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Background: Prostate adenocarcinoma (PRAD) is the second most common malignancy in males and the fifth leading cause
of cancer mortality. Cancer stem cells (CSCs) play an important role in the occurrence and development of PRAD,
however, the prognostic biomarkers associated with CSC features have not been identified in PRAD.

Material/Methods: In order to identify the prognostic stemness-related genes (SRGs) of PRAD, the RNA sequencing data of pa-
tients with PRAD were retrieved from The Cancer Genome Atlas (TCGA) databases. The mRNA expression-based
stemness index (MRNAsi) and the differential expressed genes (DEGs) were evaluated and identified. The as-
sociations between the mRNAsi and tumorigenesis, overall survival (OS), prostate-specific antigen (PSA) value,
and Gleason score were also established by nonparametric test and Kaplan-Meier survival analysis. The SRGs
were identified as the overlapped DEGs of PRAD-associated DEGs and the mRNAsi-associated DEGs. Based on
the prognostic SRGs, the predict model was constructed. Its accuracy was tested by the area under the curve
(AUC) of the receiver operator characteristic (ROC) curve and the risk score.

Results: A total of 6005 PRAD-associated DEGs and 2462 mRNAsi-associated DEGs were identified. The mRNAsi was
significantly upregulated in PRAD and associated with the PSA value and Gleason score. A total of 1631 SRGs
were identified, with 36 prognostic SRGs screened by the univariate Cox analysis. Based on the prognostic
SRGs, the predict model was constructed with the AUC of 0.986. Moreover, the risk score of the model was
proved to be an independent prognostic factor, indicating its significant applicability.

Conclusions: Our data demonstrate the mRNAsi as a reliable index for the tumorigenesis, PSA value, and Gleason score of
PRAD. Additionally, this study provides a well-applied model for predicting the OS for patients with PRAD based
on prognostic SRGs.
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Material and Methods

Prostate adenocarcinoma (PRAD) is the second most common
malignancy in males and the fifth leading cause of cancer mor-
tality [1,2]. Generally, PRAD is clinically localized, and radical
prostatectomy (RP) is the standard treatment option for these
patients [3]. RP provides adequate local control and a favorable
prognosis [4]. However, many cases experience tumor recur-
rence and metastasis, in especial bone metastasis [5]. As for
patients with advanced PRAD, androgen deprivation therapy
(ADT) is usually used, however, these patients also have poor
clinical outcomes [6]. Thus, it is crucial to investigate PRAD oc-
currence and progression factors and to identify potential bio-
markers for predicting the prognosis of patients with PRAD.

Like many solid tumors, PRAD is heterogeneous, including
many types of cancer cells [7]. Generally, the differentiation of
tumor cells is initiated from a population of cancer stem cells
(CSCs). CSCs exhibit similar phenotypic and functional prop-
erties of normal stem cells, such as self-renewal and reestab-
lishing the heterogeneous tumor cell population [8]. Thus,
CSCs are significantly associated with the occurrence, devel-
opment, and treatment resistance of PRAD [9]. Identification
of CSC-associated biomarkers may predict the tumorigenesis
and prognosis of PRAD and provide CSC-based diagnostic and
therapeutic strategies [10].

Nowadays, CSC features have been explored by deep learn-
ing methods to assess the degree of oncogenic dedifferentia-
tion [11]. The DNA methylation-based stemness index (mDNAsi)
is used to reflect epigenetic features and the other mRNA ex-
pression-based stemness index (MRNASsi) is reflective of gene
expression. Both stemness indices can be related to the activ-
ity of CSCs, tumor dedifferentiation, and pathological grade.
However, the applicability of the mRNAsi in predicting the tu-
morigenesis and prognosis of PRAD has not been verified.

In this study, RNA-seq data and clinical information of PRAD
samples were collected from The Cancer Genome Atlas (TCGA)
databases. Additionally, we identified the mRNAsi and the
differential expressed genes (DEGs). The stemness-related
genes (SRGs) were identified as the overlapped DEGs of PRAD-
associated DEGs and the mRNAsi-associated DEGs. Based on
the prognostic SRGs, the predict model was constructed. Thus,
this study was the first one focused on the role of the mRNAsi
in the PRAD, and to suggest that the mRNAsi could be a reli-
able prognostic index for PRAD patients which may assist on-
cologists in clinical diagnosis and treatment.

