroid
carcinoma and that DFS was significantly shorter (P<0.05) in patients
with hyper vascular tumors. Mohammed et al [28] indicated that a high
level of angiogenesis is closely related to the metastasis and recurrence
of colorectal cancer, as well as a high mortality. Those evidence
demonstrates that angiogenesis is correlated with tumor growth and
progression. As a solid tumor, high vascularization is one of the most
marked characteristics of KIRC, and with the development of KIRC,
the expression of VEGF and PDGF increases [29]. Therefore the
inhibition of angiogenesis has proven to be an effective and promising
treatment option for advanced KIRC. This evidence has demonstrated
that angiogenesis is correlated with tumor development and therapy.
At present, the study of AAGs has become a research hotspot because
of its important significance in the treatment and prognosis of many
tumors, which has attracted the attention of many researchers.

However, these studies were limited to single AAGs, and the holistic
impact of AAGs on KIRC remains unknown. Therefore, it is necessary
to explore the integral controlled action of AAGs in KIRC.

In our research, we studied the transcriptional expression,
mutations and CNV alterations in AAGs. We obtained 15 differentially
expressed AAGs, and most DEGs were upregulated in KIRC. Evident
of CNV alterations and the highest mutation incidence of AAGs imply
that, as oncogenes, these genes drive the evolution of tumorigenesis,
and the TCGA_KIRC dataset was divided into AAG Cluster 1 and
AAG Cluster 2. Comparing the OS between the two subgroups,
Kaplan-Meier analysis results showed that the OS of patients with low
AAGs_scores was better than that of patients with high AAGs_scores,
and a high AAG_score was associated with poor prognosis, indicating
that AAG_scores had a superior predictive performance. The GSEA
findings demonstrated a close relationship between AAGs and
metabolism-associated pathways. As a metabolic disease, mutations
in key genes involved in the development of KIRC, such as VHL and
MET, are closely related to metabolic pathways and reprogramming of
metabolic networks. These results confirmed that AAGs can regulate
the metabolism-related activities of RCC through different pathways.

Recent studies have confirmed the promising efficacy of ICIs in the
treatment of KIRC. However, only some patients benefit from ICIs.
One of the reasons may be the existence of an immunosuppressive
tumor microenvironment (TME) in RCC. Studies have shown that
the TME in KIRC is widespread compared with that in other solid
tumors. Such abnormal pathologic vessel formation in the tumor with
flexion, disorder, and high leakage can create an immunosuppressive
state of hypoxia, acidosis and elevated interstitial pressure in the TME
[30]. Evidence indicates that pro-angiogenic factors are involved in
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immunosuppressive activity [31], and inhibition of abnormal blood
vessel formation can reverse this immunosuppressive state and enhance
the efficacy of immunotherapy. Immunoinvasiveness and highly
vascularized characteristics, which are the basis for immunotherapy
in RCC, also have a substantial impact on the treatment response of
patients through complex effects. Therefore, our study further explored
the relationship between AAGs and the TME and aimed to provide a
theoretical basis for the combination of immunotherapy and targeted
therapy. CTLA4, PD-1 and its death-ligand 1 (PD-L1), as targets of
immune checkpointinhibitors, have made breakthrough progress in the
treatment of a variety of advanced tumors, bringing survival benefits to
patients; however the clinical treatment response of different patients
is variable. This study showed that the AAG score was not related
to PD-1 expression in KIRC but was related to PD-L1 and CTLA4
expression. The results indicated that the TME is involved in many
important biological processes and that the AAG_score can accurately
predict the immunotherapeutic effect of KIRC. The ImmuneScore and
StromalScore assessed using the ESTIMATE method can be used to
predict tumor purity and describe the proportion of immune cells and
stromal cells. Our study demonstrated that the high AAG_score group
had higher immune and stromal Scores, suggesting that angiogenesis
could be associated with immune cell infiltration and that the stromal
cell content affected KIRC invasion and migration to a certain
extent. The TME includes a large number of immune cells and can
be further divided into killer cells, which are related to tumor killing,
and immunosuppressive cells, which are related to tumor evasion
from immune surveillance. Immunosuppressive cells include tumor-
associated macrophages (TAMs), myeloid-derived suppressor cells
(MDSCs) and regulatory T-cells (Tregs). Tregs also play an important
role in tumor evasion by suppressing the activity of immune killer cells
by secreting TGF-P and IL-10, and reducing the activation of effector T
cells by downregulating the expression of dendritic cell costimulatory
molecules. Tregs are also associated with poor survival [32]. This study
demonstrated that patients with high AAG scores had abundant Tregs.
In addition, the previous results showed that high AAGs were associated
with poor survival, which is consistent with our findings. Therefore,
the combination of antiangiogenesis and immunotherapy should
theoretically have a synergistic antitumor effect. This study further
investigated the relationship between the AAG score and response to
immunotherapy and targeted therapy. An increased mutation rate is a
distinctive feature of cancers. Accumulation of gene mutations leads to
carcinogenesis. As TMB has gradually been developed as a biomarker
for predicting ICI efficacy, numerous studies have described changes
in TMB levels in different tumor types and histology. In a study by
Chalmers et al. [33], TMB levels varied widely among tumors, with
melanoma having the highest TMB levels, whereas leukemia and
childhood tumors had the lowest TMB levels, and cancers such as breast
and ovarian cancer showed moderate TMB levels. In previous studies,
higher TMB levels were associated with poor outcomes in patients,
and low TMB levels of may be better for the prognosis of patients [34-
40]. Tt is generally believed that immune infiltration caused by tumor
antigens generated by tumor-specific mutations is a prerequisite for
ICI function. The TMB of RCC was moderate to low. Many studies
have indicated that TMB in RCC alone cannot be used as a predictor of
ICI drug response [41,42]. Carcinogenesis, caused by gene mutations,
is associated with angiogenesis. Therefore, exploring the correlation
between the AAG score and gene mutations in RCC is helpful in
revealing the mechanism of ICI therapy and evaluating its important
efficacy value. Our results showed that patients with lower TMB have
favorable outcomes. Although there was no significant difference, there
was a positive association trend between the AAG score and TMB. We
performed survival analysis of KIRC with the combined TMB and

