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Purpose: Prostate cancer (PCa) has a high incidence among older men. Until now, there
are no immunological markers available to predict PCa patients’ survival. Therefore, it is
necessary to explore the immunological characteristics of PCa.

Methods: First, we retrieved RNA-seq and clinical data of 499 PCa and 52 normal
prostate tissue samples from the Cancer Genome Atlas (TCGA). We identified 193
differentially expressed immune-related genes (IRGs) between PCa and normal prostate
tissues. Functional enrichment analyses showed that the immune system can participate
in PCainitiation. Then, we constructed a correlation network between transcription factors
(TFs) and IRGs. We performed univariate and multivariate Cox regression analyses and
identified five key prognostic IRGs (S100A2, NOX1, IGHV7-81, AMH, and AGTR1). Finally,
a predictive nomogram was established and verified by the C-index.

Results: We successfully constructed and validated an immune-related PCa prediction
model. The signature could independently predict PCa patients’ survival. Results showed
that high-immune-risk patients were correlated with advanced stage. We also validated
the S100A2 expression in vitro using PCa and normal prostate tissues. We found that
higher ST00A2 expressions were related to lower biochemical recurrences. Additionally,
higher AMH expressions were related to higher Gleason score, lymph node metastasis
and positive rate, and tumor stages, and higher ATGR1 expressions were related to lower
PSA value.

Conclusion: Overall, we detected five IRGs (S100A2, NOX1, IGHV7-81, AMH, and
AGTR1) that can be used as independent PCa prognostic factors.
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INTRODUCTION

According to the latest available data, prostate cancer (PCa) is
the most common cancer diagnosed among men and the second
leading cause of male cancer deaths in the United States (1, 2).
The PCa incidence has recently risen and can be explained by the
widespread use of prostate-specific antigen (PSA) tests (3).
Studies have identified different PCa risk factors such as
genetics, diet, and hormones (4). Radical prostatectomy or
radiation are standard primary treatments for localized PCa
patients, However, for recurrent- or advanced-staged PCa
patients, the standard treatment can be accompanied by
therapy intensification (5-7). PCa’s endocrine therapy includes
antiandrogen and castration. Recently, gene therapy has become
increasingly popular and already showed some clinical
achievements (8). However, solid data are still lacking for
further investigation of PCa molecular profiles that could
reveal novel PCa diagnosis targets and treatments (9-11).

Despite the initial effective responses with androgen
suppression therapy (AST), almost all patients progress to
metastatic castration-resistant prostate cancer (mCRPC) (12,
13). Currently, docetaxel, abiraterone, cabazitaxel, and Sip-T
are approved by the FDA for mCRPC treatment. However,
these treatments only provide 2-4 median survival months’
benefits (14-18). The mCRPC patients’ median overall survival
(OS) ranges from 13 to 32 months with a 15% 5-year survival
rate. Therefore, new mCRPC treatments are urgently required.

In the last decade, immunotherapy has achieved significant
milestones. In 2010, the FDA approved the first dendritic cell-
based vaccine, Sip-T, for non-symptomatic metastatic PCa
treatments (19). In 2011, a CTLA-4 immune checkpoint inhibitor,
ipilimumab, was approved for metastatic melanoma treatment (20,
21). From 2014, PD-1/PD-Llimmune checkpoint inhibitors were
approved for different cancers including lung cancer, kidney cancer,
urothelial carcinoma, Hodgkin’s disease, breast cancer, as well as for
microsatellite high and deficient solid tumors mismatch repair (22—
24). However, Sip-T remains the only immunotherapy approved for
PCa treatment. Currently, different clinical trials are evaluating
immunotherapeutic agents and their efficacy.

In this study, we utilized TCGA transcriptome data to
develop and validate a PCa risk signature with five IRGs:
S100A2, NOX1, IGHV7-81, AMH, and AGTRI1. We also
analyzed the signature correlation with other factors to
determine its clinical value.

MATERIALS AND METHODS

Data Collection and Immune-Related
Genes

PCa samples’ clinical and transcriptomic data were collected
from UCSC-TCGA (https://tcga-data.nci.nih.gov/tcga/). The

Abbreviations: PCa, Prostate cancer; IRG, immune-related gene; TF,
transcription factor; AST, Androgen suppression therapy; mCRPC, metastatic
castration-resistant prostate cancer; OS, overall survival; GO, gene ontology; ROC,
receiver operating characteristic curves; AUC, area under the curve.

RNA expression profiles were obtained by RNA-seq, and the
log,-based transformation was used for normalization. We
compared these RNA-seq data with the Immport database.
RNA-seq data were standardized using the R language.

Differentially Expressed Immune-Related
Gene Enrichment Analyses

The “Limma” R package was applied to estimate differentially
expressed IRGs between PCa and normal samples. Genes
exhibiting at least 2-fold changes and corresponding to an
adjusted p < 0.05 were selected as being differentially
expressed. First, a heatmap and a volcano map were used to
filter these differentially expressed IRGs. Then, we performed a
series of gene functional enrichment analyses, gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG),
to detect major biological attributes. The Database for
Annotation, Visualization, and Integrated Discovery (DAVID)
(https://david.ncifcrf.gov/) was used for functional annotation
and to identify GO and KEGG enriched terms. The “GO plot” R
package was used to visualize enriched terms.

Construction and Validation of a Novel
Immune-Related PCa Prognostic
Signature

To analyze the IRGs ontology terms of signature, gene set
enrichment analysis (GSEA) was performed between high- and
low-risk groups (https://pypi.org/project/gseapy/). Twenty-two
GO gene sets were retrieved from the Molecular Signatures
Database (MSigDB) (http://software.broadinstitute.org/gsea/
downloads.jsp). A p-value < 0.05 was considered statistically
significant for enriched gene sets with nominal and false
discovery rates (FDR) < 0.25.

To identify key IRGs, univariate and multivariate Cox regression
analyses were performed to exclude IRGs with little prognostic
value. According to each gene weight in the multivariate Cox
regression analysis, the correlation coefficients for the patients’
prognostic prediction model were obtained. Combining
differently expressed genes, we established an independent
prognostic model. The prognostic index was calculated as follows:

(B, x gene,expression) + (3, X gene,expression) + - - « - - +(Pn
X gene,expression)

Where B corresponds to the correlation coefficient.

