
OR I G I N A L R E S E A R C H

MYBL2 is a Novel Independent Prognostic
Biomarker and Correlated with Immune Infiltrates
in Prostate Cancer
Meng Jiao1, Facai Zhang 2, Wei Teng3, Chengjun Zhou1

1Department of Pathology, The Second Hospital, Cheeloo College of Medicine, Shandong University, Jinan, People’s Republic of China; 2Department
of Urology, Institute of Urology, West China Hospital, Sichuan University, Chengdu, Sichuan Province, People’s Republic of China; 3College of
Business, Gachon University, Seongnam, 13120, Republic of Korea

Correspondence: Chengjun Zhou, Department of Pathology, The Second Hospital of Shandong University, 247 Beiyuan Street, Jinan, Shandong,
250033, People’s Republic of China, Email jiaomeng851@163.com

Purpose: MYB proto-oncogene like 2 (MYBL2) is a member of the MYB family of transcription factor genes and overexpressed in
many cancers. We investigated the role of MYBL2 in the malignant progression of prostate cancer (PCa) and its relationship with
immune infiltrates in PCa.
Methods: Gene expression level, clinicopathological parameters, Gene Ontology (GO) and Kyoto encyclopedia of genes and
genomes (KEGG) pathway, tumor immune infiltration analysis were based on The Cancer Genome Atlas (TCGA) dataset. Gene set
enrichment analysis (GSEA) and single-sample gene set enrichment analysis (ssGSEA) were conducted to analyze the correlation
between MYBL2 and immune infiltrates. The data processing analysis based on R language. The relationship between MYBL2
expression and immune response in PCa was analyzed on TIMER 2.0.
Results: MYBL2 was overexpressed in PCa patients, and correlated with T-stage, Gleason score, primary therapy outcome and
progress free interval (PFI) event. The multivariate Cox regression analysis revealed MYBL2 was an independent risk factor for PFI
(HR=1.250, 95% CI=1.016–1.537, p=0.035). The receiver operating characteristic (ROC) curve for MYBL2 (AUC=0.887) and
nomogram also confirmed the diagnostic value of MYBL2 in the treatment of PCa patients. Based on mRNA expression of
MYBL2, PCa patients were divided into MYBL2-high group and MYBL2-low group, and analysis of MYBL2 associated KEGG
and GO pathways using R language revealed that 6 immune-related signaling pathways were enriched in MYBL2-high expression
phenotype. GSEA analysis showed that 3 hallmark gene sets related to immune response were significantly enriched in MYBL2-high
group, ssGSEA analysis found that MYBL2 expression correlated with the expression of many tumor immune lymphocytes (CD8+T
cells, neutrophil cells, macrophage cells and so on) and immune check point inhibitors (CD276, BTLA, TNFRSF18, HAVCR2 and
CD70).
Conclusion: MYBL2 is a novel independent prognostic biomarker and MYBL2 may play a crucial role in tumor immune
microenvironment of PCa.
Keywords: prostate cancer, MYBL2, bioinformatics, prognosis, tumor immune microenvironment

Introduction
PCa is still a major cause of disease and mortality among men worldwide. Nearly 1.6 million men are diagnosed with and
366,000 men die of prostate cancer each year.1,2 PCa is a biologically heterogeneous disease and despite prostate specific
antigen (PSA) screening can identified PCa patients, many have already developed metastases at the time of
consultation.3 Currently, there is no biomarker that can accurately predicts prognosis and metastasis in PCa patients,
which delaying optimal treatment and also causing over-treatment for some patients. It is important to identify potential
micro-metastases in early stage PCa patients. Recently, an international, prospective study reported that targeted
screening (IMPACT study) may identify aggressive PCa among early-stage PCa patients with high genetic risk, thus
increasing their chances of survival, suggesting an ad hoc screening can offer a personalized screening for patients with
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already known mutation.4,5 Therefore, it remains an urgent need to identify additional key driver genes that could affect
the composition of the immune micro-environment in PCa and predict prognosis.

Recently, tumor immune microenvironment has received increasing attentions, and the infiltration of specific immune
cells in tumor is closely related to tumor proliferation, metastasis, drug resistance and prognostic outcome of patients.6–8

With some key discoveries in immune mechanisms and the emergence of advanced molecular diagnostic platforms,
immunotherapy is re-emerging as a viable option for the treatment of PCa, particularly castration resistant prostate cancer
(CRPC). Besides that, the use of immune checkpoint inhibitors has recently been successfully applied to treat many solid
tumors, including lymphoma,9 liver,10 gastrointestinal,11 and breast cancers,12 making the use of immunotherapy for PCa
a promising endeavor.13

The MYB gene family is composed of three members: MYB, MYBL1 andMYBL2, also known as c-MYB, A-MYB, and
B-MYB.14,15 In mammals,MYB expression is mainly expressed in hematopoietic cells, colonic crypts and brain,16–18 whereas
MYBL1 is expressed in several regions of the developing central nervous system, germinal B-lymphocytes and reproductive
systems.19 In contrast, MYBL2 is expressed in basically all proliferating cells, which plays important regulatory roles in cell
cycle progression, cell survival and differentiation.20,21 In the malignant transformation of tumor cells, MYBL2 mediates the
dysregulation of these properties. Indeed, MYBL2 is overexpressed in many cancers and is associated with poor patient
prognosis.22 A pan-cancer statistical and experimental analysis study showed that MYBL2 is associated with the prognosis
and immunotherapy of multiple cancers such as breast, liver and glioma, as an oncogene.23 Besides, previous study found that
MYBL2 was associated with PCa metastasis and promotes progression of CRPC, microarray-based bioinformatic analyses
revealed that MYBL2 was significantly overexpressed in prostate metastases and WISH-PC14 xenografts, derived from an
androgen-independent metastatic prostate tumor.24 Moreover, MYBL2 could promote YAP1 transcriptional activity via
modulating the activity of the Rho GTPases RhoA and LATS1 kinase in androgen-dependent PCa cells, facilitating
castration-resistant growth and metastatic capacity. Our previous study also found that miR-30a could inhibit PCa androgen
independent growth by targeting MYBL2.25,26 However, studies of MYBL2 in the immune infiltration of PCa have been
virtually unreported. For these reasons, we investigated the relationship between MYBL2 and the prognosis of PCa and its
correlation with immune infiltration using bioinformatics technology, so as to assess the value of MYBL2 as an oncogenic
element in the diagnosis of PCa.

In our study, we found that MYBL2 is upregulated in PCa, and correlated with poor clinical characteristics and risk
factors. Furthermore, MYBL2 participate in the immune response of tumor microenvironment in PCa progression. In a
nutshell, our study is a pioneering statistical analysis of MYBL2 and links the overexpression of MYBL2 and poor
survival rates in PCa, suggesting MYBL2 plays an important role in the immune infiltrates of PCa.

Materials and Methods
Patient Data Sets
MYBL2 expression data of pan-cancer and GTEx were obtained from TIMER2.0 database (http://timer.comp-genomics.
org/).The mRNA expression data of PCa datasets (551 samples, transcriptome RNA-seq data) from the cancer genome
atlas (PRAD) and clinical information were downloaded from TCGA database (https://www.cancer.gov/about-nci/
organization/ccg/research/structural-genomics/tcga). Correlation of MYBL2 with CD8+T cells, neutrophil cells, macro-
phage cells, monocyte cells, MDSCs and Tregs in PRAD was analyzed by TIMER2.0 database (http://timer.comp-
genomics.org/).

