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Purpose: This study aims to construct an immune-related signature to provide comprehen-
sive insights into the immune landscape of prostate cancer, which can predict biochemical
recurrence (BCR) and clinical treatment.

Methods: Based on The Cancer Genome Atlas (TCGA) dataset, a signature constructed by
DEirlncRNAs pairs was determined. The receiver operating characteristic curve analysis,
Kaplan—-Meier analysis, nomogram, and decision curve analysis were used to analyze it.
Then, immunophenoscore (IPS), immune cell infiltration, tumor mutation burden (TMB),
and immune function were investigated. Finally, we evaluated the role of the signature in
medical treatment.

Results: A signature constructed by 10 valid DEirlncRNAs pairs was identified in the
training set and validated well in the testing and entire set. The signature was a reliable
and independent prognostic indicator to predict the BCR of prostate cancer, which was better
than the clinicopathological characteristics. After dividing the patients into low- and high-
risk groups by median value, we found that the high-risk group had shorter BCR-free time
and higher TMB levels. Furthermore, the high-risk group was negatively associated with
plasma B cells and CD+8 T cells. IPS and immune functions, such as immune checkpoints
and human leukocyte antigen, were significantly different between the two groups. Low-risk
group was more sensitive to endocrine therapy and immunotherapy, while high-risk group
was more inclined to targeted drugs. Both groups had their own sensitive chemotherapy.
Conclusion: We established a novel signature to predict BCR and validated its role in the
immune landscape of prostate cancer, which could help patients receive personalized medical
treatment.
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Introduction

Prostate cancer, a high morbidity solid tumor, is the second most frequent cancer
and the fifth leading cause of cancer death among men in 2020."% Currently, the
clinical treatment for patients with localized prostate cancer usually adopts radical
prostatectomy, which provides a certain degree of relief.> However, it is not
sufficient, as about 20-40% of patients will experience biochemical prostate-
specific antigen recurrence after radical prostatectomy.” Until now, a lot of studies
have indicated that the progression of prostate cancer was affected by many factors,
such as PSA level, pathological stage, and Gleason score.”® Due to the
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heterogeneous nature and biochemical recurrence (BCR)
of prostate cancer, the existing strategies for prognosis
judgment are nuanced and varied, which fail to meet the
needs of every patient. Prostate cancer patients with BCR
are the main challenge faced by clinicians. Failure to
correctly identify these cases will lead to disease progres-
sion without the most appropriate management. New
recommendations on the prognostic models and novel
features for predicting the prognosis of prostate cancer
are urgently required for modern clinicians to man-
age BCR.

The tumor microenvironment consists of cancer cells,
stromal cells, extracellular matrix, and immune cells, such
as T lymphocytes, macrophages, and neutrophils.” It is well
known that the immune system processes and abnormal
immune response in the tumor microenvironment play
a crucial role in the recurrence, progression, and metastasis
of tumors.® Multiple characteristics had been shown to affect
the tumor microenvironment, including tumor mutation bur-
den (TMB) and human leukocyte antigen (HLA).”'' In
addition, chemotherapy, radiotherapy, and targeted drugs
could alter the tumor environment, which made the tumor
environment elusive in the treatment process.'*'> Hence, it
was essential to consider the immune-related factors asso-
ciated with the BCR of prostate cancer patients and medical
treatment.

Long noncoding RNAs (IncRNAs), accounting for
approximately 80% of the human transcriptome, refer to
a series of RNA molecules with transcripts longer than 200
nucleotides."*'> Although IncRNAs cannot code for pro-
teins, they can exert biological functions by interacting with
DNA, RNA, and proteins to regulate gene expression.'® '
Increasing research reported that IncRNAs, as new tran-
scriptional regulators, were not only related to normal life
development but also contributed to the occurrence, pro-
gression, and prognosis of human diseases.'” %> LncRNAs
were expected to be the signatures of tumor immune infil-
trates, which deserved useful predictive and prognostic
value in the diagnosis, evaluation, and treatment of cancer.
The latest research showed that IncRNA could activate the
immune system and immune response by altering the
expression of immune-related genes, and then affect the
malignant phenotype of cancer by changing the tumor
immune microenvironment.'>***” Sun et al*® identified
five immune-related IncRNAs (irlncRNAs) and constructed
a five-IncRNAs signature to predict the prognosis for renal
clear cell carcinoma. Zhu et al*’ integrated eight irlncRNAs
and clinical nomograms to evaluate the survival of patients

with esophageal squamous cell carcinoma. Therefore, it was
significant to explore irlncRNAs to predict the prognosis of
prostate cancer patients and further guide appropriate indi-
vidual treatment strategies.

