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Abstract: Background: ETS1, a member of the large ETS domain family of transcription factors, plays a role in the
progression of many types of carcinoma. ETS1 expression has been linked to a more favorable prognosis in renal
cell carcinoma. The objective of this study was to assess the predictive significance of ETS1 in individuals suffering
from clear cell renal cell carcinoma (ccRCC). Methods: The correlation between ETS1 expression and ccRCC was
analyzed. Data on ETS1 and clinical information for ccRCC patients were obtained from the Cancer Genome Atlas
database and analyzed using R software. Then, we presented validation results using RT-qPCR (quantitative reverse
transcription PCR). The receiver operator characteristic (ROC) curves were generated using the pROC software
package to determine the cutoff values for ETS1. Additionally, the ImmuneScore, StromalScore, and ESTIMATEScore
were calculated using the ESTIMATES algorithm. The connection between ccRCC and ETS1 was investigated us-
ing enrichment analysis based on Gene Oncology and the Kyoto Encyclopedia of Genes and Genomes. The tumor
immunity estimation resource (TIMER) and the integrated repository portal for tumor-immune system interactions
(TISIDB) databases were utilized to analyze the association between ETS1 expression and immune cell infiltration
in ccRCC. The impact of ETS1 on the survival of ccRCC patients was evaluated using the PrognoScan database. We
evaluated the Tumor Mutation Burden (TMB) value between the two sets of samples with high and low ETS1 expres-
sion, as well as the differences in gene mutations between the two groups. Results: The mRNA expression of ETS1 in
ccRCC was higher compared to normal tissues. Results showed a significant positive correlation between elevated
ETS1 expression levels and improved overall survival (OS), disease-specific survival (DSS), and progression-free
survival (PFS), with a P < 0.05. Furthermore, high ETS1 expression levels were closely linked to early tumor stage
and prolonged survival time. TMB in the ETS1-high expression group was significantly less than that in the ETS1-low
expression group. Conclusions: Downregulation of ETS1 expression correlated with poor prognosis and immune
infiltration in ccRCC, further suggesting that ETS1 may be a biomarker for better prognosis in ccRCC patients.
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Introduction

According to cancer statistics, renal cell carci-
noma (RCC) is a frequently diagnosed solid
malignancy [1]. Clear cell renal cell carcinoma
(ccRCC) is the most common subtype of RCC,
accounting for up to 80% of all primary kidney
tumors [2]. Although surgical intervention
remains the primary treatment modality for
RCC, the 5-year survival rate of RCC patients is
approximately 55%, with 20% to 30% of cases
developing metastatic cancer after surgery [3,
4]. Furthermore, the biologic behavior of RCC
varies widely, ranging from indolent to highly
aggressive, resulting in variable therapeutic
outcomes [5]. Consequently, there is an urgent

need to comprehend RCC tumor biology and
investigate prognostic biomarkers for these
patients.

ETS 1 is the ancestor of the large family of ETS
transcription factors, whose members possess
a distinct DNA binding domain [6, 7]. ETS1 is
primarily known as a transcriptional activator
and is a 54 kDa nuclear protein, though it is
also capable of repressing gene transcription
[8, 9l. Its vital roles in immunity and pro-angio-
genesis have been well established [10-12]. For
example, the silencing of EST1 restrained hepa-
tocellular carcinoma (HCC) cell proliferation,
invasion and migration, and induced cell apop-
tosis. The development of HCC may be delayed
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by down-regulating EST1 [12]. However, ETS1 is
frequently overexpressed in human cancers
and implicated in the MAPK signaling pathway,
leading to its characterization as an oncogenic
factor [13]. Nevertheless, recent research has
demonstrated that ETS1 has a tumor-suppress-
ing function by selectively binding to wild-type
p53 and enhancing its tumor-suppressive role
[14]. Moreover, a previous study reported that
ETS1 was a significant transcriptional repres-
sor of the A3A promoter, indicating that it may
have a tumor-suppressing function in ccRCC
[15].