Data acquisition

This study was approved by the Ethics Committee of the Yiling
Hospital of Yichang (No. LW2020-04-1401). The gene expres-
sion profiling of 498 primary PRAD and 52 normal solid tissue
available from the TCGA database (https://tcga-data.nci.nih.
gov) were downloaded in the formats of HTSeg-counts and
fragments per kilobase per million (FPKM). The demograph-
ics, clinical data, and prognostic follow-up information of the
PRAD patients were also acquired.

Estimation of the mRNAsi based on the gene expression
profiling

The mRNAsi have been reported by Tathiane et al., using an
algorithm named one-class logistic regression machine learn-
ing (OCLR) to define stem cell signatures of the bulk tissue
(CSCs) [11]. In this study, the mRNAsi of PRAD and normal sol-
id tissue were estimated by OCLR based on the normalized
gene expression profile [log2 (FPKM+1)]. The associations be-
tween the mRNAsi and the tumorigenesis, overall survival (0S),
prostate-specific antigen (PSA) value, and Gleason score were
also established by nonparametric test and Kaplan-Meier sur-
vival analysis.

Identification of DEGs

EdgeR method was used to identify the DEGs between 498 pri-
mary PRAD and 52 normal solid tissue. The gene with log2 fold
change (FC) 1.0 or <-1.0, and false discovery rate (FDR) value
<0.05 was defined as DEG. Besides, the PRAD samples where
the mRNAsi was greater than the median was defined as the
high stemness tumor and vice versa (the low stemness tumor).
Similarly, DEGs analysis between low and high stemness PRAD
was also conducted. Furthermore, the Gene Oncology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) function-
al enrichment analysis were utilized to explore the biological
processes and pathways that DEGs enriched.

Construction of multivariate Cox model

The SRGs were identified as the overlapped DEGs of PRAD-
associated DEGs and the mRNAsi-associated DEGs. The prog-
nostic SRGs selected by univariate Cox analysis were integrated
into multivariate model. The accuracy of the model was test-
ed by the area under the curve (AUC) of the receiver operator
characteristic (ROC) curve. A protein-protein interaction (PPI)
network were constructed based on prognostic genes in mul-
tivariate model by STRING database [12].
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Figure 1. The flowchart of all analysis process.
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Independent prognosis analysis

For each PRAD sample, the risk score was calculated by the
formula generated by the multivariate Cox model as followed:

Risk Score =p1xgene +P2xgene +B3xgene,... .+ fnxgene,

For each single PRAD sample, “n” represented the number of
prognostic gene in the multivariate model; “x” represented
the number of each patient; and “B” represented coefficient
of each prognostic gene. Additionally, the patients were divid-
ed into high and low risk group by the median of risk score.
Then, the Kaplan-Meier survival analysis was applied to pre-
dict the prognosis value of the risk group. Besides, the inde-
pendent prognosis value for the risk score was evaluated by
univariate and multivariate Cox regression analysis, corrected
by demographics, Gleason score and new tumor event during
the follow-up period.

Statistics analysis

As for descriptive statistics, meantstandard deviation was
used for the continuous variables in normal distribution while
the mean (range) was used for continuous variables in abnor-
mal distribution. In addition, categorical variables were de-
scribed by counts and percentages. The ROC curve illustrated
the sensitivity and specificity of multivariate models to predict
5-year overall mortality. R software (Institute for Statistics and
Mathematics, Vienna, Austria; www.r-project.org, version 3.6.1)
were utilized for analysis. Two-sided P value <0.05 was defined
as statistically significant for all analysis process.

Results

DEGs identification

The baseline clinical characteristics of all patients with PRAD
are summarized in Table 1 and the flowchart of this study is
shown in Figure 1. The essential characteristics of the 498 pri-
mary PRAD and 52 normal solid tissue with RNA-seq data are
summarized in Table 2.