In this study, we had identified a signature constructed
by 10 DEirlncRNAs pairs in the training set and validated
it well in the testing set and the entire The Cancer Genome
Atlas (TCGA) set. The signature had strong predictive
power in the BCR of prostate cancer and served as an
independent prognostic factor. Then, we found that the
signature was closely related to the clinicopathological
characteristics and was superior to the traditional clinical
features. In addition, immunophenoscore (IPS), TMB,
immune cell infiltration, and immune function were highly
correlated with the signature. Finally, this signature was
also of great value in evaluating the therapeutic effects of
chemotherapy, endocrine therapy, and targeted drug. In
summary, we established a novel signature in predicting
the BCR of prostate cancer, which might be of great help
to guide clinical treatment in the future.

Materials and Methods

Dataset Preparation

The fragments per kilobase of per million (FPKM) of
prostate cancer transcriptome and corresponding clinical
information were retrieved from the TCGA program
(https://tcga-data.nci.nih.gov/tcga/). To distinguish
between mRNAs and IncRNAs, the GTF files were down-
loaded from the
Immune-related genes (ir-genes) were extracted from the

Ensembl (http://asia.ensembl.org).

ImmPort database (http://www.immport.org). Meanwhile,

mutation data of prostate cancer patients were obtained
from the TCGA database as mutation annotation format
(MAF) files. The inclusion criteria were patients with both
BCR events and recorded BCR time. Sample with no BCR
events, no recorded BCR time, or no clinical information
were considered as exclusion criteria.

Identification of Immune-Related IncRNA

in Prostate Cancer

IrlncRNAs were identified by correlation analysis between
ir-genes and all IncRNAs (Pearson correlation coefficient
>0.5, p < 0.001). The differentially expressed irlncRNAs
were identified by limma R package setting criterion as |
logFC| > 2 along with the false discovery rate (FDR)
<0.05.%°
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Construction and Validation of the

Signature

We used the R software package “caret” to randomly
divide the entire TCGA set into a training set and
a testing set. The training set was assigned to build the
signature, and the entire set and testing set were used to
verify the established model. To construct a 0- or —1
matrix by cycling single pairs of DEirlncRNAs, if the
expression level of the previous IncRNA was higher than
the expression level of the latter IncRNA, the output was
1; otherwise, the output was 0. When the expression of
IncRNA pairs was 0 or 1, no relationship between the
pairing and BCR was considered. An effective match
was that the number of IncRNAs pairs expressing as 0 or
1 accounted for more than 20% of the total pairs. The least
absolute shrinkage and selection operator (Lasso) was
performed to further sort with 10-fold cross-validation.
Finally, the multiple stepwise Cox regression method was
used to select the DEirlncRNAs pairs for constructing the
risk model.

Prediction Analysis of the Signature

The area under curve (AUC) value of each model was
calculated and plotted as a curve. ROC curves were used
to assess the sensitivity and specificity of the model-based
approach for predicting BCR. The formula used to calcu-
late the risk score was as follows: Risk Score = ), fiSi.
The low- risk and high-risk groups were divided’%ly the
median value of risk score. The survival curves were used
to assess the BCR of low- and high-risk groups by the
method of Kaplan-Meier. The specific risk score values of
each sample in the model were visualized using R tools.
The R packages adopted in these steps included timeROC,
survival, and survminer.’! Univariate and multivariate Cox
regression analysis were used to confirm the potential of
the signature as an independent prognostic predictor.
A forest plot was used to depict the results of the
R survival packages.

Construction and Evaluation of

a Predictive Nomogram

Nomogram was set up by combining the risk score and
clinical characteristics including age, grade, and stage to
predict the BCR-free time in 1, 2, and 3 years. Calibration
curves were utilized to prove the consistency between the
actual results and the model predicted results. In order to
compare the established nomogram with the traditional

clinical factors, we also performed a decision curve analysis
(DCA) to evaluate the clinical practicality of the nomogram.