Functional Enrichment Analysis
DESeq2 package was used to explore the differential expression of mRNAs.27 The adjusted p value was applied to
correct the false positive results. Adjusted p<0.05 and |log2 (Fold Change) | >1 were defined as the thresholds for the
screening of differentially expressed genes (DEGs). “ClusterProfiler” and “org.Hs.eg.db” package were used to perform
GO and KEGG analysis.28 In the enrichment results, top 12 pathways were considered to be meaningful pathways under
the condition that adjusted p<0.05 is satisfied.
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Evaluation of Diagnostic Performance
The “pROC” and “timeROC” packages were applied to evaluate the diagnostic value of MYBL2 in the univariate logistic
regression analysis and univariate Cox regression analysis at a specific point in time. The sample status (PCa or normal
samples) and progress free status were deemed as dependent variables in the logistic regression analysis and univariate
Cox regression analysis, respectively. We could succeed to analyze and compare the diagnostic performance of MYBL2
via the areas under ROC curves (AUC).

Gene Set Enrichment Analysis (GSEA)
GSEA is a practical tool used to assess the trend in the distribution of genes of a predefined gene set ordered by their
correlation with the phenotype, so as to determine their contribution to the phenotype. In the PRAD database, PCa cases
were divided into two groups according to the median expression value of MYBL2 (MYBL2-high and MYBL2-low).
GSEA was performed to identify related gene pathways found to be correlated with MYBL2 gene expression. For each
analysis, gene set permutation was performed 1000 times. Gene sets with a normal p-value less than 5% and false
discovery rate (FDR) less than 25% were considered as significantly enriched. We chose all hallmark gene sets with
significant enrichment for MYBL2-high group and displayed gene sets enrichment plots.

Immune Cells Infiltration Analysis
Immune infiltration analysis of PRAD was performed by single-sample gene set enrichment analysis (ssGSEA) in the
“GSVA” R package.29 Then Spearman correlation was performed to explore the association of immune cells with
MYBL2 expression.

Statistical Analyses
All statistical analyses were performed with R (V 4.0.3) and R package “ggplot2”30 was used to visualize expression
differences. Mann–Whitney U-test and Wilcoxon signed rank test were used to determine the differences between PCa
tissues and adjacent normal tissues. The association between clinical features and MYBL2 expression were analyzed
using Dunn’s test, Wilcoxon rank sum test and logistic regression. Kaplan-Meier and Log rank tests were conducted with
the survminer package10 for survival analysis. Subsequently, univariate and multivariable analyses were performed using
the Cox proportional hazards regression models to verify the independent prognostic factors of MYBL2 expression. ROC
curve and time-dependent ROC curve was performed to detect the diagnostic value of MYBL2 using the “pROC” and
“timeROC” package,31 and a nomogram was constructed to predict 3-, 5- and 10-year PFI for PCa patients. The
association between MYBL2 and immune check point inhibitors were analyzed by Pearson’s test. Statistically significant
difference was considered when p<0.05.

Results
MYBL2 is Overexpressed in Prostate Cancer
First, we analysed the RNA-seq data of the GTEx and TCGA databases. It showed that there were higher MYBL2 levels
in 19 cancer samples compared to normal samples (Figure 1A), unpaired expression data analyses showed that the
mRNA expression levels of MYBL2 in PCa tissues were significantly higher than those in normal tissues (Figure 1B),
which indicated that the mRNA expression of MYBL2 was abnormally expressed across different cancer types. Then, we
analysed 52 pairs of PCa tissues obtained from the TCGA databases. The level of MYBL2 was markedly higher in PCa
tissues than in peritumoral tissues (Figure 1C). To further investigate the correlation between MYBL2 expression level
and PCa clinical characteristics, a total of 499 patients with complete clinical and survival information were acquired
from TCGA database (Table 1).

MYBL2 Correlates with Tumor Progression and Adverse Prognosis in Prostate Cancer
In order to evaluate the association between MYBL2 and clinical pathological characteristics of PCa samples, we
performed logistic regression analysis, Dunn’s test and Wilcoxon rank sum test. As shown in Table 2 and Figure 2A–D,
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higher expression levels of MYBL2 were observed in patients with high T stage (p<0.001), high Gleason score
(p<0.001), worse primary therapy outcome (p<0.001) and worse PFI (p<0.001). However, no statistically significant
correlation was found between the expression levels of MYBL2 and other clinical pathological characteristics, including
age (p=0.263), PSA level (p=0.270), N stage (p=0.023), and M stage (p=0.600). Taken together, these results suggested
that MYBL2 expression was correlated with high Gleason score, high T stage, worse primary therapy outcome and
shorter PFI.

High Expression of MYBL2 is an Independent Risk Factor for Progress Free Interval
The Kaplan-Meier survival analysis showed that high MYBL2 expression was associated with poor prognosis
(p<0.001), as shown in Figure 3A. Subgroup analysis by different clinical features demonstrated that high
MYBL2 expression was significantly associated with poor prognosis in PCa cases more than 60 years old
(p=0.026), residual tumor: R1&R2 (p<0.001), and T stage: T3&T4 (p=0.007), as shown in Figure 3B–D, which
illustrated the stability and practicability of MYBL2 for diagnosis. The Univariate Cox regression analysis
demonstrated that high MYBL2 expression was significantly correlated with shorter PFI (hazard ratio [HR]

Figure 1 The RNA-seq data of the GTEx and TCGA databases. (A) MYBL2 expression in tumor and normal tissues in TCGA and GTEx pan-cancer data (TIMER2.0). (B)
TCGA and GTEx database analysis showing MYBL2 expression in PCa samples (n=499) and normal prostate samples (n=52). (C) TCGA and GTEx database analysis showing
MYBL2 expression in 52 PCa and matched-adjacent normal samples, (***p<0.001).
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=1.620, 95% CI=1.373–1.912, p<0.001). The Multivariate Cox regression analysis confirmed MYBL2 gene
expression was an independent risk factor for PFI in PRAD (HR=1.250, 95% CI=1.016–1.537, p=0.035), as
shown in Table 3 and Figure 3E.

Table 1 The 499 Patients with Complete Clinical and Survival Information of PRAD

Characteristic Levels Overall

n 499
T stage, n (%) T2 189 (38.4%)

T3 292 (59.3%)

T4 11 (2.2%)
N stage, n (%) N0 347 (81.5%)

N1 79 (18.5%)

M stage, n (%) M0 455 (99.3%)
M1 3 (0.7%)

OS event, n (%) Alive 489 (98%)
Dead 10 (2%)

DSS event, n (%) Alive 492 (99%)

Dead 5 (1%)
PFI event, n (%) Alive 405 (81.2%)

Dead 94 (18.8%)

Gleason score, n (%) 6 46 (9.2%)
7 247 (49.5%)

8 64 (12.8%)

9 138 (27.7%)
10 4 (0.8%)

Primary therapy outcome, n (%) PD 28 (6.4%)

SD 29 (6.6%)
PR 40 (9.1%)

CR 341 (77.9%)

PSA (ng/mL), n (%) <4 415 (93.9%)
≥4 27 (6.1%)

Race, n (%) Asian 12 (2.5%)

Black or African American 57 (11.8%)
White 415 (85.7%)

Age, n (%) ≤60 224 (44.9%)

>60 275 (55.1%)
Age, median (IQR) 61 (56, 66)

Table 2 Logistic Analysis of the Association Between MYBL2 Expression and Clinical Characteristics

Characteristics Total (N) Odds Ratio (OR) P value

T stage (T3&T4 vs T2) 492 2.803 (1.928–4.103) <0.001
N stage (N1 vs N0) 426 1.695 (1.030–2.830) 0.040