AAG scores and found that the low AAG score+low TMB group had
better OS than the high AAG score+high TMB group, suggesting that
the AAG score combined with TMB effectively predicts responsiveness
to immunotherapy.

The extensive immune infiltration, abnormal vascularization and
highly fibrotic TME in RCC provide the material basis for tumor cell
proliferation and metastasis and limit the immune surveillance of
tumor killer cells, finally leading to immunotherapy drug resistance.
By reducing the permeability of tumor blood vessels to reduce vascular
pressure, improve tissue hypoxia, induce vascular normalization and
inhibit the formation of abnormal blood vessels, the state of immune
suppression can be reversed [43] and the efficacy of immunotherapy is
enhanced. In contrast, ICIs can activate CD4+T lymphocytes, CD8+T
lymphocytes, and Th1 cells, which secrete antitumor cytokines, such
as interferon y (IFN-y) and tumor necrosis factor (TNF), to regulate
the immune microenvironment and play a role in anti-abnormal
angiogenesis and the promotion of vascular normalization [44,45].
At present, there is still a lack of effective predictors of ICI efficacy
in KIRC. Most patients with KIRC either had no initial response to
antiangiogenic therapy and ICIs (primary resistance) or were in relapse
after a period of treatment (acquired resistance). Investigating the
sensitivity of different AAG_score groups to chemotherapy and target
drugs helps to identify biomarkers that could predict the response,
so that it could be used only in patients who would benefit from it.
The TIDE score showed that patients with low-AAG scores had low
dysfunction and ESTIMATE scores and high IPSs, suggesting that
patients with low-AAG scores could present better efficacy after ICI
treatment, thus obtaining a greater survival benefit.

This study also has some limitations: (1) This study is a single-
center retrospective study, and there is a certain selection bias in the
study subjects, which may mean that the results are not universally
applicable.(2)The sample size included in this study was not large
enough. (3) This study lacks external verification and needs to be
continuously improved in future clinical study. On the whole, as
a clinical prognostic signature, AAGs exhibit a higher predictive
accuracy and provide more comprehensive and useful suggestions for
the development of personalized therapies for patients with KIRC.
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