Exploration of Immune Status and IPS
Analysis

We used R package “maftools” to analyze and evaluate the
information of TMB.*? Spearman correlation analysis was
used to analyze the relationship between the risk score and
immune infiltrating cells, which was shown in the lollipop
graph. A relative immune cell abundance was assessed
from the gene expression profile using the CIBERSORT,
TIMER, CIBERSORT-ABS, QUANTISEQ,
MCPCOUNTER, XCELL, and EPIC algorithms. The
Wilcoxon sign-rank test was used to analyze the difference
in the content of immune infiltrating cells between the
low-risk group and the high-risk group, which was
shown in the box diagram. In addition, single-sample
gene set enrichment (ssGSEA) was applied to quantify
the infiltrating immune cells and the immune function
between the two groups.® The process was performed
using the R GSVA,** limma, GSEABase, ggpubr, and
reshape2 packages.

ESTIMATE
scores, and tumor purity were calculated using the
ESTIMATE algorithm. The IPS of prostate cancer patients
was obtained from the TCIA (https://tcia.at/). Determined

The stromal scores, immune scores,

by the four factors of effector cells, immunosuppressive
cells, immunomodulators, and MHC molecules, IPS was

positively correlated with immunogenicity.

Identify the Sensitivity of Medical
Treatment

We evaluated the IC50 for common agents in the TCGA
program. The difference in IC50 between the low-risk and
high-risk groups was compared by Wilcoxon signed-rank
test, and the results were shown as box plots obtained
using pRRophetic and ggplot2 of R packages.™

Statistical Analysis
All statistical analyses were applied using R version 3.6.3
(https://www.r-project.org),’® and some related packages

were applied to all statistical analyses. The mean + stan-
dard deviation was used to describe continuous variables
in a normal distribution. P < 0.05 was considered the
significantly statistical difference.
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Results

Analysis of Immune-Related IncRNAs
(irlncRNAs) and Differentially Expressed
irlncRNAs (DEirlncRNAs)

The detailed workflow of the present study is summarized
in Figure 1. First, the clinical information of a total of 499
prostate cancer samples and 52 paired adjacent normal
samples as well as their transcriptome profiling data were
obtained from TCGA database. Then, retrieving gene
transfer format (GTF) file from Ensembl, we annotated
the data and performed co-expression analysis between

known immune-related genes (ir-genes) and IncRNAs. At
last, 795 irlncRNAs were screened out by co-expression
analysis (Table S1), and then a total of 29 irlncRNAs were
identified as DEirlncRNAs (Figure 2A), of which 25 were
up-regulated and 4 were down-regulated (Figure 2B).

Constructing DEirlncRNAs Pairs as
a Prognostic Signature for Prostate

Cancer
Among 29 DEirlncRNAs, 269 pairs of effective
DEirlncRNAs were identified by the iterative loop method
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Figure | The flow diagram of this study.
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Figure 2 Construction of a prognostic signature for prostate cancer. The heatmap (A) and volcano (B) showed the DEirlncRNAs in TCGA database. (C) Process of variable

selection in LASSO regression with 10-fold cross-validation. (D) Confidence interval in every lambda of LASSO regression.

and 0 or 1 matrix screening. The entire TCGA set was rando-
mized into the training set (n = 214) and the testing set (n =
213). The clinical characteristics of both two sets are displayed
in Table 1, and no significant differences in clinical properties
were detected between them. To avoid overfitting the prog-
nostic signature, the target DEirlncRNAs pairs were selected
based on the Lasso regression model in the training set
(Figure 2C and D). The best values of the penalty parameter
were determined by 10-fold cross-validation. Then, adopting
multiple regression analysis by stepwise method, 10
DEirlncRNAs pairs were selected and included in Cox

proportional hazards models based on the BCR data of sam-
ples in the TCGA training set. (Figure S1A and B).

Evaluation of DEirlIncRNAs Pairs as

a Robust Predictive Signature in the
Training Set

Patients in the training set were divided into the low- and
high-risk groups based on the median value of the risk
score as the cut-off value. The risk curve and scatterplot
were conducted to illustrate the relationship between the
signature and BCR in the training set (Figure 3A and B).