ETS1 was identified as a direct downstream
target of miR-766 in cells, and these findings
indicate that miR-766 may hinder the progres-
sion of ccRCC by directly regulating ETS1 [16].
The expression patterns of miR-766 vary among
different types of human cancer, and prior
research has shown that miR-766 is significant-
ly under-expressed in ccRCC cell lines. The
decreased levels of miR-766 expression are
linked to the clinical stage of ccRCC, and
patients with ccRCC and low miR-766 levels
have a poorer prognosis compared to those
with high miR-766 levels [17]. Despite this, the
comprehensive role of ETS1 in ccRCC remains
elusive. Thus, we conducted an investigation
into the prognostic role of ETS1 in ccRCC and
its association with immunity using data mining
from The Cancer Genome Atlas database
(TCGA).

Methods
Data acquisition and processing

We downloaded data from the official website
of TCGA (https://portal.gdc.cancer.gov/) for
several cancers, including ccRCC ETS1 tran-
scriptome data and related clinical information
[18]. For each of the 30 cancers analyzed, the
normal group consisted of at least five sam-
ples. The FPKM-formatted data were initially
converted to TPM and log, formats for subse-
quent analysis. We ultimately retained RNA-seq
data from 539 ccRCC and 72 adjacent normal
tissues, all of which included ETS1 gene expres-
sion data and related clinical information such
as age, sex, clinical stage, and survival status.

Expression analysis of ETS1

MRNA expression data were reported as mean
+ SD. We performed statistical analysis using R
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software (v4.2.2) (https://www.r-project.org/)
and utilized the ggplot2 package to visualize
the differences. We evaluated the distinctions
between ccRCC and adjacent normal tissues by
conducting the paired t and Mann-Whitney U
tests. We generated a ROC curve using the
pROC software package to determine the cut-
off for ETS1 [19]. In this study, UALCAN (http://
ualcan.path.uab.edu/) was used to compre-
hensively analyze ETS1 protein expression [20].

Immunohistochemical staining in HPA data-
base, total protein, or phosphoprotein expres-
sion by CPTAC analysis

The Human Protein Atlas (HPA, http://www.pro
teinatlas.org/) online database was explored
to validate the ETS1 protein expression in
ccRCC by immunohistochemical staining [21].
We also utilized the UALCAN database (http://
ualcan.path.uab.edu/analysis-prot.html) to val-
idate the ETS1 total protein expression between
the primary ccRCC tumor and normal tissues
by CPTAC analysis [22]. Moreover, ETS1 pro-
teins with phosphorylation sites at the S26 and
S251 were also explored to detect differences
between the primary tumor and normal tissues
[23].

Univariate/multivariate Cox hazard regression
analyses and nomogram construction

We performed univariate/multivariate Cox haz-
ard regression using R (version 4.2.2; https://
www.r-project.org/) to analyze the independent
prognostic factors and clinical characteristics
of ccRCC, including age, grade, stage, sex, race,
and treatment outcome. To predict the OS prob-
ability, we utilized the ‘RMS’ and ‘Survival ROC’
packages in R to generate a nomogram, and
calculated the area under the curve (AUC) to
assess the individual predictors’ performance
in predicting survival. We evaluated the con-
structed nomogram’s performance through
calibration curves and C-indices.

Gene set enrichment analysis (GSEA) and
protein-protein interaction and enrichment
analysis of ETS1

In order to identify ETS1-related signaling path-
ways, GSEA was performed to figure out the
gene sets displayed statistically significant dif-
ferences among high-ETS1 groups and low-
ETS1 groups, with the consideration of the nor-
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malized enrichment score (NES) > 1.5 and
nominal P-value < 0.05 as the threshold [24].
Each analysis includes at least 1000 times per-
mutation tests to discover significant critical
biologic pathways. A protein-protein interaction
(PPI) network was constructed using the public
database STRING (http://string-db.org) to re-
trieve the co-expressed genes. Functionally
condensed analyses of co-expressed genes
were performed using the “Cluster Profiler” R
package and visualized using the “ggplot2” R
package in Gene Ontology and the Kyoto
Encyclopedia of Genes and Genomes [25, 26].