Identification of Differently Expressed
Transcription Factors and Construction

of a Correlation Network Between TFs

and IRGs

We used the Cistrome database (http://www.cistrome.org/) to
predict TF targets and extract cancer enhancer profiles. The
prediction was performed based on TCGA expression profiles
integrative analysis and public ChIP-seq profiles. Then, we
identified differently expressed TFs between PCa and normal
prostate tissues with the “Limma” R package. We also tested the
correlation between differently expressed TFs and IRGs.
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A correlation coefficient >0.4 with a p < 0.01 was considered as a
remarkable correlation.

Immune-Related PCa Prognostic
Signature Evaluation

According to our prognostic model, each patient received a risk
score. We set the median risk score as the cutoff value to divide PCa
patients into a high- and low-risk groups. The Kaplan-Meier (K-M)
method was utilized to plot the survival curves, and the log-rank test
was performed to assess different survival rates between groups.
Receiver operating characteristic (ROC) curves were created with
the “survival ROC” R package, and the area under the curve (AUC)
was calculated to evaluate model specificity and sensitivity. Patients’
risk score distribution in different risk groups and the survival state
program showed that high-risk-score patients had higher death
rates. We also showed the number of censored patients and
constructed a prognosis-related IRGs heatmap. Finally, a
prognostic nomogram was constructed to predict PCa patients’
survival time.

Correlations Between the Immune-Related
Risk Signature and Clinicopathologic
Features

Further, to improve the PCa prognostic signature OS prediction
accuracy, we integrated age, race, T, N, lymph nodes positive,
Gleason score, PSA value, and biochemical recurrence in
our evaluations.

Immunohistochemistry

Ten samples were obtained from patients approved by the local
ethics committee of the Zhongda Hospital Affiliated with the
Southeastern China University. The antibody against SI00A2 was
obtained from Abcam. Prostate tissues were fixed with 4%
paraformaldehyde, embedded in paraffin, then sectioned. Tissue
sections were placed into a box and heated in a microwave oven for
antigen retrieval. Then, we blocked the endogenous peroxidase by
treating the sections with 3% hydrogen peroxide. Sections were
incubated with a primary antibody followed by an appropriate
secondary one. Antibody binding was visualized by DAB treatment.
The nuclei were stained, and sections were dehydrated. Finally,
sections were mounted on glass slides for analysis.

Quantitative Real-Time PCR Analysis

We used RNA extraction kits (Invitrogen, CA, USA) to extract RNA
from prostate tissues. RNA concentrations were measured with a
Tecan Sunrise infinite M200 PRO plate-reader (Tecan, Switzerland),
and mRNA expressions were normalized with GAPDH. The specific
primers used were: S100A2 5¢-ACCGACCCTGAAGCAGAACTC-
3¢ and 5¢-CCTCATCTCCCAGCACTCCA-3¢; GAPDH 5¢-
CTTTGGTATCGTGGAAGGACTC-3¢ (forward), 5¢-
GTAGAGGCAGGGATGATGTTCT-3¢ (reverse). Each
experiment was repeated at least three times.

Western Blotting
Prostate tissues were used for protein extraction, and protein
concentration was determined using a BCA Protein Assay Kit

(Pierce, USA). First, samples were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
then transferred to polyvinylidene fluoride (PVDF, Millipore,
USA) membranes. Membranes were blocked with 5% skimmed
milk for 60 min at room temperature, then incubated with
S100A2 and GAPDH antibodies overnight at 4°C. Membranes
were washed three times with TBST buffer (20 mmol/L Tris-
buffered saline and 0.1% Tween 20), then incubated with
peroxidase (HRP)-conjugated secondary antibody for 1 h at
37°C. Finally, immunoblotted proteins were analyzed using
Image] (National Institutes of Health, USA).

Statistical Analyses

Heatmaps and boxplots were generated with the “Complex
Heatmap” and “ggplot2” R package, respectively. We
calculated the C-index with the “survcomp” R package. The
Student’s t-test was used for paired data comparison, and the
ANOVA test was conducted for comparison of more than two
scores. Pearson’s ) tests were performed for categorical variables
comparison. Tests were performed using the “stats” R package
version 3.5.1. Each experiment was repeated at least three times.
Data are presented as means * standard deviations (SD), and a
p < 0.05 was considered statistically significant. Statistical and
data analyses were conducted with the R (https://www.r-project.
org/) and the GraphPad Prism 8.0 software.

RESULTS

Differentially Expressed Immune-Related
Genes

RNA-seq and clinical data from 499 PCa and 52 normal samples
were retrieved from TCGA. All PCa patients with gene
expression data and clinical information were enrolled in the
current study (Figure 1). Then, we initially screened 193
differentially expressed genes (Figures 2A, B).

Network Analyses of TF-IRG Interactions
To explore TF and IRG interactions, we extracted 22
differentially expressed TFs between PCa and normal prostate
tissues (Figure 3A). We detected 11 upregulated and 11
downregulated TFs (Figures 3B, C). The TF-IRG interaction
network is detailed in Figure 3D. TF-IRG interaction network
results had no direct influence on this research conclusion.
However, the TFs found can direct further researches.

Functional Annotation of Differentially
Expressed IRGs

The functional enrichment analysis of the 193 differentially
expressed IRGs demonstrated their biological roles. GO
functional terms and KEGG enriched pathways are
summarized in Tables 1, 2, respectively, and the schematic
overview of these results is presented in Figure 4. According to
DAVID results, the top enriched GO terms for biological
processes were as follows: response to external stimulus
positive regulation (1.06E-16), cell migration positive
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FIGURE 2 | Differentially expressed IRGs: (A) Heatmap and (B) Volcano map.

regulation (2.19E-15), and leukocyte migration (4.46E-15). For
cellular components, the top terms were immunoglobulin
circulating complex (2.38E-06), plasma membrane external
side (2.38E-06), and immunoglobulin complex (2.38E-06).
Based on molecular function, genes were mostly enriched
regarding receptor-ligand (6.31E-46), growth factor (1.62E-29),
and cytokine (2.33E-20) activities. Besides, in the KEGG pathway
enrichment analysis, the differentially expressed IRGs were
associated with Cytokine-cytokine receptor interaction (3.86E-
16), Ras signaling (6.70E-08), Neuroactive ligand-receptor
interaction (5.64E-06), MAPK signaling (1.07E-05), and EGFR
tyrosine kinase inhibitor resistance (1.71E-05). Enriched
pathways Z-scores < 0 indicated that most cancer pathways
were more likely to be decreased (Figures 4A, B).