International Journal of General Medicine 2021:14

https:

9035

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=336757.pdf
https://www.dovepress.com/get_supplementary_file.php?f=336757.pdf
https://www.dovepress.com
https://www.dovepress.com

Zhang and Luo

Dove

Table | Clinical Characteristics of Prostate Cancer Patients in Each Set

Characteristics Entire Set (n = 427) Training Set (n = 214) Testing Set (n = 213) P-value
Age (years)
<65 306 (71.7%) 148 (69.2%) 158 (74.2%) 0.250
>65 121 (28.3%) 66 (30.8%) 55 (25.8%)
Tumor Grade
GI-G3 243 (56.9%) 120 (56.1%) 123 (57.7%) 0.727
G4-G5 184 (43.1%) 94 (43.9%) 90 (42.3%)
Tumor Stage
Stage I-II 209 (48.9%) 102 (47.7%) 107 (50.2%) 0.962
Stage Ill-IV 101 (23.7%) 49 (22.9%) 52 (24.4%)
Unknown 117 (27.4%) 63 (29.4%) 54 (25.4%)
BCR status
BCR-free 369 (86.4%) 184 (86.0%) 185 (86.9%) 0.792
BCR 58 (13.6%) 30 (14.0%) 28 (13.1%)
Tumor invasion (T)
TI-2 307 (71.9%) 153 (71.5%) 154 (72.3%) 0911
T3-4 49 (11.5%) 24 (11.2%) 25 (11.7%)
Unknown 71 (16.6%) 37 (17.3%) 34 (16.0%)
Lymph node (N)
NO 304 (71.2%) 148 (69.1%) 156 (73.2%) 0.678
NI 68 (15.9%) 35 (16.4%) 33 (15.5%)
Unknown 55 (12.9%) 31 (14.5%) 24 (11.3%)
Metastasis (M)
MO 400 (93.7%) 198 (92.5%) 202 (94.8%) 0.123
Ml 3 (0.7%) 3 (1.4%) 0 (0.0%)
Unknown 24 (5.6%) 13 (6.1%) Il (5.2%)

Abbreviations: AUC, area under curve; BCR, biochemical recurrence; DEirlncRNAs, differentially expressed irlncRNAs; HLA, human leukocyte antigen; ICB, immune
checkpoint blockade; IPS, immunophenoscore; ir-genes, immune-related genes; irlncRNAs, immune-related long non-coding RNAs; mCRPC, metastatic castration-resistant
prostate cancer; ROC, receiver operating characteristic; rPFS, radiographic progression-free survival; TCGA, the Cancer Genome Atlas; TMB, tumor mutation burden.

We found that the risk coefficient and the probability of
BCR of the high-risk group were higher than those of the
low-risk group. The higher risk score meant that prostate
cancer patients were more likely to have BCR and owned
shorter BCR-free time. Then, the heatmap was to display
the expression profiles of the 10 DEirlncRNAs pairs in the
training set (Figure 3C). Kaplan—Meier survival curve
showed that the BCR-free time of the high-risk group
was significantly lower than that of the low-risk group
(Figure 3D). Furthermore, to illustrate the sensitivity and
specificity of the risk score in the training set, the time-
dependent receiver operating characteristic (ROC) analysis
was conducted. The area under the curves (AUCs) of the
signature constructed by 10 DEirlncRNAs pairs in 1, 3,
and 5 years were 0.821, 0.800, and 0.810, respectively
(Figure 3E). The hazard ratio (HR) of risk score and

95% CI were 8.102 and 3.536-18.562 in univariate Cox
regression analysis (P < 0.001) (Figure 3F). In addition,
a multivariate Cox regression analysis was conducted and
revealed that the signature (HR = 6.250, 95% CI = 2.392—
16.329, P < 0.001) was of vital significance for BCR
prediction (Figure 3G). Using univariate and multivariate
Cox regression analyses, we found that the signature was
an independent prognostic factor in the training set. The
detailed values of univariate and multivariate Cox regres-
sion analyses in the training set were recorded in Table S2.

Validation of the Signature in the Testing
Set and the Entire Set

In order to further verify the predictive ability and stability
of the signature in predicting the BCR of prostate cancer
patients, we validated it in the testing set and the entire
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Figure 3 Evaluation of a risk model for prostate cancer in the training set. (A) The risk curve of each sample reordered by risk score. (B) The scatter plot of the samples of
BCR. (C) Heatmap showed the expression profiles of the signature in the low-risk group and high-risk group. (D) Biochemical recurrence analysis for the signature. (E)
Time-dependent ROC analysis curve for the signature. (F) Forest plot for univariate Cox regression analysis. (G) Forest plot for multivariate Cox regression analysis.