Tumor microenvironment, tumor immune in-
filtration, immune checkpoint molecules, and
immune cell pathways

Based on the TIMER database, the relationship
between ETS1 expression in ccRCC and six
types of immune-infiltrating cells, including B
cells, CD4+ T cells, CD8+ T cells, neutrophils,
macrophages, and dendritic cells, was ana-
lyzed. TISIDB (http://cis.hku.hk/TISIDB/) was
used to explore ETS1 expression in tumor tis-
sues and tumor-infiltrating lymphocytes (TILs)
[27]. Following the gene expression profile anal-
ysis, we employed gene set variation analysis
to assess the TILs' relative abundance. We
used Spearman’s test to investigate the corre-
lation between ETS1 and TILs. The expression
matrix of ETS1 was utilized to compute the
ImmuneScore, StromalScore, and ESTIMATES-
core through the ESTIMATES algorithm, with a
cut-off value of P < 0.001 [28]. We also calcu-
lated immune cell infiltration in ccRCC using
CIBERSORT with P < 0.001 as the cutoff value
[29]. We conducted these analyses using the
‘limma’ R package and visualized this using
the ‘reshape2’ and ‘RColorBrewer’ R packages.
The aforementioned analyses were performed
using the Sangerbox tools (http://www.sanger-
box.com/tool).

Tumor mutational burden

We obtained mutation data of ETS1 from the
cBioPortal web platform (https://www.cbiopor-
tal.org/). Using a z-score threshold of + 1.5, we
explored the genomic profiles of ETS1 and cal-
culated the TMB as the number of tumor muta-
tions per Mb in each sample, with a TMB
threshold of 10 mut/Mb. We then analyzed the
relationship between ETS1 expression and
TMB. Furthermore, we compared the TMB val-
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ues of the two groups, with high or low expres-
sion of ETS1, and conducted further analysis to
determine the differences in gene mutations
between the two groups of samples.

Verification of ETS1 by RT-qPCR

Ten pairs of clinical ccRCC samples and adja-
cent kidney tissues frozen in liquid nitrogen
were obtained from primary ccRCC patients
undergoing radical nephrectomy at the Depart-
ment of Urology, The First Affiliated Hospital of
Guangzhou University of Chinese Medicine.
According to the manufacturer’s instructions,
total RNA was extracted using TRIzol reagent
(Invitrogen, Waltham, MA, USA), cDNA was
synthesized and the gRT-PCR was performed
and calculated by means of 222¢t methods.
GAPDH served as an internal standard control
for mRNA expression. Related primers were
as follows: ETS1, Gene ID: NM_005238.4, F:
5-GAAGAGTGGTGGGTGGTTTAT-3, R: 5-CAGAT-
TTGCCCATCCTTCCT-3’; GAPDH, Gene ID: NM_
001256799.3, F: 5'-CAAGAGCACAAGAGGAAG-
AGAG-3’, R: 5-CTACATGGCAACTGTGAGGAG-3'.
This study was approved by the Institutional
Research Ethics Committees of The First
Affiliated Hospital of Guangzhou University of
Chinese Medicine.

Results
Relative expression level of ETS1 in ccRCC

To accurately evaluate the expression of ETS1
mRNA in different tumors, we excluded datas-
ets containing less than five samples in the
normal group from the analysis. We obtained
the expression levels of ETS1 mRNA in 33 dif-
ferent carcinomas from TCGA, as shown in
Figure 1A. These data demonstrate the aber-
rant expression of ETS1 mRNA in various can-
cer types. The boxplot analysis of the TCGA
ccRCC dataset revealed a significantly higher
expression of ETS1 in ccRCC tumors when
compared to normal kidney tissues (P < 0.001,
Normal = 72 and Tumor = 539, Figure 1B). We
obtained the same results from pairwise box-
plot analysis (P < 0.001, Normal = 72 and
Tumor = 72, Figure 1C). Furthermore, immuno-
histochemical staining of HPA demonstrated
an up-regulation of ETS1 protein expression in
ccRCC tissues (Figure 1D). These results indi-
cate an up-regulation of both ETS1 mRNA and
protein expression in ccRCC tissue.
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Figure 1. Relative expression level of ETS1 in ccRCC from TCGA and HPA database. A. Relative ETS1 mRNA expres-
sion levels in pan-cancers from TCGA database; B. Boxplot of ETS1 expression comparing ccRCC and normal tissues
in the TCGA dataset (Normal = 72 and Tumor = 539); C. Pairwise boxplot of ETS1 expression between the ccRCC
and normal tissues in TCGA dataset (Normal = 72 and Tumor = 72); D. Immunohistochemical staining (x200) from
the HPA database for ETS1 (Antibody: CABO02575; normal tissue: male, age 28, kidney; tumor tissue: female, age
52, kidney). BRCA, breast invasive carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA,
esophageal carcinoma; GBM, glioblastoma mutiforme; HNSC, head and neck squamous cell carcinoma; KICH,
kidney chromophobe; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; LIHC,
liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PRAD, prostate
adenocarcinoma; PCPG, pheochromocytoma and paraganglioma; READ, rectum adenocarcinoma; STAD, stomach
adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma; USC, uterine serous car-
cinoma; UVM, uveal melanoma.
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Figure 2. RT-gPCR analysis of ETS1 mRNA expres-
sion in 10 pairs of ccRCC tissues and paired adja-
cent tissues. ccRCC, Clear cell renal cell carcinoma.