M stage (M1 vs M0) 458 1.906 (0.181–41.175) 0.600
Gleason score (8and9and10 vs 6and7) 499 3.402 (2.346–4.971) <0.001
Primary therapy outcome (PR&CR vs PD&SD) 438 0.361 (0.193–0.649) <0.001
Age (>60 vs ≤60) 499 1.224 (0.860–1.744) 0.263
PSA (ng/mL) (≥4 vs <4) 442 2.679 (1.186–6.623) 0.023

Note: Bold values indicate P<0.001.
Abbreviation: OR, odds ratio.
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Diagnostic Value of MYBL2 in PCa
Next, the ROC curves were applied to evaluate the discriminative capability and diagnostic value of MYBL2 expression.
As showed in Figure 4A, the ROC curve showed that MYBL2 had an AUC value of 0.887 (95% CI: 0.827–0.947). At a
cutoff of 0.826, the sensitivity and specificity of MYBL2 were 82.7% and 84.0%, respectively. These findings indicated
that MYBL2 could be a promising biomarker to differentiate PCa tissues from normal tissues. The positive predictive
value was 35.2% and the negative predictive value was 97.9%. Furthermore, we also performed time-dependent ROC
curves and found that the AUC value of MYBL2 had relatively good performance early on, which declined over time
(Figure 4B). Then, we constructed a nomogram based on the results of the multivariate Cox proportional hazards analysis
to predict the 3-, 5-, and 10-year survival probability of patients by combining the expression level of MYBL2 with
clinical variables. The total score was 0–240, a high score indicates a lower likelihood of survival (Figure 4C).

Biological Function of MYBL2 in PCa
Next, to further confirm the underlying biological function of MYBL2 in PCa, the transcriptome data from TCGA was
analyzed by functional enrichment. Differentially expressed genes (DEGs), a popular method to explore the potential
biological role by enrichment analysis, are applied for the study. The samples of PCa were divided into two groups,
including MYBL2-high and MYBL2-low, according to the median expression level of MYBL2. Next, we compared
DEGs analysis between MYBL2-high group and MYBL2-low group with |log2FC| > 1 and adjusted P < 0.05. As shown
in the volcano plot, 1129 genes were screened out and regarded as DEGs, including 680 upregulated genes and 449
downregulated genes (Figure 5A). To further determine the potential function of MYBL2, we performed a series of
enrichment analyses, including KEGG pathways enrichment and GO biological function enrichment. The results
indicated that most of these genes were linked to the events such as regulation of humoral immune response mediated
by circulating immunoglobulin, cell cycle, retinol metabolism, ascorbate and aldarate metabolism, antigen binding,
immunoglobulin receptor binding, motor activity, immunoglobulin complex and so on. Then we found that there were 6
immune-related signaling pathways enriched in MYBL2-high expression phenotype: humoral immune response mediated
by circulating immunoglobulin, antigen binding, immunoglobulin receptor binding, immunoglobulin complex, comple-
ment activation and immunoglobulin complex, circulating protein activation cascade (Figure 5B and C). On the other
hand, we performed GSEA using the MYBL2-high data set to identify signaling pathways that were differentially
activated in PRAD. In MYBL2-high expression phenotype, 30 out of 50 gene sets were upregulated and 17 gene sets
were significantly enriched at nominal p< 0.05, NES > 1.0 and FDR value < 0.25. The significantly upregulated hallmark
gene sets involving in immune response were as follows: “HALLMARK_ALLOGRAFT_REJECTION”
“HALLMARK_INTERFERON_ALPHA_RESPONSE” and “HALLMARK_INTERFERON_GAMMA_RESPONSE”.
All enriched gene sets were shown in Table 4 and snapshot of enrichment results involving in immune response were
shown in Figure 5D–F.

Figure 2 Box plot evaluating MYBL2 expression of patients with PCa according to different clinical characteristics: (A) T stage; (B) Gleason Score; (C) Primary therapy
outcome; (D) PFI event, (ns p≥0.05, ** p<0.05, *** p<0.001).
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Figure 3 Kaplan-Meier curve for PFI in PRAD. (A) Kaplan-Meier curve for MYBL2 in all tumor patients; (B–D) Subgroup analysis for > 60 years old, Residual tumor: R1&R2,
T stage: T3&T4. (E) Forest plot of the multivariate Cox regression analysis in PRAD.
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Tumor-Infiltration Immune Cell Analysis of MYBL2 in TCGA Database
We further explored the association between MYBL2 and immune cell infiltration level quantified by ssGSEA in PRAD
using Spearman correlation. As shown in Figure 6A, high MYBL2 expression was significantly positively correlated with
infiltration levels of Treg (T cell regulatory), Th2, aDC and macrophages. To further validate our findings, the tool of
TIMER 2.0 was used to analysis. There was a significant correlation between MYBL2 expression and different types of
immune cells, including CD8+T cells (p=1.16e-06, Rho=−0.236), neutrophil cells (p=1.75e-05, Rho=0.209), macrophage
cells (p=6.11e-10, Rho=0.297), monocyte cells (p=2.66e-06, Rho=0.228), MDSCs (myeloid-derived suppressor cells)
(p=4.27e-17, Rho=0.396) and Tregs (p=4.27e-17, Rho=0.396) (Figure 6B–G). We also assess possible correlations
between 14 types of immune cells, the heatmap revealed that the ratios of different tumor-infiltration immune cells
were weakly to moderately correlated (Figure 6H).

Subsequently, to gain further insight into the relationship between MYBL2 expression and tumor-infiltrated immune
cells, the correlation between the expression of MYBL2 and that of 45 common immune check point inhibitors (ICIs)
was analyzed. In PRAD, MYBL2 expression was associated with many immune checkpoint markers, including CD276
(r=0.340, p<0.001), BTLA (r=0.291, p<0.001), TNFRSF18 (r=0.311, p<0.001), HAVCR2 (r=0.304, p<0.001) and CD70
(r=0.301, p<0.001) (Figure 7A–F).

Discussion
The incidence and mortality rate of prostate cancer in China has increased dramatically in recent years, becoming the
sixth most common malignant tumor in men and the fourth most common in mortality.32 Prostate cancer is clinically
heterogeneous, most prostate cancers progress slowly, but some grow relatively quickly and can rapidly develop bone
and lymph node metastases and become resistant to androgen deprivation therapy, resulting in CRPC, for which there is a
lack of effective treatment.3 The latter is the leading cause of death in prostate cancer patients. The molecular
heterogeneity of PCa and the heterogeneity of the microenvironmental cell population are the underlying causes of
clinical heterogeneity, which has not been systematically addressed in studies to date.33 Recent data suggested the

Table 3 Univariate and Multivariate Cox Regression Analyses of Clinical Characteristics Associated with Progress Free Interval

Characteristics Total (N) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

Age 499

≤60 224 Reference
>60 275 1.302 (0.863–1.963) 0.208

Residual tumor 468

R0 315 Reference
R1&R2 153 2.365 (1.566–3.570) <0.001 1.479 (0.894–2.445) 0.127

Gleason score 499

6and7 293 Reference
8and9and10 206 4.675 (2.957–7.391) <0.001 2.625 (1.472–4.678) 0.001
T stage 492

T2 189 Reference
T3&T4 303 3.785 (2.140–6.693) <0.001 1.500 (0.759–2.965) 0.244

Primary therapy outcome 438

PD&SD 57 Reference
PR&CR 381 0.266 (0.172–0.412) <0.001 0.610 (0.363–1.025) 0.062

MYBL2 499 1.620 (1.373–1.912) <0.001 1.250 (1.016–1.537) 0.035
PSA (ng/mL) 442
<4 415 Reference

≥4 27 4.196 (2.095–8.405) <0.001 1.913 (0.863–4.245) 0.110

Note: Bold values indicate P<0.05.
Abbreviation: CI, confidence interval.
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involvement of infiltrated immune cells and related immune checkpoint molecules in the progression of prostate cancer,
outlined the important roles of these cells and molecules in the initiation, progression, metastasis, and treatments of
PCa.34,35 In this study, we identified MYBL2 as potential prognostic biomarker for PCa and investigated the correlation
between MYBL2 and immune infiltrates in PCa.