TCGA set. The score distribution and survival status dia-
gram showed a significant difference in BCR between the
low- and high-risk groups, with a gradual increase in BCR
as the risk score increased (Figure 4A and B and Figure
S2A and B).
DEirlncRNAs pairs in the testing set and the entire set

The expression profiles of the 10

were depicted in the heatmap (Figures 4C and S2C).
Kaplan—Meier survival analysis of the testing set and the
entire set showed no difference with the results of the
training set: patients in the high-risk group had a worse
BCR than those in the low-risk group (Figures 4D and
S2D). Consisting with the result in the training set, the 1-,
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Figure 4 Evaluation of a risk model for prostate cancer in the testing set. (A) The risk curve of each sample reordered by risk score. (B) The scatter plot of the samples of
BCR. (C) Heatmap showed the expression profiles of the signature in the low-risk group and high-risk group. (D) Biochemical recurrence analysis for the signature. (E)
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Time-dependent ROC analysis curve for the signature. (F) Forest plot for univariate Cox regression analysis. (G) Forest plot for multivariate Cox regression analysis.

3-, and

5-years AUC of the signature in the testing set was

0.799, 0.817, and 0.775, respectively (Figure 4E). In the
end, we confirmed that the signature could act as a robust

and independent prognostic indicator for prostate cancer

patients by performing univariate and multivariate

regression analyses in the testing set and the entire set
(Figure 4F and G and Figure S2E and F). Tables S3 and
S4 documented detailed values of univariate and multi-
variate Cox regression analyses in the testing set and the

entire set.
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Correlation Between Clinical

Characteristics and the Signature

The signature served as a good predictor of BCR in prostate
cancer, and its relationship with clinical characteristics needed
further exploration. The strip chart (Figure 5A) was applied to
reveal that there are significant differences between low- and
high-risk groups in grade (P <0.001), stage (P <0.01), T stage
(P < 0.01), N stage (P < 0.05), and BCR (P < 0.001).
Furthermore, although our signature was not associated with
age, it was significantly related to the clinical characteristics,
including grade, stage, BCR, T stage, M stage, and N stage

(Figure 5B-H), suggesting it might play a crucial role in
prostate cancer progression.

In order to further verify the prognostic value and
explore the broad applicability of the signature, we con-
ducted a survival analysis through stratification analysis
between the low- and high-risk groups in the entire cohort
(Figure 6A-H). According to the subgroups divided by
age, tumor grade, and stage, the BCR-free time of the low-
risk group was longer than that of the high-risk group. In
conclusion, these results suggested that the signature might
play a key role in the oncogenesis and progression of
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Figure 6 Stratification survival analyses. (A—H) Kaplan—Meier curve analyses of BCR-free time in subgroups stratified by different clinical features.

prostate cancer and effectively determine the prognosis of
prostate cancer.

Construction and Validation of the
Prognostic Nomogram Based on the

Signature

To assess the accuracy of the signature in the entire set, the
AUC for the signature prognostic model (AUC = 0.815) was
calculated and compared with the AUC of clinical factors
(AUC of age = 0.585, AUC of grade = 0.647, AUC of stage
=0.724), which confirmed that the signature was exceptionally
reliable and better than the existing clinical characteristics
(Figure 7A). Similarly, DCA was carried out in the TCGA
entire set and suggested that the signature had excellent net
benefits, which proved that the signature has better predictive
accuracy than traditional clinical factors (Figure 7B). Next, we
constructed a nomogram to predict the 1-, 2-, and 3-year
incidence of BCR in prostate cancer patients based on risk
score and clinical characteristics (Figure 7C). Calibration plots
showed ideal agreement between observed and predicted rates
for predicting 1-, 2-, and 3-year BCR-free time for prostate
cancer patients (Figure 7D-F). Thus, these results suggested
that the signature-based nomogram with good prognostic abil-
ity could be used in clinical practice.

Somatic Mutations in Two Risk Groups of

Prostate Cancer
The somatic mutation profiles of prostate cancer patients
from the TCGA database were analyzed to provide

a comprehensive landscape of mutation profiles in the low-
and high-risk groups. The waterfall plot showed the mutation
information of the top 20 genes with the highest alteration
frequency in the two groups (Figure 8A and B). It revealed
that 42.23% of the 206 patients in the low-risk group
occurred somatic mutations, while 64.36% of the 202
patients in the high-risk group had somatic mutations.
Furthermore, after a detailed ranking of the different muta-
tion types, we found that missense mutations and single
nucleotide polymorphism (SNP) were the most primary
types c >
T transversion accounted for the most predominant of the