Immune-Related Risk Signature
Construction and Validation

These survival-related genes were subjected to univariate and
multivariate Cox regression analyses to remove genes that were

not prognostic independent indicators. Then, different
prognostic IRGs were obtained. The relationships between the
193 differentially expressed IRGs profiles were obtained from
TCGA and resulted in six prognosis-related IRGs (S100A2,
NOX1, IGHV7-81, AMH, AGTRI1, and BIRC5) (Figure 5A).
To improve robustness, these IRGs were used in a multivariate
Cox regression model, performed by SPSS 24.0 (Figure 5B).
However, the AGTR1 gene showed no significant prognostic
value (p > 0.05). Finally, five genes—S100A2, NOX1, IGHV7-81,
AGTRI1, and AMH—were identified and integrated into the
model (Tables 3, 4).

Evaluation of the Inmune-Related PCa
Prognostic Signature

After construction, we validated and evaluated the immune-
related PCa prognostic model. K-M analysis results indicated
that the high-risk group had a shorter survival time compared to
the low-risk group (log-rank test p-value = 1.163E-03)
(Figure 6A). The prognosis-related IRGs heatmap is also
presented (Figure 6B). To evaluate the immune-related
prognostic signature effectiveness, a time-dependent ROC
curve analysis was performed using the “survival ROC” R
package. The AUC was also calculated to evaluate the model’s
specificity and sensitivity. The prognostic signature AUC was
0.985, demonstrating that the prognostic signature is suitable for
survival predictions (Figure 6C). We also constructed a
prognostic nomogram (“rms” R package) to predict patients’
survival rates based on IRGs and the Cox proportional hazard
regression model (Figure 6D). Finally, the patients’ risk score
distribution showed that the high-risk group had higher risk
scores, and the survival state program showed that high-risk-
score patients had higher death rates (Figures 6E, F).

Combination of the Prognostic Signature
and Clinical Parameters

Results showed that higher S1I00A2 expressions were related to
lower biochemical recurrences. Additionally, higher AMH
expressions were related to higher Gleason scores, lymph node
metastasis rates, tumor grades, and lower positive lymph nodes.
Finally, higher ATGR1 expressions were related to lower PSA
values (Figures 7A-F, Table 5).

Validation of S100A2 as a Prognostic
Factor

S100A2 had the lowest p-value in our prognostic model. To
validate this result, human prostate tissues were used to confirm
the S100A2 higher expression. Compared with tumor-adjacent
tissues, the SI00A2 expression was indeed higher in PCa samples
(Figures 8A-C).

DISCUSSION

PCa is the most common malignancy diagnosed among men and
is ranked as the second leading cancer-related death cause in US
men, becoming the most common cancer affecting men’s health
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TABLE 1 | GO terms function of IRGs for PCa patients.

ONTOLOGY ID Description p value p. adjust  Count
BP GO:0032103 Positive regulation of response to external stimulus 3.47E-20 1.06E-16 29
BP G0:0030335 Positive regulation of cell migration 1.44E-18 2.19E-15 34
BP GO:0050900  Leukocyte migration 4.38E-18 4.46E-15 33
BP G0:0042742 Defense response to bacterium 6.88E-18 5.25E-15 27
BP G0:0006959 Humoral immune response 1.31E-16 8.01E-14 27
BP G0:0050727 Regulation of inflammatory response 4.10E-15 2.09E-12 28
BP GO0:0060326 Cell chemotaxis 1.58E-14 6.87E-12 23
BP G0:0002460 Adaptive immune response based on somatic recombination of immune receptors built from 3.09E-13 1.18E-10 23
immunoglobulin superfamily domains
BP GO:0050920 Regulation of chemotaxis 4.80E-13 1.63E-10 19
BP G0:0030595 Leukocyte chemotaxis 5.10E-12 1.56E-09 18
CC G0:0042571  Immunoglobulin complex, circulating 2.51E-08 2.38E-06 8
CC G0:0009897 External side of plasma membrane 3.82E-08 2.38E-06 16
CC G0:0019814  Immunoglobulin complex 4.13E-08 2.38E-06 8
CC GO:0072562 Blood microparticle 4.56E-08 2.38E-06 13
CC G0:0031012  Extracellular matrix 0.0011229  0.004649379 15
CC GO:0043025 Neuronal cell body 0.00170151 0.023343588 13
CC GO:0034774 Secretory granule lumen 0.001628514 0.048622789 10
MF GO0:0048018 Receptor ligand activity 1.86E-48 6.31E-46 60
MF G0:0008083 Growth factor activity 9.51E-32 1.62E-29 32
MF GO:0005125 Cytokine activity 2.06E-22 2.33E-20 28
MF GO:0005126 Cytokine receptor binding 1.01E-20 8.55E-19 29
MF G0:0005179 Hormone activity 9.94E-15 6.76E-13 17
MF G0:0001664 G-protein coupled receptor binding 1.17E-18 6.65E-12 22
MF G0:0003823  Antigen binding 2.68E-11 1.30E-09 17
MF G0:0042379 Chemokine receptor binding 8.61E-11 3.66E-09 1
MF GO:0070851  Growth factor receptor binding 1.31E-10 4.95E-09 14
MF GO:0008009 Chemokine activity 1.89E-09 6.43E-08 9

BP, biological processes; CC, cellular components; MF, molecular function.

in this country (25). Although the PCa incidence in Asia is much
lower than in Europe and the US, it has been recently rising faster
than these two other regions (26). However, there are no
immunological markers available to predict PCa patients’
survival. Therefore, we obtained PCa and normal samples
RNA-seq and clinical data from TCGA that provided effective
measures for gene signature construction. We evaluated IRGs’
expression profiles and detected prognostic signatures for
PCa patients.