At the year of 2020, our previous study reported that miR-30a could inhibit androgen-independent growth of PCa by
targeting MYBL2.26 In the year of 2021, Li et al found that MYBL2 expression was significantly upregulated in CRPC
tissues and controlled the development of castration resistance and metastatic relapse in PCa by modulating the Hippo-
YAP signaling pathway.25 Based on these preliminary data, we suggested that MYBL2 may be an independent risk factor
for the prognosis of PCa. In the current study, we firstly used large-scale of database resources and statistical analysis to
comprehensively and systematically demonstrate that MYBL2 was a poor prognostic factor in the malignant progression
of PCa. We analyzed the mRNA expression of MYBL2 in GTEx and TCGA database, founding that MYBL2 is
upregulated in many tumor tissues including PRAD. The upregulated mRNA expression of MYBL2 is positively
correlated with high T stage, high Gleason score, worse primary therapy outcome and worse PFI, which was broadly
in agreement with previous studies.25,36,37 In light of Kaplan-Meier curves and univariate Cox regression analysis, we
confirmed that high mRNA expression of MYBL2 is associated with shorter PFI. ROC curve analysis and multivariate

Figure 4 Diagnostic value of MYBL2 expression in PRAD. (A) ROC curve of MYBL2 in normal prostate tissue and PCa. (B) Time-dependent ROC curve of MYBL2 in
normal prostate tissue and PCa. (C) Nomogram for predicting probability of PCa patients with 3-, 5- and 10-year PFI.
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Cox proportional hazards analysis indicated that MYBL2 could be a promising diagnostic biomarker to differentiate PCa
from normal tissues in early stages of PCa and be used as an independent biomarker of poor prognosis for PCa.

Few studies have been reported on MYBL2 in the malignant progression of PCa and tumor immune microenviron-
ment. In 2010, the FDA approved for the treatment of CRPC, offering hope for the treatment of CRPC patients.38 Lou
et al demonstrated that sipuleucel T treatment recruited activated CD3+T lymphocytes to the tumor immune micro-
environment and induced a local specific T lymphocyte immune response.39 Another ICI for PCa is Ipilimumab, a
monoclonal antibody against cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), which enhances the body’s anti-
tumor immune response by increasing the proliferation and activation of T lymphocytes. It is currently approved for the
treatment of metastatic melanoma, and clinical trials are underway in PCa.40 Thus, the treatment of PCa has entered the
era of tumor immunotherapy. As the understanding of tumor immune microenvironment continues to improve, the ability
to predict and guide immunotherapeutic responses has great potential for development.41 Our founding pioneeringly
demonstrated the positive association between MYBL2 expression and tumor-infiltrating immune cells. Firstly, we
identified 1129 DEGs by comparing the two groups based on MYBL2 expression and performed GO, KEGG functional
enrichment analysis and GSEA analysis. The results suggested that MYBL2 was related to many immune infiltration-
related pathways in PCa. Furthermore, we found several tumor infiltrating immune cells like neutrophil cells, macro-
phage cells, MDSCs and Tregs were correlated with the expression of MYBL2 in PCa by using ssGSEA analysis and
TIMER2.0. Finally, we conducted correlation analysis of MYBL2 expression levels with over 40 common immune
checkpoint gene levels in PCa. Interestingly, in PRAD, MYBL2 expression was associated with many immune
checkpoint markers, including CD276, BTLA, TNFRSF18, HAVCR2 and CD70. It is important to emphasize that
both MDSC and ICIs play important roles in PCa tumor progression.42,43 Lu et al proposed that combining immune
checkpoint blockade with MDSC-targeted therapies would be a useful clinical path in the treatment of CRPC.35 Our

Figure 5 Functional inference of MYBL2 in PRAD. (A) Volcano plot analysis identifies DEGs. Red dots represent 1129 upregulated genes and blue dots represent 449
downregulated genes with the criteria set of |log2FC| > 1, adjusted p < 0.05. (B) GO term and KEGG pathways were analyzed, and 12 pathways were mapped according to
the differential expression level of MYBL2. (C) Visual network diagram of gene clusters. (D–F) Up-regulated gene sets in h.all.v7.2.symbols.gmt (Gene ontology) in the group
of high MYBL2 expression. Enrichment plot: (D) HALLMARK_ALLOGRAFT_REJECTION; (E) HALLMARK_INTERFERON_ALPHA_RESPONSE; (F)
HALLMARK_INTERFERON_GAMMA_RESPONSE.
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Table 4 Gene Sets Enriched in the MYBL2-High Expression Phenotype

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_MITOTIC_SPINDLE HALLMARK_MITOTIC_SPINDLE 197 0.636726667 2.39986986 0.00195695 0.01014199 0.00619195 1574 Tags=15%,

List=4%,

Signal=15%

NEK2/KIF4A/DLGAP5/BIRC5/

TOP2A/ESPL1/TPX2/CENPF/

ANLN/BUB1/NUSAP1/CDK1/

PLK1/KIF15/KIF2C/KIF23/

CENPE/AURKA/LMNB1/TTK/

KIF11/CCNB2/PRC1/

RACGAP1/PIF1/BRCA2/ECT2/

SMC4/NDC80/KNTC1

HALLMARK_ALLOGRAFT_REJECTION HALLMARK_ALLOGRAFT_REJECTION 198 0.516233657 1.94253885 0.00196464 0.01014199 0.00619195 7174 Tags=51%,

List=20%,

Signal=40%

CD79A/INHBA/LTB/CD80/

MMP9/SIT1/BRCA1/HLA-

DOB/CCL19/ZAP70/CXCL9/

CDKN2A/IL12B/CXCR3/

CXCL13/IL2RA/FCGR2B/

IFNG/MAP4K1/CRTAM/

IL12RB1/ITGAL/NCR1/IRF8/

IL2RG/FASLG/CD247/TRAT1/

THY1/HDAC9/PTPRC/CCL13/

F2R/CD2/CD4/ITGB2/IRF4/

GZMA/NCF4/HLA-DQA1/

IL16/IL2RB/SPI1/CD3G/CD3D/

CD86/CD3E/IGSF6/HLA-DRA/

CCL22/DEGS1/LCK/BCAT1/

WAS/FYB1/F2/CD40LG/

CD96/CTSS/HLA-DMB/LY86/

CFP/ST8SIA4/ITK/CCR5/

ICOSLG/CD8B/TLR6/HCLS1/

CCR1/GPR65/CD1D/LYN/

PRKCG/HLA-DMA/TGFB1/

TRAF2/IL11/RIPK2/CD8A/

ACHE/MRPL3/CCR2/CCL11/

STAT1/CD74/PRF1/RPS19/

NCK1/TPD52/NPM1/HIF1A/

NME1/IRF7/HLA-DOA/TNF/

IKBKB/STAT4/ABCE1/CD28
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_E2F_TARGETS HALLMARK_E2F_TARGETS 199 0.771367782 2.89962661 0.00196464 0.01014199 0.00619195 3740 Tags=48%,