mutational in both groups. Besides,
single nucleotide variants (Figure 8C and D). Co-expression
analysis of these mutant genes was conducted, which repre-
sented the coincident and exclusive relationship between the
mutant genes (Figure 8E and F). Then, we proceeded to
analyze the relationship between the signature and the
TMB score. The results show that the TMB in the high-risk
group is higher than in the low-risk group (Figure 9A), and
the Pearson correlation analysis corroborated that TMB was
positively correlated with the risk score (Figure 9B). TP53
mutant is one of the most common mutant genes in prostate
cancer and can serve as a prognostic biomarker of prostate
cancer. In order to understand whether our signature predict-
ing BCR results was better than TP53 mutation status, we
defined TP53 wild and TP53 mutant in the low-risk group
and high-risk group as TP53 wild/low, TP53 wild/high, TP53
mutant/low, and TP53 mutation/high, respectively. First of
all, patients with TP53 mutation had shorter BCR-free time
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validation of the nomogram.

than patients with TP53 wild (Figure 9C). Second, patients
with TP53 mutation/high presented the worst BCR
(Figure 9D). Unexpectedly, patients with TP53 wild/high
showed worse BCR than patients with TP53 mutation/low,
which indicated that our signature could predict the BCR of
prostate cancer more effectively and was superior to TP53
mutation status.

Immune Status Analysis in Two Risk

Groups for Prostate Cancer
The signature was strongly associated with the immune
status of prostate cancer, and different immune status was

also differently expressed in low- and high-risk groups.
Based on this result, CIBERSORT and TIMER data were
further used to analyze the correlation between the signa-
ture and immune cell subtype infiltration. Spearman corre-
lation analysis was performed, and the results showed that
our signature was closely related to multiple immune cells
(Figure 10A). In addition, the different algorithms of
immune responses were depicted in the heatmap
(Figure 10B). The low-risk group exhibited significantly
higher infiltrated abundance of CD4+ T cells, CD8+
T cells, neutrophils, macrophage, myeloid dendritic cells,

B naive cells, and B cells compared to the low-risk group
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Figure 8 Landscape of mutation profiles between low- and high-risk groups. (A and B) Mutation information of the genes with high mutation frequencies in the low- and
high-risk groups. (C and D) Variant classification, variant type, SNV classification, variants in per sample, and summary of variant classification in the two groups. (E and F)
Co-expression analysis of Top 20 mutant genes in the two groups. *P< 0.05 and **P< 0.01.

(P < 0.01, Figure 10C-I). However, the low-risk group
was more negatively associated with B memory cells (P <
0.01, Figure 10J). As a representative of the tumor micro-
environment, the ESTIMATE algorithm was applied to
calculate the stromal score, immune score, ESTIMATE
score, and tumor purity (Figure S3).

Subsequently, we used the ssGSEA algorithm to evaluate
the immune cell infiltration of the low-risk and high-risk
groups of prostate cancer (Figure 11A). Meanwhile, the result
of immune function suggested that CCR, immune check-
points, HLA, MHC class I, and Parainflammation showed
significant differences (Figure 11B). Furthermore, the
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Figure 9 The relationship between TMB and the signature. (A) The level of TMB in the low- and high-risk groups. (B) Pearson correlation analysis between TMB and risk
score. (C) Kaplan—Meier curve analysis of BCR-free time for patients with TP53 wild or TP53 mutation. (D) Kaplan—-Meier curve analyses of BCR-free time for patients with

different TP53 status and risk groups. **P< 0.01.

differential analysis of the HLA genes expression and
immune checkpoint expression demonstrated distinctions in
the immune status of the two groups as well as higher HLA
gene expression in the low-risk group than in the high-risk
group (Figure 11C and D). Finally, to evaluate the potential
response of immune checkpoint blockade (ICB) for prostate
cancer patients, we explored the relationship between IPS and
our signature (Figure 11E). The IPS was higher in the low-
risk group, which appeared to have stronger immunogenicity.