First, we screened 193 differentially expressed IRGs between
PCa and non-tumor tissues. Based on these results, we extracted
22 differentially expressed TFs by RNA-seq data analysis to
construct a TF-IRG interaction network. Considering that
these genes might be deeply involved in PCa initiation, we

TABLE 2 | KEGG pathway enrichment of IRGs for PCa patients.

performed GO and KEGG enrichment analyses. To identify
key IRGs in the prognostic signature, univariate and
multivariate Cox regression analyses were performed. These
analyses showed five key IRGs (S100A2, NOX1, IGHV7-81,
AMH, and AGTR1) that could be used as a PCa prognostic
signature in the TCGA database. Then, we validated and
evaluated this model and linked it to clinical factors.

At present, several studies have built prediction models
using different databases. For example, Wang et al. analyzed
411 BC patients and 19 non-tumor samples RNA-seq data from
TCGA and obtained an individualized autophagy-clinical
prognostic index with prediction value (27). Also, An et al.
analyzed the RNA-seq data of 117 serous ovarian cancer and 52
normal ovarian tissues from GEO datasets (28). This study is

ID Description

hsa04060 Cytokine—cytokine receptor interaction

hsa04014 Ras signaling pathway

hsa04080 Neuroactive ligand-receptor interaction

hsa04010 MAPK signaling pathway

hsa01521 EGFR tyrosine kinase inhibitor resistance

hsa04061 Viral protein interaction with cytokine and cytokine receptor
hsa04015 Rap1 signaling pathway

hsa04024 CcAMP signaling pathway

hsa04062 Chemokine signaling pathway

hsa04151 PISK-AKkt signaling pathway

p value p.adjust Count
2.03E-18 3.86E-16 32
7.05E-10 6.70E-08 20
8.91E-08 5.64E-06 21
2.25E-07 1.07E-05 19
4.84E-07 1.71E-05 10
5.40E-07 1.71E-05 11
1.30E-06 3.53E-05 15
1.65E-06 3.92E-05 15
1.05E-05 0.000220858 13
1.40E-05 0.000265748 18
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the first to build an immune predictive model for PCa and to
A correlate it with clinicopathological factors. We also internally
pvalve Hazard ratio ' validated our results. Due to the lack of sufficient clinical
| samples, we only validated the SI00A2 expression between
S100A2 0.020 1.056(1.008-1.106) h PCa and normal tissues.
' S100A2 (S100 Calcium Binding Protein A2) has calcium-
Nox 0012 3 575(0.600-0.868) ,_.E binding motifs and is involved in the regulation of different
: cellular processes such as cell cycle progression and
sCs . 1 2111.0501346) - differentiation. Reports have indicated that S100A2
E downregulation in PCa is related to a biologic aggressiveness
' increase (29). A transcriptional cross-talk may exist between
IGHV7-81 <0.001 2.551(1.525-4.267) ' —_—.— .
X S100A2 and p53, an immune-related pathway key gene (30).
) Also, an age-related effect was detected for SI00A2 methylation
AMH <0.001 1.261(1.124-1.415) | HH i R X R .
: levels in BPH patients (31). Altogether, this might explain the
. differences in S100A2 expression levels and immune-
AGTR1 0.037 1.033(1.002-1.085) I. related behav]ors
0 1 2 3 4 : .
- The Noxl (NADPH Oxidase 1) gene encodes an enzyme
responsible for oxygen single electron transfer catalysis to
B . . . .
) produce superoxide or hydrogen peroxide. This function has
pvalue Hazard ratio ! . .
' already been verified in human PCa, and elevated Nox1/H202
\ levels are associated with malignant transformation and
SRRz <0001 ARG SRLEES I’ tumorigenicity increases in PCa animal models (32). These
' effects might be caused by the immune cell-mediated
NOX1 0.024  0.003(0.000-0.460) - inflammation triggered by the release of reactive oxygen
: species (ROS) induced by Nox1 (33).
IGHV7-81  0.011  2.800(1.262-6.210) — The AGTR1 (Angiotensin I Receptor Type 1) gene encodes a
\ type 1 receptor that can mediate major angiotensin II major
' cardiovascular effects. AGTRI plays a key role in effective
AMH 0002  1.246(1.086-1.430) ] . e .
| androgen-independent DU145 cell proliferation and metastasis
! inhibition in vitro, via AGTR1-dependent apoptotic pathways
AGTR1 0.088  1.041(0.894-1.050) | I* — (34). AGTRI can also promote lymph node metastasis by
01 2 3 4 5 6 chemokine CXCR4/SDF-1ov increases, presenting a cancer-
Hazard ratio promoting effect. Its underlying mechanism may depend on
FAK/RhoA pathway activation (35).
FIGURE 5 | Prognostic IRGs identification: (A) Univariate and (B) Multivariate IGHV7-81 (Immunoglobulin Heavy Variable 7-81) and
Cox regression analyses. AMH (Anti-Mullerian Hormone) relations with PCa were not

previously reported. However, our results showed that they could
be involved in specific tumor immunity or affect PCa
progression. Therefore, a novel model based on them can be

TABLE 3 | Univariate Cox regression analysis to filtrate key ARGs for BC patients. crucial to high-risk patients’ assessment.
The BRCA2 gene is related to the inhibition of malignant
tumor occurrence (36). BRCA2 mutations are reported in
S100A2 1.056105264 1.008492562 1.105965846 0.020380834 approximately 5% Of progressive PCa patients) presenting a

ID HR HR.95L HR.95H p value

NOX1 0019298037 0000428891  0.868320058 ~ 0.042086476  pioher chance of advanced-stage tumors (37, 38). Also,
BIRC5 1211058502  1.089847975  1.345749799  0.00037223 tients with line BRCA2 tati d di d
IGHV7-81 2550963691 1525108226  4.266855059 0000359584 ~ Patients with germine gene mutations and diagnose
AMH 1.261444149 1.124176792 1.415472506 7 77E-05 with localized PCa had reduced cancer—spec1ﬁc survival
AGTRT 1.033184764  1.001946872  1.065396567  0.037148163  compared to non-carriers (39). Recent studies have reported

TABLE 4 | Multivariate Cox regression analysis to filtrate key ARGs for BC patients.