Verification of ETS1 by RT-PCR

We utilized gRT-PCR to validate that ETS1
MRNA expression mRNA in 10 pairs of ccRCC
tissues was higher than that in adjacent tis-
sues (P < 0.001, Figure 2).

Total protein or phosphoprotein expression of
ETS1 in ccRCC by CPTAC analysis

We validated the expression of total protein
and phosphoprotein of ETS1 through CPTAC
analysis using the UALCAN website. The results
showed that the total protein of ETS1 was
significantly overexpressed in primary ccRCC
tumors compared to normal Kidney tissues
(P <0.001), as illustrated in Figure 3A. The dis-
tribution of ETS1 total protein expression in dif-
ferent grades or stages was shown in Figure
3B, 3C, respectively. With regards to the phos-
phorylation sites at S26, ETS1 phosphoprotein
expression was significantly higher in primary
c¢cRCC tumors than in normal kidney tissues,
except for S251 (P < 0.05, Figure 3D, 3E).

Relationships between ETS1 mRNA levels and
clinicopathologic characteristics of ccRCC pa-
tients

ROC curve analysis showed that the AUC value
of ETS1 was 0.843 (95% CI: 0.810-0.876)
(Figure 4A). When the cut-off value was 4.861,
the sensitivity, specificity, and accuracy of ETS1
were 89.9%, 75.9%, and 64.87%, respectively.
The positive and negative predictive values
were 33.0% and 98.1%, respectively. Our analy-
sis showed that ETS1 is a promising biomarker
for distinguishing ccRCC tissues from normal
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tissues. Kaplan-Meier (K-M) survival analysis
showed that ccRCC patients in the low-ETS1
groups had a decreased OS compared to those
in the high-ETS1 groups (P < 0.001, Figure 4B).

Table 1 presents the baseline characteristics
of ccRCC patients. The relationship between
ETS1 mRNA expression and clinicopathologic
features was analyzed using the Mann-Whitney
U test and logistic regression based on TCGA
data. The results in Table 1 indicate that ETS1
expression level was significantly correlated
with gender (P = 0.009), pathologic stage (P <
0.001), histologic grade (P < 0.001), T stage (P
< 0.001), M stage (P = 0.007), serum calcium
(P = 0.007), 0OS (P < 0.001), disease-free sur-
vival (DFS) (P < 0.001) and progression free
survival (PFS) (P < 0.001). Figure 5A-l shows
that ETS1 expression was higher in patients
with earlier pathologic stage (stages | and Il
versus stages lll and IV) and patients without
lymph node metastases (P < 0.05). Higher
expression levels were significantly correlated
with better OS, DFS, and PFS (P < 0.05). How-
ever, no significant correlation was found be-
tween ETS1 expression level and other clinico-
pathologic features such as N stage and age (P
> 0.05). In conclusion, these results suggest
that ETS1 is highly correlated with earlier tumor
clinical staging and longer survival time, indi-
cating that ETS1 may serve as a biomarker for
better prognosis in ccRCC patients.

Furthermore, Cox univariate and multivariate
survival analyses were conducted to evaluate
the prognostic significance of ETS1 expression
in ccRCC patients. As depicted in Figure 6 and
Table 2, high expression of ETS1 (P < 0.001)
was found to be associated with lower patho-
logic stage (P < 0.001), T stage, and M stage
(P = 0.006), which is consistent with our previ-
ous finding. These findings highlight the use of
ETS1 expression as a valuable tool in guiding
clinical decision-making and assessing treat-
ment efficacy for patients with ccRCC.