Correlation Analysis of Drug Treatment
In clinical practice, chemotherapeutic and endocrine drugs
were used to treat patients with prostate cancer.’’* Using

prostate cancer data from the TCGA project, we analyzed
the relationship between the signature and the efficacy of
common chemotherapy and endocrine drugs. We found
that the endocrine drug of bicalutamide (P < 0.01,
Figure 12A) the chemotherapeutic drug of Docetaxel (P
< 0.01, Figure 12B) had a lower semi-inhibition rate
(IC50) in the low-risk group. However, the IC50 of
Mitomycin C (P < 0.01, Figure 12C), Doxorubicin (P <
0.01, Figure 12D), and Etoposide (P < 0.01, Figure 12E)
were lower in the high-risk group. Olaparib was a new
type of targeted drug that acted to block poly ADP ribose
polymerase (PARP) protein.** The high-risk group was
more sensitive to Olaparib than the low-risk group (P <
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Figure 10 Tumor immune microenvironment between low- and high-risk groups. (A) The relationship between the signature and tumor-infiltrating immune cells. (B)
Heatmap of abundance of immune cells in the low- and high-risk groups. (C-J) Correlation between the signature and the infiltration of immune cell subtypes: (C) CD4+
T cells, (D) CD8+ T cells, (E) neutrophils, (F) macrophage, (G) myeloid dendritic cells, (H) B naive cells, (I) B cells, and (J) B memory cells. **P< 0.01.

0.01, Figure 12F). Our results indicated that the signature
could provide a basis for clinical selection of endocrine
drugs, chemotherapy, and targeted drugs and offer patients
more precise treatments.

Discussion

Prostate cancer develops in the prostate gland and is one of
the most common malignant tumors in men.>*’ Early
diagnosis and timely treatment are urgent measures to
improve the curative effect of prostate cancer. Up to 40%
of patients still had BCR after radical surgery.*' Due to the
heterogeneity of tumors and the diversity of biomolecules,
the existing methods for predicting the prognosis of pros-
in this

tate cancer remained inadequate. Therefore,

research, we developed a novel signature to predict the
prognosis of prostate cancer, determine the possibility of
BCR, distinguish high-risk patients, and customize indivi-
dual medication plans for them.

In recent years, with the in-depth exploration of the
transcriptome, it has been discovered that about 4/5 of the
transcripts in the human genome are protein non-coding
genes, including IncRNAs.** The role of IncRNAs was
involved in the occurrence, development, invasion, and
metastasis of malignant tumors in many ways.**
Recent studies have focused on quantifying the expression
level of transcripts and analyzing the signal characteristics
of IncRNAs to assess the prognosis of patients with malig-
nant tumors.***’ However, in our research, for the first
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Figure Il Immune cell infiltration and immune function by ssGSEA algorithm. (A) The differences in the immune cells in the low- and high-risk groups. (B) Immune function
in the two groups. (C) The expression of HLA family in the two groups. (D) The expression of immune checkpoint in the two groups. (E) The difference analysis of IPS

between the two groups. *P< 0.05, **P< 0.01, and ***P< 0.001.

time, we constructed a signature based on the combination
of two IncRNAs without knowing the abundance of
IncRNAs, which could effectively predict the BCR of
prostate cancer.

A large number of studies have highlighted the indis-
pensable relationship between immunity and malignant
tumors, which inspired us to consider prostate cancer
from an immune perspective.**** BCR is one of the
main reasons for the death of prostate cancer patients. At
present, many studies have shown that certain immune-
related gene and protein indicators can predict the BCR of
prostate cancer. Shao et al’® constructed an immune-
related genes signature and identified the signatures that
were associated with BCR of prostate cancer. Wang et al’’
highlighted the prognostic value of serum immune-related
proteins for predicting aggressiveness, BCR, and progres-
sion of prostate cancer. Nevertheless, a growing number of
studies reported that without a mission to encode proteins,
IncRNAs were more specific than other types of markers
in indicating the actual condition of the tumor,>* which

was also in line with our results. In our study, the time-
dependent ROC curve analyses demonstrated that this
signature in predicting BCR was more reliable than current
clinical indicators. In addition, univariate and multivariate
Cox regression analyses indicated that this signature might
be superior to other clinicopathologic features and served
as a better independent factor in predicting the BCR of
prostate cancer. Besides, we constructed a nomogram and
used the calibration plots to prove that the observed rate
was consistent with the prediction rate in predicting the
clinical application of BCR. Meanwhile, the results of
DCA confirmed that the predictive power of our signature
was better than traditional clinical features. In order to
further verify the wide applicability of the signature, we
conducted a stratified survival analysis of different clinical
characteristics, which revealed that our signature could be
equally applicable to different clinical stages. In summary,
our signature could accurately and effectively predict BCR
and provide new ideas for further improving the prognosis
of prostate cancer patients.
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Figure 12 Assessment of medical treatment in low- and high-risk groups. (A—F) Correlation between the signature and the IC50 of the drugs: (A) Bicalutamide, (B)
Docetaxel, (C) Mitomycin C, (D) Doxorubicin, (E) Etoposide, and (F) Olaparib. *P< 0.05 and **P< 0.01.