ID coef HR HR.95L HR.95H p value

S100A2 0.095097498 1.099766075 1.040001191 1.162965418 0.000850669
NOX1 -5.852129483 0.002873773 1.79E-05 0.460277302 0.023848854
IGHV7-81 1.029487511 2.799630687 1.262231918 6.209581514 0.011310899
AMH 0.220039707 1.24612621 1.085665335 1.430303134 0.001756294
AGTR1 0.039940648 1.040749001 0.994116914 1.089568509 0.087694566

Frontiers in Oncology | www.frontiersin.org 9 September 2021 | Volume 11 | Article 711258


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

BI0"uIsienuOl MMM | ABOJOSUQ Ul SIaIUOI

Ok

8GZ L/ 8oy | L 8wnjoA | 1z0g Jequisides

Risk == Hignrisk 3 Low isk
TR EERERLR type
5 [ high 1.00
L
> £ o
0 ]
8
a 050
- 2
&
a 0.25; p=1.163e-03
IGHV7-81
0.00

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time(years)

3 Highrisk{ 24720313983 51 32 18 11 6 4 2 1 0 0 0 0
¢ Lowrisk{24821415197 53 36 19 11 7 7 2 2 1 1 0 0
01 2 8 9

3 45 6 7 10 11 12 13 14 15
Time(years)
ROC curve (AUC = 0.985)
S
- I I T T T T T . I )
Points.
o | S100A2 g
5
Hoxi 1 10 1 1 4
© " ) F)
S o 1GHV7-81
o o 7| 0
2
= AMH el
(73
g- 020
<
g 34 AGTR1 -
= Total Points.
C W » % @0 @ & © % % 1w 1o m
(\" -1 * |
o year surviva e
3-year survival —
059005
o
o 5-year survival —
T T T T T T 059005
0.0 0.2 0.4 0.6 0.8 1.0
False positive rate
o R 0
" |  High risk _ | ® Dead . .
@ o o low Risk £ o | ® Alve
e 2 7
g ° 2
M E
F oo S oA
£ 2
~ o S v
5
17} N o
o <l
T T T T T T &

0 100 200 300 400 500 T T T T T T

Patients (increasing risk socre)
Patients (increasing risk socre)

FIGURE 6 | Evaluation of prognostic index based on IRGs for PCa patients: (A) Heatmap; (B) Kaplan-Meier plot; (C) ROC curve; (D) Prognostic nomogram; (E) Risk score; (F) Survstat.

‘e 1@ BuayD

J180UR)) 81BIS0.d J0) 8ainteudlg onsoubold


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cheng et al.

Prognostic Signature for Prostate Cancer

that nearly 25% of advanced PCa patients with DNA damage
repair defects were also associated with progressive BRCA2
deficiencies (40). Additionally, BRCA2 can trigger immune
responses linked to PCa. However, BRCA2 was not present in
our immune-related PCa gene set.

TF-IRG interaction network included six upregulated TFs
(CBX2, CBX8, CEPNA, EZH2, FOXM1, MYBL2) and six
downregulated TFs (FOSL1, GATA3, HOXB7, KLF5, TCF7L1,
TP63). CBX2 inhibition could induce cancer cell death, and
CBX2 was positioned as a drug target in lethal castration-
resistant PCa (CRPC) (41). The CBX8 expression in
esophageal squamous cell carcinoma was significantly higher
than that in paracancer tissues, and the increase extent was
related to the TNM stage (42). CENPA was significantly
overexpressed in PCa patients, and overexpression correlated
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FIGURE 7 | Immune-related risk signature with clinicopathologic features correlations: (A) ATGR1 and PSA value; (B) AMH and Gleason score; (C) AMH and lymph
nodes positive; (D) AMH and N; (E) AMH and T; (F) S100A2 and biochemical recurrence.

with progression (43). Dysregulated expression of EZH2 was
involved in the PCa progression, as well as being a marker that
distinguished indolent PCa from lethal PCa (44). In summary, 12
TFs have been reported to be associated with PCa, except for
CBX8. However, the literature for 12 TFs was limited, and no
relevant literature has made a summary of 12 TFs. In this
research, the relationship between TFs and IRGs was obtained.

Opverall, we developed an IRGs model that can independently
predict the PCa patients’ overall survival, showing that targeted
IRG therapies might be promising for PCa treatment. Further
investigations regarding IRGs’ molecular mechanisms would
demonstrate how they affect PCa survival and provide new
treatment suggestions. Therefore, our signature containing five
IRGs can predict PCa patients’ OS and guide novel
therapeutic approaches.

TABLE 5 | Clinical correlation analysis between these five prognostic IRGs, our established risk score, and clinical features.

ID Age Race T N

Lymphnodes_ Gleason_score psa_value Biochemical_
positive recurrence

S100A2 -0.597 (0.551)  0.399 (0.819) -0.868 (0.386) -0.864 (0.391) 0.849 (0.399) -0.305 (0.760) -0.017 (0.986) 1.993 (0.049)
NOX1 -1.193 (0.235)  0.263 (0.877) -1.379 (0.169) -0.154 (0.878) 0.141 (0.888) -0.861 (0.390) 0.093 (0.927) -0.086 (0.931)
IGHV7-81 -1.914 (0.058) 2.319 (0.314) 0.021 (0.983) 1.185 (0.238) —-1.024 (0.307) —-1.845 (0.067) -0.25 (0.804) -0.812 (0.419)
AMH -1.736 (0.085)  0.486 (0.784)  -3.391 (7.813e-04)  -2.562 (0.012) 2.903 (0.005) —-4.56 (9.136e-06) 0.063 (0.950) -1.019 (0.311)
AGTR1 -1.954 (0.053)  0.197 (0.906) —-0.953 (0.341) 1.603 (0.111) —1.694 (0.092) 1.956 (0.051) 2.573 (0.013) 0.007 (0.994)
riskScore -0.492 (0.623) 0.21 (0.900) -0.352 (0.725) -0.819 (0.416) 0.816 (0.418) —-1.536 (0.127) 1.411 (0.159) 1.5628 (0.128)
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CONCLUSION

Five IRGs—S100A2, NOX1, IGHV7-81, AMH, AGTR1—were
filtrated and utilized to establish a novel immune-related
signature. The IRGs-based signature was successfully
established and internally verified for PCa patients’ OS
prediction. A TF-IRG interaction network was also
constructed and can provide directions for future researches.
Our established signature showed excellent PCa predictive
efficacy and was significantly associated with clinical
parameters. We believe that our results might help clinicians
predict PCa patients’ survival. However, only the SI00A2
expression was verified in human bladder tissues and showed
significance between bladder tumor and normal tissues.
Further researches are required to verify our findings for the
other IRGs.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories can be
found here: https://tcga-data.nci.nih.gov/tcga/.