Nomogram construction based on ETS1 and
clinicopathologic variables

Based on our nomogram construction, we esti-
mated the survival rates of ccRCC patients at
1, 3, and 5 years, and obtained the total points.
Thus, we concluded that the predictive method
is more intuitive (Figure 7A). The calibration
curves of 1-, 3-, and 5-year survival (Figure
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sion analyses were performed
to explore the correlation be-
tween ETS1 expression and
related genes in ccRCC pati-
ents. As shown in Figure 8B,
8C, ETS1 expression was sig-
nificantly linked to many relat-
ed genes expressions, includ-
ing WWFP1, UBTFL6, APLNR,
SH2B3, and GIMAPS. To iden-
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Figure 4. Differential expression and prognostic survival value of ETS1. A.
ROC curves and their area under the curve (AUC) for ETS1; B. K-M survival

analysis of ETS1.

7B-D) further showed that our nomogram con-
struction was accurate.

ETS1-related co-expressed genome maps and
functional annotation analyses

PPI networks and functional annotations were
generated using the Gene Ontology string data-
base and the Kyoto Encyclopedia of Genes and
Genomes. Figure 8A depicts the ETS1 network
with ten co-expressed genes. Gene co-expres-
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Time (months)

tify signaling pathways associ-
ated with ETS1, we performed
GSEA between high and low
ETS1 groups, using a nominal
P < 0.05 and a normalized en-
richment score (NES) > 1.5 as
the threshold. As shown in
Figure 8D, we identified two signaling pathways
that were significantly enriched in the high
ETS1 expression phenotype: chemokine signal-
ing pathway, endocytosis, neurotrophin signal-
ing pathway and small cell lung cancer. To
investigate the biologic function of overlapping
genes, GO/KEGG analyses were performed by
Metascape database. As shown in Figure 8E,
BP terms were associated with cell migration,
including “ameboidal-type cell migration”, “epi-

thelium migration”, “tissue migration”, etc. The
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Table 1. Clinical characteristics of ccRCC patients (TCGA)

Characteristic Low expression of ETS1 High expression of ETS1 P

n 269 270

T stage, n (%) <0.001
T1 114 (21.2%) 164 (30.4%)
T2 45 (8.3%) 26 (4.8%)
T3 101 (18.7%) 78 (14.5%)
T4 9 (1.7%) 2 (0.4%)

N stage, n (%) 0.132
NO 126 (49%) 115 (44.7%)
N1 12 (4.7%) 4 (1.6%)

M stage, n (%) 0.007
MO 200 (39.5%) 228 (45.1%)
M1 50 (9.9%) 28 (5.5%)

Pathologic stage, n (%) <0.001
Stage | 110 (20.5%) 162 (30.2%)
Stage Il 35 (6.5%) 24 (4.5%)
Stage Il 68 (12.7%) 55 (10.3%)
Stage IV 54 (10.1%) 28 (5.2%)

Gender, n (%) 0.009
Female 78 (14.5%) 108 (20%)
Male 191 (35.4%) 162 (30.1%)

Age, n (%) 0.093
<60 124 (23%) 145 (26.9%)
> 60 145 (26.9%) 125 (23.2%)

Histologic grade, n (%) <0.001
Gl 4 (0.8%) 10 (1.9%)
G2 93 (17.5%) 142 (26.7%)
G3 120 (22.6%) 87 (16.4%)
G4 46 (8.7%) 29 (5.5%)

Serum calcium, n (%) 0.007
Elevated 7 (1.9%) 3(0.8%)
Low 88 (24%) 115 (31.4%)
Normal 90 (24.6%) 63 (17.2%)

Hemoglobin, n (%) 0.976
Elevated 3(0.7%) 2 (0.4%)
Low 132 (28.8%) 131 (28.5%)
Normal 97 (21.1%) 94 (20.5%)

OS event, n (%) < 0.001
Alive 161 (29.9%) 205 (38%)
Dead 108 (20%) 65 (12.1%)

DSS event, n (%) <0.001
Alive 187 (35.4%) 233 (44.1%)
Dead 77 (14.6%) 31 (5.9%)

PFS event, n (%) <0.001
Alive 167 (31%) 211 (39.1%)
Dead 102 (18.9%) 59 (10.9%)