In addition, we further analyzed the relationship
between tumor-infiltrating immune cells and the signature
to explore the tumor immune landscape. Weiner et al>®
reported that an increase in plasma B was independently
associated with prolonged recurrence-free survival of
prostate cancer, which might improve the clinical prog-
nosis by increasing interferon signal transduction, IgG
expression, and Natural Killer (NK) cell activity. The
immune activity and prognosis of prostate cancer were
usually related to the existence and activity of CD8 +
T cells in the tumor microenvironment.>* CD8 + T cells
were the most active lymphocytes against tumors and had
strong prognostic relevance in many solid tumors.”>>’
Consistent with our results, the high-risk group had
a higher probability of BCR while being negatively asso-
ciated with plasma B cells and CD8+ T cells. Generally,
prostate cancer is considered poorly immunogenic.’® To
date, the ICB has yet to be FDA-approved for the manage-
ment of prostate cancer, and the results of ICB clinical
trials in prostate cancer have not been satisfactory. Phase
III trials of CTLA-4 and PD-1 blockers in prostate cancer
patients did not observe any difference in overall survival
compared with placebo.’® However, only a minority of

prostate cancer patients have shown particularly good
results in immunotherapy, which might be because immu-
notherapy was tested mainly in unselected patients.®*-!
Furthermore, we identified the correlation between the
signature and immune functions such as HLA and immune
checkpoints, providing new insights into immunotherapy.
Analyzing the interaction between tumor cells and T cells
or B cells would facilitate the development of new meth-
ods for tumor diagnosis and treatment. Perhaps, we could
screen out specific prostate cancer patients to receive
immunotherapy through the signature, which would be
a new direction for prostate cancer immunotherapy in
the future.

The total number of somatic coding mutations, termed
as TMB, was associated with the emergence of new
immune antigens that induced anti-tumor.’*® TMB is
considered a predictive biomarker for cancer immunother-
apy response and its relationship with melanoma, lung
cancer, and urothelial cancer has been extensively
studied.®*®7 Moreover, the results from a clinical trial in
metastatic castration-resistant prostate cancer (mCRPC)
patients taking the drug Olaparib showed that the radio-

graphic progression-free survival (rPFS) of patients with
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BRCA or ATM mutations was more than twice that of
patients without mutations (7.4 months vs 3.6 months).®®
In our results, patients in the high-risk group had higher
TMB levels. Also, the drug sensitivity results showed that
the high-risk group was more sensitive to Olaparib than
the low-risk group. This all suggested that the patients in
the high-risk group were more likely to benefit from the
treatment with Olaparib. In short, prostate cancer patients
could get more precise treatments through our signature.
Endocrine therapy was the preferred treatment for early
prostate cancer.’” Our results indicated that the low-risk
group was more sensitive to the endocrine drug
Bicalutamide. This would help clinicians pay more attention
to the high-risk group to prevent premature progression of
CRPC. Chemotherapy was closely related to immune cell
infiltration. Studies have shown that B cells are related to the
chemotherapy resistance of prostate cancer.”’ NK cells could
death

chemotherapeutics.”' The potential synergy between che-

enhance the immunogenic cell induced by

motherapy and immune cell has been well documented,
although the exact mechanism remained to be studied.”*”*
Docetaxel is a common chemotherapeutic drug for prolong-
ing the life of metastatic CRPC patients.”* However, there is
currently no selective choice of appropriate chemotherapy
drugs for specific patients in clinical practice. Surprisingly,
our results showed that the low- and high-risk groups had
different sensitivities to different chemotherapy drugs. The
low-risk group was more sensitive to Docetaxel, but the high-
risk group was more inclined to Mitomycin C, Doxorubicin,
and Etoposide. This meant that patients, who could be
divided into specific groups by this signature, received
more suitable chemotherapy drugs. Incorporation of our sig-
nature into chemotherapy sensitivity classification might
further stratify patients with a better prognosis. This not
only facilitated the choice of clinical medication for physi-
cians but was also a boon to patients.

Conclusions

In summary, we have done a comprehensive evaluation on
the ability of the signature to predict the BCR and its role in
the immune landscape of prostate cancer. Our results pro-
vided a new approach toward new immunological research
and treatment strategies for prostate cancer patients.
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