List=11%,

Signal=43%

KIF18B/KIF4A/DLGAP5/

BIRC5/TOP2A/RRM2/MELK/

CDC20/ESPL1/CDK1/ASF1B/

AURKB/HMMR/CDKN3/

PLK1/E2F8/SPC25/PTTG1/

SPC24/KIF2C/MKI67/DIAPH3/

TK1/TACC3/SPAG5/CDCA3/

BUB1B/ORC6/CENPE/

AURKA/UBE2T/LMNB1/

CDCA8/CIT/CENPM/TRIP13/

GINS1/CCNB2/GINS4/

RACGAP1/STMN1/EZH2/

RAD51AP1/BRCA2/MCM4/

DEPDC1/PLK4/HELLS/

MAD2L1/MXD3/CKS2/SMC4/

BRCA1/CDKN2C/KPNA2/

RNASEH2A/HMGB2/DSCC1/

CDKN2A/TCF19/CCNE1/

MCM2/UBE2S/MCM6/

DONSON/JPT1/POLD1/

CDC25A/TIMELESS/MCM7/

PCNA/CHEK1/LIG1/TMPO/

CHEK2/H2AX/WDR90/

PSMC3IP/H2AZ1/CKS1B/

DDX39A/RFC2/DCLRE1B/

HMGB3/MCM5/DNMT1/

CDC25B/BARD1/RPA3/

GINS3/RAD21/ATAD2/

NCAPD2/PRKDC/MCM3/

MSH2
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HALLMARK_G2M_CHECKPOINT HALLMARK_G2M_CHECKPOINT 198 0.759204774 2.85681638 0.00196464 0.01014199 0.00619195 3411 Tags=41%,

List=10%,

Signal=38%

UBE2C/NEK2/CENPA/KIF4A/

EXO1/PBK/BIRC5/TOP2A/

CDC20/ESPL1/TPX2/TROAP/

CENPF/POLQ/BUB1/E2F2/

NUSAP1/CDK1/RAD54L/

AURKB/HMMR/CDKN3/

PLK1/CDC45/KNL1/KIF15/

PTTG1/CCNA2/KIF2C/MKI67/

KIF23/TACC3/ORC6/CENPE/

AURKA/E2F1/LMNB1/TTK/

CDC6/KIF11/CCNB2/PRC1/

RACGAP1/STMN1/EZH2/

BRCA2/GINS2/PLK4/

MAD2L1/CKS2/SMC4/

NDC80/CDKN2C/KPNA2/

CDC7/TRAIP/STIL/MCM2/

UBE2S/SQLE/SMC2/MCM6/

CCNF/JPT1/CDC25A/KIF20B/

CHEK1/TMPO/E2F3/H2AX/

INCENP/H2AZ1/CKS1B/

DDX39A/HMGB3/MCM5/

NSD2/CDC25B/BARD1/DBF4/

FBXO5/RAD21
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_MTORC1_SIGNALING HALLMARK_MTORC1_SIGNALING 198 0.495618323 1.86496528 0.00196464 0.01014199 0.00619195 8675 Tags=49%,

List=25%,

Signal=37%

RRM2/BUB1/PLK1/AURKA/

MCM4/ELOVL6/IFI30/MCM2/

CORO1A/DHFR/SCD/SQLE/

CCNF/SLC7A11/CDC25A/

TRIB3/ITGB2/ASNS/DDX39A/

LDHA/ENO1/SHMT2/BCAT1/

TMEM97/CFP/HSPD1/CXCR4/

CTSC/COPS5/PDK1/UNG/

PPIA/PGK1/TXNRD1/PPA1/

RRP9/CCT6A/FADS1/TFRC/

DAPP1/DDIT4/NUP205/PNP/

GAPDH/SERPINH1/GMPS/

HPRT1/EPRS1/FADS2/SLC7A5/

PDAP1/PSPH/HSPE1/VLDLR/

BHLHE40/TPI1/YKT6/GPI/

PSMA3/TOMM40/PSMC2/

SRD5A1/SLA/ARPC5L/STIP1/

PFKL/MTHFD2/HMGCS1/

HMBS/P4HA1/IMMT/DHCR7/

SLC6A6/GSK3B/ALDOA/

ACTR3/IFRD1/TCEA1/

SEC11A/DHCR24/UCHL5/

ME1/DDIT3/ABCF2/PIK3R3/

CACYBP/PSMD14/TUBG1/

G6PD/ATP5MC1/RIT1/HSPA9/

POLR3G/EIF2S2/SKAP2/

CYP51A1/PSMB5
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HALLMARK_MYC_TARGETS_V1 HALLMARK_MYC_TARGETS_V1 199 0.645970595 2.42824962 0.00196464 0.01014199 0.00619195 10,468 Tags=74%,

List=30%,

Signal=52%

CDC20/CDC45/CCNA2/

TYMS/MCM4/MAD2L1/

KPNA2/MCM2/MCM6/RFC4/

CBX3/MCM7/PCNA/H2AZ1/

PABPC1/MCM5/LDHA/GLO1/

HSPD1/AIMP2/CCT5/CYC1/

MYC/COPS5/SRPK1/RRM1/

CAD/PPIA/PSMA6/CDK4/

PGK1/APEX1/CSTF2/SSBP1/

SNRPA1/RRP9/POLE3/

RANBP1/SET/SRM/NOP16/

HPRT1/EPRS1/SNRPB2/HDGF/

POLD2/PSMA7/NAP1L1/

CCT2/TFDP1/IMPDH2/

CLNS1A/LSM2/NHP2/HSPE1/

SNRPG/BUB3/CDK2/XPO1/

RAN/RAD23B/KPNB1/ILF2/

RPS3/DDX21/PPM1G/LSM7/

ODC1/PSMD3/XPOT/

HNRNPA1/NOP56/

HNRNPA2B1/NPM1/NME1/

VDAC3/GNL3/SNRPD1/

IARS1/ABCE1/RPL6/EIF3B/

SNRPD2/CCT3/IFRD1/RPLP0/

RPS2/CCT4/ERH/HDAC2/

EEF1B2/TOMM70/TRIM28/

VDAC1/SNRPD3/PSMD14/

RUVBL2/NCBP1/UBA2/VBP1/

NDUFAB1/HNRNPD/

PABPC4/AP3S1/PTGES3/

MRPL9/PSMA1/EIF2S2/PA2G4/

NCBP2/U2AF1/DHX15/

CTPS1/UBE2E1/RPS10/PSMC6/

DUT/SRSF2/ACP1/RACK1/

SRSF1/HNRNPR/YWHAQ/

FAM120A/HNRNPC/FBL/

EIF2S1/CCT7/SLC25A3/RPL14/

RSL1D1/XRCC6/PRDX3/

PRPF31/RPS5/RPS6/EXOSC7/

SNRPA/PWP1/DEK/

SMARCC1/ORC2/PSMD1/

USP1/C1QBP/PHB/PSMC4
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_MYC_TARGETS_V2 HALLMARK_MYC_TARGETS_V2 58 0.624421922 1.93348441 0.00198413 0.01014199 0.00619195 9464 Tags=66%,