Age, median (IQR) 62 (53, 71) 59.5 (51, 69) 0.047

0S, overall survival; DSS, disease-specific survival; PFS, progression-free survival.
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Figure 5. Relationships between ETS1 mRNA levels and clinicopathologic characteristics. OS, overall survival; DSS,

disease-specific survival; PFI, progression-free survival.

top 3 CC terms were “apical part of cell”, “colla-
gen-containing extracellular matrix” and “apical
plasma membrane”. The top 3 MF terms were
“passive transmembrane transporter activity”,
“channel activity” and “ion channel activity”.
The top 30 of enriched sets are listed in Figure
8F. An enrichment analysis suggested that
ETS1 and its-related partners were functional
mediators for neuroactive ligand-receptor inter-
action, including PI3K-Akt signaling pathway,
MAPK signaling pathway, Calcium signaling
pathway, Rapl signaling pathway, and cAMP
signaling pathway. These genes are also linked
tothe inflammatory process, including response
to bacteria, tuberculosis, phagocytosis, macro-
phage activation, and endocytosis.
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Analysis of ETS1 and tumor microenviron-
ment, tumor immune infiltration, immune cell
pathway, immune checkpoint molecules, and
tumor mutation burden in ccRCC

We analyzed tumor immune infiltration, immune
cell pathways, and immune checkpoint mole-
cules to explore further any relationship be-
tween ETS1 and immunity (Figure 9). For TIMER
database-related tumor immune infiltration,
high levels of ETS1 were significantly associat-
ed with B cell, CD8+ T Cell, CD4+ T cell, macro-
phage, neutrophil, and dendritic cell (all P <
0.001, Figure 9A). According to the Figure 9B,
9C plot, CD8 T cells, CD4 memory resting T
cells, T cells follicular helper, T cells regulatory
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Figure 6. Cox regression analysis of forest map. A. Cox univariate analysis; B. Cox multivariate analysis.
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Table 2. Cox regression analysis of clinical prognosis

HR (95% Cl) P-value

Characteristic Total (N) — - . - .. - — :
Univariate analysis  Multivariate analysis Univariate analysis Multivariate analysis

T stage 523
T1 175 Reference
T2 282  1.521(1.068-2.166) 1.606 (1.018-2.532) 0.02" 0.042"
13 47 2.937 (1.746-4.941) 2.499 (1.285-4.861) <0.001" 0.007"
T4 19 3.326 (1.751-6.316) 1.486 (0.692-3.194) <0.001" 0.31
N stage 167
N1 94 Reference
N2 71 1.281 (0.848-1.934) 0.239
N3 2 0.000 (0.000-Inf) 0.995
M stage 377
MO 352 Reference
M1 25 2.136 (1.248-3.653) 3.272(1.780-6.014) 0.006" <0.001"
Gender 526
Female 280 Reference
Male 246  1.070 (0.803-1.426) 0.642
Age 516
<65 255 Reference
> 65 261 1.223(0.916-1.635) 0.172
Pathologic stage 518
Stage | 290 Reference
Stage Il 121 2.418(1.691-3.457) 1.798 (1.158-2.791) <0.001" 0.009"
Stage llI 81 3.544 (2.437-5.154) 3.282 (2.054-5.244) <0.001" <0.001"
Stage IV 26 3.790 (2.193-6.548) <0.001"
ETS1 526  1.011(0.855-1.195) 0.9

Cl, confidence interval; HR, hazard ratio. "P < 0.05.

(Tregs), NK cells resting, NK cells activated,
Macrophages MO, Macrophages M1, and rest-
ing Mast cells, the infiltration levels of the
seven kinds of immune cells were significantly
different between the high and low expression
groups (all P < 0.05). Additionally, the TIMER
database-related immune checkpoint analysis
showed that ETS1 was positively correlated
with HAVCR2, CD200R1, and TNFRSF25 ((all R
> 0.2, P < 0.05); see Figure 9D, 9E).

In terms of tumor microenvironment, ETS1
was markedly related to StromalScore and
ESTIMATEScore (both P < 0.05, Figure 10A);
however, it was not linked to ImmuneScore
(P=0.111, Figure 10A). The above results have
confirmed the correlation between the ETS1
gene and stromal cells and immune cells in the
immune microenvironment. The expression or
copy number variation of ETS1 gene will affect
the tumor microenvironment and may play an
important role in the occurrence, development,
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metastasis, and immune response of cancer.
To further investigate the relationship between
ETS1 and TMB, the TMB value of each patient
in TCGA database was calculated, and patients
were assigned to a wild-type group or mutation
group based on gene mutation statuses. As
shown in Figure 10B, patients with higher
expression of ETS1 showed a lower TMB (R =
-0.15, P < 0.05).