REFERENCES

1. Saranyutanon S, Srivastava SK, Pai S, Singh S, Singh AP. Therapies Targeted to
Androgen Receptor Signaling Axis in Prostate Cancer: Progress, Challenges, and
Hope. Cancers (Basel) (2019) 12(1):51. doi: 10.3390/cancers12010051

2. Qu LG, Lawrentschuk N. Orthotopic Neobladder Reconstruction: Patient Selection
and Perspectives. Res Rep Urol (2019) 11:333-41. doi: 10.2147/RRU.S181473

3. Merriel SWD, Funston G, Hamilton W. Prostate Cancer in Primary Care.
Adv Ther (2018) 35:1285-94. doi: 10.1007/s12325-018-0766-1

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Zhongda Hospital Affiliated to Southeastern China
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

MC and SC designed the study. HC, YW, and CL conducted the
study and maintained the data. TW analyzed the data and made
the figures. All authors drafted and revised the paper. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was supported by the Key Program Project of Jiangsu
Province [grant number BE2019751] and the National Natural
Science Foundation of China [grant number 82070773].

4. Cattrini C, Castro E, Lozano R, Zanardi E, Rubagotti A, Boccardo F, et al.
Current Treatment Options for Metastatic Hormone-Sensitive Prostate
Cancer. Cancers (Basel) (2019) 11(9):1355. doi: 10.3390/cancers11091355

5. Haj-Hamed M, Karivedu V, Sidana A. Salvage Treatment for Radio-
Recurrent Prostate Cancer: A Review of Literature With Focus on Recent
Advancements in Image-Guided Focal Salvage Therapies. Int Urol Nephrol
(2019) 51(7):1101-6. doi: 10.1007/s11255-019-02114-4

6. Bergengren O, Garmo H, Bratt O, Holmberg L, Johansson E, Bill-Axelson A.
Determinants for Choosing and Adhering to Active Surveillance for Localised

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 711258


https://tcga-data.nci.nih.gov/tcga/
https://doi.org/10.3390/cancers12010051
https://doi.org/10.2147/RRU.S181473
https://doi.org/10.1007/s12325-018-0766-1
https://doi.org/10.3390/cancers11091355
https://doi.org/10.1007/s11255-019-02114-4
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cheng et al.

Prognostic Signature for Prostate Cancer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Prostate Cancer: A Nationwide Population-Based Study. BMJ Open (2019) 9
(12):¢033944. doi: 10.1136/bmjopen-2019-033944

. Francini E, Yip S, Ahmed S, Li H, Ardolino L, Evan CP, et al. Clinical

Outcomes of First-Line Abiraterone Acetate or Enzalutamide for Metastatic
Castration-Resistant Prostate Cancer After Androgen Deprivation Therapy +
Docetaxel or ADT Alone for Metastatic Hormone-Sensitive Prostate Cancer.
Clin Genitourin Cancer (2018) 16(2):130-4. doi: 10.1016/j.clgc.2017.12.012

. Hara I, Yamashita S, Nishizawa S, Kikkawa K, Shimokawa T, Kohjimoto Y.

Enzalutamide Versus Abiraterone as a First-Line Endocrine Therapy for
Castration-Resistant Prostate Cancer: Protocol for a Multicenter Randomized
Phase 3 Trial. JMIR Res Protoc (2018) 7(7):e11191. doi: 10.2196/11191

. Shi R, Bao X, Weischenfeldt J, Schaefer C, Rogowski P, Schmidt-Hegemann

NS, et al. A Novel Gene Signature-Based Model Predicts Biochemical
Recurrence-Free Survival in Prostate Cancer Patients After Radical
Prostatectomy. Cancers (Basel) (2019) 12(1):1. doi: 10.3390/cancers12010001
Lo Gullo R, Daimiel I, Morris EA, Pinker K. Combining Molecular and
Imaging Metrics in Cancer: Radiogenomics. Insights Imaging (2020) 11(1):1.
doi: 10.1186/s13244-019-0795-6

Yan W, Jamal M, Tan SH, Song Y, Young D, Chen Y, et al. Molecular Profiling
of Radical Prostatectomy Tissue From Patients With No Sign of Progression
Identifies ERG as the Strongest Independent Predictor of Recurrence.
Oncotarget (2019) 10(60):6466-83. doi: 10.18632/oncotarget.27294

Guo L, Lin M, Cheng Z, Chen Y, Huang Y, Xu K. Identification of Key Genes
and Multiple Molecular Pathways of Metastatic Process in Prostate Cancer.
Peer] (2019) 7:¢7899. doi: 10.7717/peerj.7899

Mahmoudian M, Seyednasrollah F, Koivu L, Hirvonen O, Jyrkkio S, Elo LL. A
Predictive Model of Overall Survival in Patients With Metastatic Castration-Resistant
Prostate Cancer. F1000Res (2016) 5:2674. doi: 10.12688/f1000research.8192.1
Boettcher AN, Usman A, Morgans A, VanderWeele DJ, Sosman J, Wu JD.
Past, Current, and Future of Immunotherapies for Prostate Cancer. Front
Oncol (2019) 9:884. doi: 10.3389/fonc.2019.00884

Armstrong AJ, Al-Adhami M, Lin P, Parli T, Sugg J, Steinberg J, et al. Association
Between New Unconfirmed Bone Lesions and Outcomes in Men With Metastatic
Castration-Resistant Prostate Cancer Treated With Enzalutamide: Secondary
Analysis of the PREVAIL and AFFIRM Randomized Clinical Trials. JAMA
Oncol (2020) 6(2):217-25. doi: 10.1001/jamaoncol.2019.4636