List=27%,

Signal=48%

PLK1/MCM4/PLK4/CBX3/

MCM5/TMEM97/HSPD1/

AIMP2/SLC29A2/MYC/UNG/

CDK4/DCTPP1/RRP9/TFB2M/

TBRG4/SRM/NOP16/HSPE1/

IPO4/NOP56/NPM1/EXOSC5/

SLC19A1/GNL3/SUPV3L1/

PUS1/RABEPK/PRMT3/

TCOF1/LAS1L/PA2G4/

WDR74/RRP12/PES1/MRTO4/

WDR43/FARSA

HALLMARK_DNA_REPAIR HALLMARK_DNA_REPAIR 147 0.478884998 1.73377097 0.00199203 0.01014199 0.00619195 8972 Tags=39%,

List=26%,

Signal=29%

ZWINT/RAD51/TYMS/

PDE6G/FEN1/CCNO/RFC4/

POLD1/PCNA/LIG1/CMPK2/

RFC2/VPS37D/RPA3/POLB/

SAC3D1/PRIM1/POLA2/

HCLS1/RFC3/RFC5/ZNF707/

SNAPC4/ARL6IP1/POLR2K/

PNP/HPRT1/ADA/STX3/BRF2/

SDCBP/NT5C3A/POLR2H/

RALA/IMPDH2/POLD3/

CSTF3/ALYREF/SSRP1/UMPS/

NME1/RAE1/POLR1D/TAF6/

ADCY6/NELFB/POM121/

GTF3C5/GUK1/POLR2J/

NELFCD/POLA1/NCBP2/

RRM2B/DUT/UPF3B/POLE4

HALLMARK_INTERFERON_ALPHA_RESPONSE HALLMARK_INTERFERON_ALPHA_RESPONSE 97 0.50561751 1.71252763 0.00202429 0.01014199 0.00619195 9125 Tags=49%,

List=26%,

Signal=37%

OASL/SELL/ISG15/CXCL10/

IFI30/MX1/LAMP3/RSAD2/

IFI27/BST2/CMPK2/CXCL11/

OAS1/IFIT3/IFI44/IFITM1/

IFIT2/RTP4/CASP8/GBP4/

IFI44L/TRIM14/SAMD9L/

HELZ2/SAMD9/RIPK2/PARP9/

DDX60/CD74/IFIH1/RNF31/

PSMA3/IRF7/EPSTI1/PNPT1/

LY6E/CCRL2/BATF2/USP18/

PROCR/TAP1/ADAR/UBE2L6/

TRIM25/PSME2/PSMB9/

PARP12/WARS1
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HALLMARK_MYOGENESIS HALLMARK_MYOGENESIS 199 −0.696064106 −2.63749646 0.0020284 0.01014199 0.00619195 4350 Tags=48%,

List=12%,

Signal=42%

CHRNA1/PPP1R3C/KLF5/

ITGB4/LARGE1/CDKN1A/

DTNA/NAV2/REEP1/PRNP/

ENO3/BDKRB2/MEF2C/

DMPK/MYL4/FGF2/BIN1/

PDLIM7/ACTN3/SSPN/ITGA7/

MB/CASQ2/CLU/TAGLN/

SVIL/GNAO1/DMD/

GADD45B/HSPB2/TNNT2/

SH3BGR/PTGIS/CTF1/SPEG/

HBEGF/GPX3/SMTN/SCHIP1/

MYL7/SORBS1/RYR1/FST/

TNNC2/FABP3/CRYAB/SGCA/

HRC/MYOM2/MYLK/MYOZ1/

NOS1/COX7A1/TNNI2/CFD/

TPM2/DES/MYH11/FHL1/

NCAM1/EFS/HSPB8/MYH4/

CKMT2/FXYD1/MYOM1/

PYGM/ANKRD2/LDB3/

CACNG1/CASQ1/SGCG/

TNNI1/TNNC1/ACTN2/

ACTC1/TNNT3/COX6A2/

MYH3/MYH2/TCAP/MYLPF/

MYL3/CKM/CAV3/SLN/

TNNT1/MYH8/MYBPH/

CSRP3/MYF6/ACTA1/MYL1/

MYOG/MYH7/MYL2

HALLMARK_INTERFERON_GAMMA_RESPONSE HALLMARK_INTERFERON_GAMMA_RESPONSE 199 0.419162473 1.57566169 0.00589391 0.0267905 0.0163563 7035 Tags=36%,

List=20%,

Signal=29%

OASL/ISG15/GPR18/SLAMF7/

ZBP1/CXCL10/CXCL9/IFI30/

MX1/ITGB7/BANK1/RSAD2/

IDO1/FCGR1A/IFI27/BST2/

IRF8/OAS3/IRF5/CSF2RB/

MX2/CMPK2/IRF4/CXCL11/

GZMA/IFIT1/HLA-DQA1/

IL2RB/CD86/VCAM1/IFIT3/

IFI44/ST8SIA4/METTL7B/IFIT2/

IL10RA/RTP4/MARCHF1/

CASP8/GBP4/IFI44L/TRIM14/

CIITA/HLA-DMA/SAMD9L/

CASP3/TNFAIP6/SAMHD1/

HELZ2/PNP/HLA-DRB1/

RIPK2/IL18BP/DDX60/KLRK1/

NLRC5/STAT1/CD74/BPGM/

IFIH1/GCH1/RNF31/PSMA3/

MTHFD2/SRI/HIF1A/DDX58/

IRF7/EPSTI1/PNPT1/LY6E/

STAT4
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_SPERMATOGENESIS HALLMARK_SPERMATOGENESIS 134 0.425587266 1.50597592 0.00817996 0.03182281 0.01942866 4516 Tags=25%,

List=13%,

Signal=22%

NEK2/BUB1/CDK1/NCAPH/

CDKN3/KIF2C/AURKA/TTK/

CCNB2/CNIH2/EZH2/THEG/

ADAM2/ALOX15/TNNI3/

PGK2/TEKT2/CRISP2/RFC4/

GAD1/ART3/ACRV1/GFI1/

GRM8/SYCP1/DBF4/DMRT1/

TOPBP1/IL12RB2/PCSK4/

ZC2HC1C/SNAP91/CLPB

HALLMARK_GLYCOLYSIS HALLMARK_GLYCOLYSIS 199 0.386500299 1.45288224 0.00982318 0.03182281 0.01942866 8592 Tags=35%,

List=25%,

Signal=27%

CENPA/KIF20A/CDK1/

HMMR/AURKA/STMN1/

DEPDC1/LHX9/VCAN/LCT/

PPFIA4/SPAG4/CLDN9/FBP2/

STC2/EFNA3/CHST1/LDHA/

ENO1/IGFBP3/AGRN/TSTA3/

CAPN5/CXCR4/COL5A1/

ABCB6/SLC25A13/PPIA/

SLC16A3/PGK1/TGFBI/MIOX/

SDC1/B3GNT3/PFKFB1/TXN/

PAXIP1/DDIT4/HS6ST2/NASP/

MDH2/DPYSL4/VLDLR/

SLC25A10/PDK3/PKM/TPI1/

P4HA1/HS2ST1/POLR3K/

CLN6/ALDOA/BIK/TPST1/

ELF3/TALDO1/PMM2/

IL13RA1/ME1/CASP6/DLD/

RARS1/G6PD/PRPS1/

B3GALT6/SDC2/CHPF2/

SRD5A3/B4GALT2/MIF

HALLMARK_APICAL_JUNCTION HALLMARK_APICAL_JUNCTION 198 −0.381231505 −1.44191915 0.01014199 0.03182281 0.01942866 6038 Tags=25%,

List=17%,

Signal=21%

MPZL2/KRT31/NFASC/CDH3/

WNK4/AMIGO1/PTEN/

CX3CL1/CLDN11/ADRA1B/

SORBS3/PARD6G/CNN2/

PARVA/CLDN19/KCNH2/

ITGB4/CLDN14/ALOX15B/

SLIT2/IRS1/ITGA2/MAP3K20/

ACTN3/ADAMTS5/NRTN/

RRAS/VCL/NLGN3/ITGA9/

CNTN1/NEXN/NEGR1/TRO/

LAMB3/JAM3/DSC3/SPEG/

CLDN5/COL17A1/CDH8/

ACTG2/MYL9/FLNC/ACTN2/

ACTC1/COL9A1/NRAP/

ACTA1
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HALLMARK_COAGULATION HALLMARK_COAGULATION 137 0.415925927 1.48096597 0.0101626 0.03182281 0.01942866 3458 Tags=24%,