Discussion

Numerous investigations have validated that
ETS1 expression is linked to unfavorable prog-
nosis in most carcinomas [30]. Nonetheless,
the operational role of Etsl protein and the
regulatory mechanism for its expression and
stability could diverge depending on the specif-
ic cellular milieu and tumor tissue category
[31]. Herein, we scrutinize the ETS1 expression
in both cancerous and normal tissues of ccRCC
through the use of the TCGA database.
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Generally, heightened ETS1 protein or RNA
expression in cancerous cells of paraffin-
embedded formalin-fixed biopsies has often
been correlated with elevated grading, worse
differentiation, and/or augmented invasive-
ness in various carcinomas, such as breast,
colorectal, endometrial, esophageal, gastric,
hepatocellular, and lung cancer [32, 33]. How-
ever, in the case of ccRCC, ETS1 can be a nota-
ble transcriptional repressor of the A3A pro-
moter, and may serve as a tumor suppressor. In
this study, we have discovered that ETS1 can
be utilized as a biomarker to predict a favorable
prognosis and extended survival period for
ccRCC patients.
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In this study, we investigated the correlation
between ETS1 expression and the survival of
ccRCC patients by performing data mining on
TCGA. Our findings demonstrated that ETS1
exhibited greater expression levels in ccRCC
tumors than in normal kidney tissues, and this
heightened ETS1 expression was associated
with a prolonged OS, DFS, and PFS, as well as
a moderate degree of diagnostic precision.
Moreover, logistic regression analysis revealed
that ETS1 exhibited a significant inverse corre-
lation with pathologic stage, histologic grade, T
stage, and M stage, which are all indicators of
cancer progression. These findings were sup-
ported by the results of univariate/multivariate

Am J Transl Res 2024;16(4):1062-1080
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Cox hazard regression analysis, indicating that
ETS1 could serve as an independent prognos-
tic factor in ccRCC.

To confirm the protein expression of ETS1, a
CPTAC analysis demonstrated that ETS1 had
a higher expression in primary ccRCC tumors
than normal kidney tissues, consistent with its
MRNA expression levels. As protein phosphory-
lation has been shown to play critical roles in
multiple cancers, we also analyzed the expres-
sion of ETS1 phosphoprotein and found that it
was highly expressed in primary ccRCC tumors
compared to normal tissues at the S26 phos-
phorylation sites [34, 35]. A previous study
demonstrated that phosphorylation of ETS1 at
threonine 265 and serine 269 promoted pro-
tein stability, induced the transcriptional activa-
tion of matrix metalloproteinase (MMP)-9, and
increased cell migration [36]. Several research-
ers have used GSEA to identify ETS1-related
signaling pathways [37]. Ultimately, two eligible
signaling pathways, including the Huntington'’s
disease pathway and the ECM (extracellular
matrix)-associated pathway, showed significant
enrichment in the high-ETS1 expression pheno-
type. All of these identified signaling pathways
helped us better understand the pathophysio-
logic mechanisms of ccRCC. In this article,
we created a nomogram that used ETS1 and
six clinical parameters to intuitively estimate
OS probabilities in ccRCC. As a result, the

1076

C-index, 1-, 3-, and 5-year AUCs, and calibration
curves indicated that this nomogram had mod-
erate predictive accuracy and satisfactory
performance.