Okita K, Hatakeyama S, Narita S, Takahashi M, Sakurai T, Kawamura S, et al. The
Effect of Treatment Sequence on Overall Survival for Men With Metastatic
Castration-Resistant Prostate Cancer: A Multicenter Retrospective Study. Clin
Genitourin Cancer (2020) 18(2):e103-11. doi: 10.1016/j.clgc.2019.09.006
Petrylak DP, Vogelzang NJ, Chatta K, Fleming MT, Smith DC, Appleman L],
et al. PSMA ADC Monotherapy in Patients With Progressive Metastatic
Castration-Resistant Prostate Cancer Following Abiraterone and/or
Enzalutamide: Efficacy and Safety in Open-Label Single-Arm Phase 2 Study.
Prostate (2020) 80(1):99-108. doi: 10.1002/pros.23922

Higano CS, Armstrong AJ, Sartor AO, Vogelzang NJ, Kantoff PW, McLeod
DG, et al. Real-World Outcomes of Sipuleucel-T Treatment in PROCEED, a
Prospective Registry of Men With Metastatic Castration-Resistant Prostate
Cancer. Cancer (2019) 125(23):4172-80. doi: 10.1002/cncr.32445

Caram MEV, Ross R, Lin P, Mukherjee B. Factors Associated With Use of
Sipuleucel-T to Treat Patients With Advanced Prostate Cancer. JAMA Netw
Open (2019) 2(4):€192589. doi: 10.1001/jamanetworkopen.2019.2589
Komura K, Sweeney CJ, Inamoto T, Ibuki N, Azuma H, Kantoff PW. Current
Treatment Strategies for Advanced Prostate Cancer. Int J Urol (2018) 25
(3):220-31. doi: 10.1111/iju.13512

Agarwal N, Di Lorenzo G, Sonpavde G, Bellmunt J. New Agents for Prostate
Cancer. Ann Oncol (2014) 25(9):1700-9. doi: 10.1093/annonc/mdu038

Wu Y, Rosenberg JE, Taplin ME. Novel Agents and New Therapeutics in
Castration-Resistant Prostate Cancer. Curr Opin Oncol (2011) 23(3):290-6.
doi: 10.1097/CCO.0b013e3283449400

Shimanovsky A, Dasanu CA. Updates on Immunotherapy in Non-Small Cell
Lung Cancer. Expert Opin Biol Ther (2014) 14(4):411-8. doi: 10.1517/
14712598.2014.887675

Pal SK, Haas NB. Adjuvant Therapy for Renal Cell Carcinoma: Past, Present, and
Future. Oncologist (2014) 19(8):851-9. doi: 10.1634/theoncologist.2014-0105

Wu Y, Enting D, Rudman S, Chowdhury S. Immunotherapy for Urothelial
Cancer: From BCG to Checkpoint Inhibitors and Beyond. Expert Rev
Anticancer Ther (2015) 15(5):509-23. doi: 10.1586/14737140.2015.1015419

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Moris L, Van den Broeck T, Wiegel T. Reply to Satoshi Funada, Takashi
Yoshioka, and Yan Luo’s Letter to the Editor Re: Lisa Moris, Marcus G.
Cumberbatch, Thomas Van Den Broeck, Et al. Benefits and Risks of Primary
Treatments for High-Risk Localized and Locally Advanced Prostate Cancer:
An International Multidisciplinary Systematic Review. Eur Urol (2020)
77:614-27. doi: 10.1016/j.eururo.2020.01.033

Culp MB, Soerjomataram I, Efstathiou JA, Bray F, Jemal A. Recent Global
Patterns in Prostate Cancer Incidence and Mortality Rates. Eur Urol (2020) 77
(1):38-52. doi: 10.1016/j.eururo.2019.08.005

Wang SS, Chen G, Li SH, Pang JS, Cai KT, Yan HB, et al. Identification and
Validation of an Individualized Autophagy-Clinical Prognostic Index in
Bladder Cancer Patients. Onco Targets Ther (2019) 12:3695-712. doi:
10.2147/0TT.S197676

Gupta S, Hussain T, MacLennan GT, Fu P, Patel J, Mukhtar H. Differential
Expression of S100A2 and S100A4 During Progression of Human Prostate
Adenocarcinoma. J Clin Oncol (2003) 21(1):106-12. doi: 10.1200/
JCO.2003.03.024

Pan S-C, Li C-Y, Kuo C-Y, Kuo Y-Z, Fang W-Y, Huang Y-H, et al. The P53-
S100A2 Positive Feedback Loop Negatively Regulates Epithelialization in
Cutaneous Wound Healing. Sci Rep (2018) 8(1):5458. doi: 10.1038/s41598-
018-23697-5

Jeronimo C, Henrique R, Hoque MO, Mambo E, Ribeiro FR, Varzim G, et al.
A Quantitative Promoter Methylation Profile of Prostate Cancer. Clin Cancer
Res (2004) 10(24):8472-8. doi: 10.1158/1078-0432.CCR-04-0894

Lim SD, Sun C, Lambeth JD, Marshall F, Amin M, Chung L, et al. Increased
Nox1 and Hydrogen Peroxide in Prostate Cancer. Prostate (2005) 62(2):200—
7. doi: 10.1002/pros.20137

Sharma A, Singh S, Ahmad S, Gulzar F, Schertzer JD, Tamrakar AK. NOD1
Activation Induces Oxidative Stress via NOX1/4 in Adipocytes. Free Radic
Biol Med (2020) 162:118-28. doi: 10.1016/j.freeradbiomed.2020.11.036
Zhang D, Liu H, Yang B, Hu J, Cheng Y. L-Securinine Inhibits Cell Growth
and Metastasis of Human Androgen-Independent Prostate Cancer DU145
Cells via Regulating Mitochondrial and AGTR1/MEK/ERK/STAT3/PAX2
Apoptotic Pathways. Biosci Rep (2019) 39(5):BSR20190469. doi: 10.1042/
BSR20190469

MaY, Xia Z, Ye C, Lu C, Zhou S, Pan ], et al. AGTRI Promotes Lymph Node
Metastasis in Breast Cancer by Upregulating CXCR4/SDF-10. and Inducing
Cell Migration and Invasion. Aging (Albany NY) (2019) 11(12):3969-92.
doi: 10.18632/aging.102032

Lee M, Shorthouse D, Mahen R, Hall BA, Venkitaraman AR. Cancer-Causing
BRCA2 Missense Mutations Disrupt an Intracellular Protein Assembly
Mechanism to Disable Genome Maintenance. Nucleic Acids Res (2021) 49
(10):5588-604. doi: 10.1093/nar/gkab308