List=10%,

Signal=22%

F13B/GDA/MMP11/COMP/

MMP8/MEP1A/PROC/C9/

MMP9/CTSV/LEFTY2/APOC1/

C8A/HRG/CRIP2/FN1/ITIH1/

CPN1/F12/SERPINC1/C8B/

PLEK/OLR1/PLAT/PROZ/

HNF4A/MMP10/SERPINA1/

MMP15/PLAU/SPARC/F2/

MMP7

HALLMARK_TNFA_SIGNALING_VIA_NFKB HALLMARK_TNFA_SIGNALING_VIA_NFKB 197 −0.392096865 −1.47997736 0.0101833 0.03182281 0.01942866 6913 Tags=36%,

List=20%,

Signal=29%

KLF6/ZC3H12A/JUN/TRIP10/

LITAF/CXCL2/IER3/KLF2/

TUBB2A/NFE2L2/CEBPB/

CCL2/BCL3/DUSP2/GFPT2/

PHLDA1/RCAN1/SERPINB2/

CCN1/REL/FOSL2/NFAT5/

KLF9/CD44/G0S2/SOD2/F3/

CDKN1A/IER2/PLPP3/DUSP1/

MAFF/ETS2/NR4A2/DUSP5/

IL6ST/DNAJB4/KLF4/BCL6/

IL1A/CEBPD/PTGER4/PDE4B/

RHOB/LIF/NFIL3/EGR2/ATF3/

JUNB/IL1B/TIPARP/

GADD45B/FOS/PTX3/VEGFA/

SOCS3/EGR1/LAMB3/SGK1/

IL6/NR4A1/ZFP36/HBEGF/

PER1/BTG2/SIK1/NR4A3/

AREG/EGR3/FOSB/FOSL1

HALLMARK_PANCREAS_BETA_CELLS HALLMARK_PANCREAS_BETA_CELLS 40 0.539457618 1.54841346 0.01271186 0.03738784 0.02282626 3059 Tags=32%,

List=9%,

Signal=30%

INS/IAPP/HNF1A/NEUROG3/

SST/PDX1/PKLR/NKX6-1/

NKX2-2/PAX4/VDR/SYT13/

INSM1
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_ESTROGEN_RESPONSE_EARLY HALLMARK_ESTROGEN_RESPONSE_EARLY 199 −0.345631557 −1.30965237 0.02636917 0.06939255 0.04236598 9388 Tags=38%,

List=27%,

Signal=28%

SEC14L2/SLC22A5/ABLIM1/

CELSR2/SCNN1A/TTC39A/

INPP5F/CALCR/ITPK1/

RPS6KA2/ELF1/BLVRB/IGFBP4/

FKBP5/TPD52L1/SLC1A4/

SLC27A2/SLC7A2/PRSS23/

KLF10/RAPGEFL1/MINDY1/

OLFML3/NPY1R/CLIC3/

SEMA3B/SLC1A1/CALB2/

CYP26B1/ENDOD1/SYNGR1/

RHOBTB3/RET/CELSR1/

DLC1/CBFA2T3/TFF1/TPBG/

FHL2/AQP3/WFS1/CD44/

NAV2/REEP1/KLK10/SULT2B1/

MAST4/BCL2/SLC24A3/IL6ST/

MYOF/KLF4/HR/GJA1/THSD4/

FOXC1/SVIL/MPPED2/TIPARP/

FOS/PGR/ABAT/GFRA1/

P2RY2/ZNF185/GREB1/TFF3/

NBL1/CCN5/AREG/HSPB8/

KRT15/EGR3/MSMB/KRT13

HALLMARK_KRAS_SIGNALING_DN HALLMARK_KRAS_SIGNALING_DN 198 −0.342076148 −1.29382315 0.02636917 0.06939255 0.04236598 5067 Tags=31%,

List=14%,

Signal=26%

SERPINB2/SIDT1/EGF/

WNT16/CHRNG/PRKN/

TGM1/MYO15A/GPR3/

TENT5C/PRODH/CHST2/

CPA2/EFHD1/ADRA2C/

NR4A2/PKP1/TCF7L1/TSHB/

CYP39A1/COPZ2/ITGB1BP2/

KRT4/NTF3/FSHB/SCGB1A1/

RYR2/TENM2/DLK2/PROP1/

PLAG1/LGALS7/ARPP21/

YBX2/FGF16/SGK1/SLC6A3/

EPHA5/KRT5/BTG2/OXT/

RYR1/TFCP2L1/KCNMB1/

PAX3/SPRR3/NOS1/CNTFR/

MYOT/TG/HTR1B/KRT15/

P2RX6/PNMT/CACNG1/

DCC/KRT13/ACTC1/SMPX/

CKM/MYH7
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HALLMARK_HYPOXIA HALLMARK_HYPOXIA 199 −0.337649523 −1.27940719 0.03651116 0.09127789 0.05572755 5457 Tags=24%,

List=16%,

Signal=20%

CSRP2/CAVIN3/NR3C1/

TPBG/CCN1/ERRFI1/FOSL2/

PCK1/PPP1R3C/STC1/

LARGE1/F3/CDKN1A/DTNA/

ENO3/CHST2/SULT2B1/

DUSP1/MAFF/PRKCA/

GAPDHS/S100A4/PKP1/BCL2/

GCK/CHST3/CDKN1C/

NFIL3/ATF3/CAVIN1/PGF/

TIPARP/MT2A/FOS/MT1E/

VEGFA/GCNT2/ANGPTL4/

IL6/ZFP36/CAV1/SRPX/

TGFB3/CCN5/PYGM/

PPARGC1A/SLC2A5

HALLMARK_ANGIOGENESIS HALLMARK_ANGIOGENESIS 36 0.519307663 1.45642555 0.04059829 0.0966626 0.05901506 5098 Tags=39%,

List=15%,

Signal=33%

APOH/VTN/SPP1/COL5A2/

VCAN/POSTN/COL3A1/

OLR1/NRP1/VAV2/JAG1/LPL/

LUM/PTK2

HALLMARK_INFLAMMATORY_RESPONSE HALLMARK_INFLAMMATORY_RESPONSE 198 0.338469651 1.27362956 0.05697446 0.12948741 0.07905547 4148 Tags=23%,

List=12%,

Signal=20%

CCL24/ROS1/MEP1A/INHBA/

LTA/CD70/APLNR/SELL/

TNFRSF9/VIP/CXCL10/CCR7/

CXCL9/IL12B/PTGIR/MSR1/

CLEC5A/LAMP3/OLR1/BST2/

MARCO/SLAMF1/CD48/

OPRK1/CXCL11/CCL17/

SLC1A2/IL2RB/NPFFR2/

CCL22/RGS1/LCK/CYBB/

KCNA3/EBI3/GPR132/

ICOSLG/PIK3R5/IFITM1/

RASGRP1/CCL20/IL10RA/

OSM/MYC/RTP4

HALLMARK_COMPLEMENT HALLMARK_COMPLEMENT 198 0.330744044 1.24455883 0.06286837 0.13667037 0.08344086 5271 Tags=24%,

List=15%,

Signal=21%

CR2/MMP8/MMP12/SPOCK2/

C9/PCSK9/CTSV/APOC1/

PRSS3/CA2/FN1/F5/ITIH1/

SERPINC1/CP/PLEK/OLR1/

MMP13/GZMK/PLAT/HNF4A/

CR1/GZMA/SERPINA1/

MMP15/CASP10/C1QC/

FCER1G/LCK/WAS/F2/KYNU/

CD40LG/CTSS/PIK3R5/

CDK5R1/CTSC/RASGRP1/

PIK3CG/DYRK2/LYN/C1QA/

ITGAM/CASP3/DOCK10/

ADAM9/CD36/PDGFB
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Table 4 (Continued).