We delved deeper into the possible correla-
tions between ETS1 and immunity, with a focus
on four areas: tumor microenvironment, tumor
immune infiltration, immune cell pathways, and
immune checkpoint molecules. As prior litera-
ture suggests, both the tumor microenviron-
ment and tumor immune infiltration can impact
the prognosis of ccRCC and its response to
immunotherapy. Additionally, numerous genes
have been found to have significant associa-
tions with immune cell pathways and check-
point molecules [38-40]. As for tumor immune
infiltration, ETS1 was significantly associated
with B Cells, CD8+ T Cells, CD4+ T cells, macro-
phages, neutrophils, and dendritic cell infiltra-
tion. ETS1 has strongly profound effects on B
cells, T cells, and NK cells, each of which has
high levels expression of ETS1 under normal
physiologic conditions [10]. Several T cell lin-
eage issues observed in ETS1 knockout mice
include anomalous thymic differentiation, re-
duced peripheral T cell counts, decreased pro-
duction of IL-2, a shift towards a memory/effec-
tor phenotype, and decreased production of
Th1l and Th2 cytokines [41]. Recently, it was
shown that ETS1 is crucial for maintaining the
expression of CD127 (IL7Ra) in peripheral T
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cells [42]. In addition, ETS1 is also expressed in
CDS8T cells so that mice lacking Ets1 have defi-
ciencies in CD8 T cell development and func-
tion [43, 44].

In relation to the tumor microenvironment,
ETS1 demonstrated significant associations
with the StromalScore and ESTIMATEScore.
Analysis of ETS1 co-expression with immune
checkpoint molecules or immune cell path-
ways revealed significant correlations between
ETS1 and the CD8+ T cellss, neutrophils, den-
dritic cells, natural killer T cells, and CD56dim
cell pathways in ccRCC using data from the
TCGA dataset. According to multiple studies,
the expression of ETS1 is mainly restricted to
immune tissues, such as the thymus, spleen,
and lymph nodes, in adult mice under normal
conditions [45]. Similar patterns are shown in
adult humans, where high expression of ETS1
is found mainly in lymphoid tissues [46]. Ets1 is
expressed in B cells, T cells, NK cells, and NK T
cells and is also induced in other non-lymphoid
cell types by response to certain stimuli [47,
48]. Above all, these indicated that ETS1 was
closely connected to immunity in ccRCC. Due to
the high mutation load of a tumor, patients with
TMB-High produce many antigens in the body
and have a more adequate response to immu-
notherapy, with greater clinical benefits. As can
be seen from our analysis, TMB in the low
expression group was significantly higher than
that in the high expression group, which further
emphasized the correlation between the ETS1
gene and immunity. How to screen out patients
who can benefit from the massive number of
patients is particularly important. TMB is an
emerging biomarker for the prediction of
immune efficacy [49].

Previous investigations also found that it was
hypothesized to prevent the progression of
ccRCC by repressing the expression of ETS1
[50]. A previous study indicated that SBF2-
AS1 promoted the growth and advancement
of ccRCC by suppressing miR-338-3p and
increasing ETS1 expression [51]. To our knowl-
edge, SBF2-AS1 increased miR338-3p-target-
ed ETS1 in ccRCC cells to promote cell prolifer-
ation, migration and invasion while inhibiting
apoptosis [51]. Upregulated miR-338-3p could
give rise to a reduction in the invasiveness of
RCC cells, which indicated that it may act as a
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tumor suppressor in RCC [52]. As a result,
SBF2-AS1 could regulate the biologic activities
of ccRCC by targeting ETS1. In summary,
increased ETS1 expression in tumors is an
independent predictor of favorable prognosis in
ccRCC [15].

Our analysis shares common limitations with
similar retrospective studies. First, due to the
nature of our study, clinical information from
TCGA was limited, and some critical data could
not be obtained. Secondly, additional in vitro
and in vivo experiments should be designed to
further elucidate the detailed mechanism by
which ETS1 affects the immune infiltration of
ccRCC. Although these studies have provided a
clearer understanding of ETS1 function, many
unanswered questions remain regarding ETS1
structure, regulation, and biologic function.

Despite these limitations, our study has several
strengths. We not only analyzed ETS1 mRNA
expression by qRT-PCR validation, but also veri-
fied its protein expression by CPTAC analysis
and the HPA database, making our results
more persuasive. Additionally, we analyzed
multiple aspects of ETS1 in ccRCC, including
mutation features, nomogram, protein-protein
interaction, tumor immune infiltration, immune
cell pathways, and checkpoint molecules. The
recent advances in understanding molecular
discoveries in ccRCC should facilitate the devel-
opment of novel and highly effective therapies.

Conclusions

ccRCC tissue had higher levels of ETS1 than
normal tissue. High ETS1 expression correlates
with earlier clinical stage and better prognosis
in ccRCC and may develop into a biomarker for
the prognosis of ccRCC. The findings may help
us obtain deeper insight into therapeutic tar-
geting of ccRCC.
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