Pritchard CC, Mateo J, Walsh MF, De Sarkar N, Abida W, Beltran H, et al.
Inherited DNA-Repair Gene Mutations in Men With Metastatic Prostate
Cancer. N Engl ] Med (2016) 375(5):443-53. doi: 10.1056/NEJMoal603144
Castro E, Romero-Laorden N, Del Pozo A, Lozano R, Medina A, Puente J,
et al. PROREPAIR-B: A Prospective Cohort Study of the Impact of Germline
DNA Repair Mutations on the Outcomes of Patients With Metastatic
Castration-Resistant Prostate Cancer. J Clin Oncol (2019) 37(6):490-503.
doi: 10.1200/JC0O.18.00358

Castro E, Goh C, Leongamornlert D, Saunders E, Tymrakiewicz M, Dadaev T,
et al. Effect of BRCA Mutations on Metastatic Relapse and Cause-Specific
Survival After Radical Treatment for Localised Prostate Cancer. Eur Urol
(2015) 68(2):186-93. doi: 10.1016/j.eururo.2014.10.022

Armenia J, Wankowicz SAM, Liu D, Gao J, Kundra R, Reznik E, et al. The
Long Tail of Oncogenic Drivers in Prostate Cancer. Nat Genet (2018) 50
(5):645-51. doi: 10.1038/s41588-018-0078-z

Clermont PL, Crea F, Chiang YT, Lin D, Zhang A, Wang JZ, et al.
Identification of the Epigenetic Reader CBX2 as a Potential Drug Target in
Advanced Prostate Cancer. Clin Epigenet (2016) 8:16. doi: 10.1186/s13148-
016-0182-9

Zhang Y, Chen H, Zhu H, Sun X. CBX8 Promotes Tumorigenesis and Confers
Radioresistance in Esophageal Squamous Cell Carcinoma Cells Through
Targeting APAF1. Gene (2019) 711:143949. doi: 10.1016/j.gene.2019.143949
Saha AK, Contreras-Galindo R, Niknafs YS, Iyer M, Qin T, Padmanabhan K,
et al. The Role of the Histone H3 Variant CENPA in Prostate Cancer. J Biol
Chem (2020) 295(25):8537-49. doi: 10.1074/jbc.RA119.010080

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 711258


https://doi.org/10.1136/bmjopen-2019-033944
https://doi.org/10.1016/j.clgc.2017.12.012
https://doi.org/10.2196/11191
https://doi.org/10.3390/cancers12010001
https://doi.org/10.1186/s13244-019-0795-6
https://doi.org/10.18632/oncotarget.27294
https://doi.org/10.7717/peerj.7899
https://doi.org/10.12688/f1000research.8192.1
https://doi.org/10.3389/fonc.2019.00884
https://doi.org/10.1001/jamaoncol.2019.4636
https://doi.org/10.1016/j.clgc.2019.09.006
https://doi.org/10.1002/pros.23922
https://doi.org/10.1002/cncr.32445
https://doi.org/10.1001/jamanetworkopen.2019.2589
https://doi.org/10.1111/iju.13512
https://doi.org/10.1093/annonc/mdu038
https://doi.org/10.1097/CCO.0b013e3283449400
https://doi.org/10.1517/14712598.2014.887675
https://doi.org/10.1517/14712598.2014.887675
https://doi.org/10.1634/theoncologist.2014-0105
https://doi.org/10.1586/14737140.2015.1015419
https://doi.org/10.1016/j.eururo.2020.01.033
https://doi.org/10.1016/j.eururo.2019.08.005
https://doi.org/10.2147/OTT.S197676
https://doi.org/10.1200/JCO.2003.03.024
https://doi.org/10.1200/JCO.2003.03.024
https://doi.org/10.1038/s41598-018-23697-5
https://doi.org/10.1038/s41598-018-23697-5
https://doi.org/10.1158/1078-0432.CCR-04-0894
https://doi.org/10.1002/pros.20137
https://doi.org/10.1016/j.freeradbiomed.2020.11.036
https://doi.org/10.1042/BSR20190469
https://doi.org/10.1042/BSR20190469
https://doi.org/10.18632/aging.102032
https://doi.org/10.1093/nar/gkab308
https://doi.org/10.1056/NEJMoa1603144
https://doi.org/10.1200/JCO.18.00358
https://doi.org/10.1016/j.eururo.2014.10.022
https://doi.org/10.1038/s41588-018-0078-z
https://doi.org/10.1186/s13148-016-0182-9
https://doi.org/10.1186/s13148-016-0182-9
https://doi.org/10.1016/j.gene.2019.143949
https://doi.org/10.1074/jbc.RA119.010080
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Cheng et al.

Prognostic Signature for Prostate Cancer

44. Varambally S, Dhanasekaran SM, Zhou M, Barrette TR, Kumar-Sinha C, Sanda
MG, et al. The Polycomb Group Protein EZH2 Is Involved in Progression of
Prostate Cancer. Nature (2002) 419(6907):624-9. doi: 10.1038/nature01075

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Cheng, Wang, Liu, Wu, Chen and Chen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 711258


https://doi.org/10.1038/nature01075
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Development and Verification of a Prostate Cancer Prognostic Signature Based on an Immunogenomic Landscape Analysis
	Introduction
	Materials and Methods
	Data Collection and Immune-Related Genes
	Differentially Expressed Immune-Related Gene Enrichment Analyses
	Construction and Validation of a Novel Immune-Related PCa Prognostic Signature
	Identification of Differently Expressed Transcription Factors and Construction of a Correlation Network Between TFs and IRGs
	Immune-Related PCa Prognostic Signature Evaluation
	Correlations Between the Immune-Related Risk Signature and Clinicopathologic Features
	Immunohistochemistry
	Quantitative Real-Time PCR Analysis
	Western Blotting
	Statistical Analyses

	Results
	Differentially Expressed Immune-Related Genes
	Network Analyses of TF-IRG Interactions
	Functional Annotation of Differentially Expressed IRGs
	Immune-Related Risk Signature Construction and Validation
	Evaluation of the Immune-Related PCa Prognostic Signature
	Combination of the Prognostic Signature and Clinical Parameters
	Validation of S100A2 as a Prognostic Factor

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