ID Description SetSize Enrichment

Score

NES p value p Adjust q values Rank Leading_Edge Core_Enrichment

HALLMARK_PEROXISOME HALLMARK_PEROXISOME 104 0.372440663 1.27310049 0.06910569 0.14397019 0.08789759 5088 Tags=18%,

List=15%,

Signal=16%

TOP2A/SERPINA6/UGT2B17/

DIO1/ALDH1A1/ALB/FABP6/

TTR/CACNA1B/ACSL5/

PABPC1/HSD17B11/ABCC5/

MSH2/SLC25A19/FDPS/

HSD17B4/FADS1/ABCB4

HALLMARK_IL2_STAT5_SIGNALING HALLMARK_IL2_STAT5_SIGNALING 197 0.321620489 1.21221139 0.08219178 0.16438356 0.10036049 5212 Tags=24%,

List=15%,

Signal=21%

MUC1/CDC6/EOMES/SPP1/

TNFSF11/LTB/SELL/TNFRSF9/

ICOS/CXCL10/CA2/

TNFRSF18/TNFRSF8/CCNE1/

IL2RA/SERPINC1/CTLA4/

CD79B/NRP1/CCR4/IRF8/

CD48/IRF4/IL2RB/TNFRSF4/

CD86/RHOH/BMP2/APLP1/

TLR7/TGM2/BATF/UCK2/

ALCAM/IL10RA/SLC29A2/

MYC/PHTF2/GPR65/F2RL2/

GBP4/HOPX/PDCD2L/

CASP3/GPR83/CST7/SPRY4/

PNP

HALLMARK_BILE_ACID_METABOLISM HALLMARK_BILE_ACID_METABOLISM 112 0.35099691 1.21607372 0.09054326 0.17412165 0.10630585 3446 Tags=16%,

List=10%,

Signal=15%

SERPINA6/AKR1D1/GC/

BMP6/DIO1/ALDH1A1/

HAO1/KLF1/TTR/BBOX1/

SLCO1A2/HSD3B1/ACSL5/

ABCA4/LCK/CYP8B1/

HSD17B11/ABCG8

HALLMARK_XENOBIOTIC_METABOLISM HALLMARK_XENOBIOTIC_METABOLISM 200 0.316315994 1.19132488 0.0994152 0.18410223 0.11239926 3390 Tags=17%,

List=10%,

Signal=15%

TDO2/SERPINA6/ANGPTL3/

CYP26A1/VTN/AKR1C3/

REG1A/GSTA3/TTPA/CA2/

HRG/HES6/HGFAC/DDC/

APOE/VNN1/CYP2C18/ITIH1/

HMOX1/CYP1A1/FETUB/IRF8/

GAD1/HNF4A/FMO1/FMO3/

ARG1/PTGR1/ADH1C/

SHMT2/BCAT1/TMEM97/

RAP1GAP/KYNU
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HALLMARK_UV_RESPONSE_DN HALLMARK_UV_RESPONSE_DN 144 −0.335121685 −1.21921296 0.10337972 0.18460665 0.11270722 8780 Tags=40%,

List=25%,

Signal=30%

ACVR2A/AKT3/GRK5/

SERPINE1/SPOP/CITED2/

MGMT/TGFBR2/PRDM2/

SLC22A18/NFIB/LDLR/ID1/

SMAD3/PTPN21/BMPR1A/

PMP22/ATXN1/MGLL/

ANXA4/ARHGEF9/ADGRL2/

CACNA1A/EFEMP1/SYNE1/

DLC1/PTEN/MMP16/NR3C1/

FHL2/CCN1/HAS2/BDNF/F3/

PLPP3/INPP4B/DUSP1/LPAR1/

IRS1/PRKCA/GJA1/CAP2/

RND3/MAP1B/CELF2/

KCNMA1/MAGI2/RBPMS/

TGFBR3/ITGB3/PTPRM/KIT/

MT1E/ATP2B4/SCHIP1/CAV1/

SNAI2

HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 199 0.312718712 1.17553198 0.11591356 0.19985096 0.12201427 5473 Tags=28%,

List=16%,

Signal=23%

COL11A1/CTHRC1/COMP/

THBS2/LAMA1/INHBA/

ADAM12/SPP1/COL5A2/

SFRP4/COL1A1/GREM1/FAP/

VCAN/POSTN/MATN3/

LRRC15/FN1/COL3A1/BGN/

NTM/SCG2/LOX/MCM7/

SERPINE2/THY1/WNT5A/

MGP/COL1A2/FZD8/SPARC/

CDH11/VCAM1/APLP1/MEST/

IGFBP3/TGM2/CDH2/PLOD3/

COL5A1/COL4A1/SAT1/

TGFBI/MMP3/SDC1/IL32/LUM/

COLGALT1/LAMA3/TGFB1/

SDC4/LAMC1/SERPINH1/

ELN/OXTR

HALLMARK_APICAL_SURFACE HALLMARK_APICAL_SURFACE 44 −0.415291686 −1.25536385 0.1284585 0.2140975 0.13071216 6326 Tags=41%,

List=18%,

Signal=34%

HSPB1/APP/ATP8B1/DCBLD2/

CX3CL1/SCUBE1/GATA3/

AFAP1L2/EFNA5/CD160/

AKAP7/GSTM3/SRPX/MAL/

GAS1/SLC2A4/RHCG/

ATP6V0A4

Abbreviation: NES, normalized enrichment score.
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Figure 6 Correlations of MYBL2 expression with immune infiltration level. (A) Relations between the expression of MYBL2 and 24 types of TILs in PRAD. (B–G) The
relationships between MYBL2 expression and CD8+T cells, neutrophil cells, macrophage cells, monocyte cells, MDSCs, Tregs in PRAD analyzed by the database of TIMER2.0
website. (H) Heatmap of 14 TILs in PRAD.
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study suggested a strong positive correlation between MYBL2 and the expression of both MDSC and ICIs in PCa.
Accordingly, these results strongly demonstrated that MYBL2 gene may play a crucial role in PCa tumor immune
microenvironment. It should also be admitted that the relationship between MYBL2 and immune infiltration micro-
environment of PCa has not been clarified, and our subsequent studies will continue to explore the pathways related to
MYBL2 promoting the malignant progression of PCa and its interaction with immune checkpoint markers.

Conclusion
In this study, our findings uncovered that MYBL2 could be a novel independent prognostic biomarker and correlated
with immune infiltrates in prostate cancer. The role of MYBL2 in the promotion of PCa progression needs to be
supplemented by subsequent experiments. In addition, the specific role of MYBL2 in relation to immune infiltration in

Figure 7 Correlations of MYBL2 expression with 45 immune checkpoint genes. (A) Correlation analysis of MYBL2 expression levels with 45 common immune checkpoint
gene levels in PRAD. (B–F) MYBL2 expression was positively closely related with CD276, BTLA, TNFRSF18, HAVCR2 and CD70 in PRAD.
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PCa and related functioning pathways need to be further elucidated. MYBL2 may serve as a novel prognostic biomarker
and provide an opportunity to drive the development of new immunotherapeutic strategies.
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