A total of 6005 genes including 2697 downregulated genes and
3308 upregulated genes were identified as DEGs between 498
primary PRAD and 52 normal solid tissue. The heatmap and
volcano plot were presented in Figure 2A and 2B. The DEGs en-
riched in the GO term pointed to muscle system process, colla-
gen-containing extracellular matrix, and passive transmembrane
transporter activity (Figure 2C), while those enriched in KEGG
term were associated with neuroactive ligand-receptor inter-
action (Figure 2D). Similarly, 2462 genes including 2029 down-
regulated genes and 433 upregulated genes were identified as
DEGs between low and high mRNAsi PRAD. The heatmap and
volcano plot are described in Figure 3A and 3B. The stemness-
related DEGs enriched in GO (Figure 3C) and KEGG (Figure 3D)
terms also included muscle system process, collagen-contain-
ing extracellular matrix, passive transmembrane transporter
activity and neuroactive ligand-receptor interaction.

Identification of SRGs with prognostic value

As shown in Venn plot, 1631 genes between the PRAD-
associated DEGs and 2462 the mRNAsi-associated DEGs were
identified as SRGs and included in the univariate Cox analy-
sis (Figure 4A). A total of 36 SRGs with prognostic value were
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Table 1. Baseline information of patients diagnosed with PRAD.

Total patients

Variables (N=500)

Age, years

"""" Meantsd  6L01t682
© Median (ange) 61 (41-78)
Gender
 fFemale 0 (0.00%)
"""" Male 500 (100.00%)
-|- ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ot 13 (260%)
o> 10 (200%)
T2 165 (3300%)
ot 159 (3180%)
o™ 136 (720%)
BT 10 (200%)
~ Unkown 7 (140%)
N ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
w 348 (69.60%)
e 79 (15.80%)
 Unkmown 73 (14.60%)
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Total patients

Variables (N=500)

Primary diagnosis
© Adenocarcinoma,NOS 487 (97.40%)
© Adenocarcinoma with mixed subtypes 3 (0.60%)
© Infiltrating duct carcinoma, NOS 9 (1.80%)
© Mucinous adenocarcinoma 1 020%
Gleasonscore
e 45 (9.00%)
B 250 (50.00%)
s 64 (12.80%)
e 137 @ra0m)
w0 4 (080%)
T
"""" MeantsD 1861339
Median (range) (0.018'31;)3‘00)

84 (16.80%)

PRAD - prostate adenocarcinoma; SD — standard deviation; NOS — not otherwise specified; PSA — prostate-specific antigen.

identified by the univariate Cox analysis (Figure 4B). Besides,
the mRNAsi of PRAD tissues was significantly higher than
that in the normal tissues (Figure 4C, P<0.001). Additionally,
the mRNAsi was also significantly associated with the Gleason
score (Figure 4D, P<0.001) and PSA value (Figure 4E, P<0.001).
Although patients with high mRNAsi had a decreased OS com-
pared to patients with low mRNAsi, the difference was not sig-
nificant (Figure 4F, P=0.059).

The prognostic SRGs were then integrated into the multivari-
ate Cox model. The risk score distribution based on risk score
of each sample was described in the scatter plot (Figure 5A)
and risk curve (Figure 5B). The risk score was demonstrated
to be a prognostic factor for OS in the Kaplan-Meier analy-
sis (Figure 5C, P<0.001). In addition, the efficiency and resid-
ual distribution of the multivariate model was accessed by
the ROC curve (AUC=0.986) and residual plot (Figure 5D, 5E).

Independent prognosis analysis and construction of PPI
network

The risk score was also revealed to be an independently prog-
nostic indicator for patients with PRAD in univariate (hazard
ratio [HR]=1.573, 95% confidence interval [CI] (1.551-1.595),
P<0.001) (Figure 6A) and multivariate (HR=1.343, 95% ClI
(1.323-1.364), <0.001) (Figure 6B) Cox regression model was
corrected by demographics, Gleason score, and new tumor
event during the follow-up period.

A PPI network were also constructed based on prognostic SRGs
in multivariate model by STRING database to present their in-
teraction. In Figure 7, prognostic SRGs, such as KIF18B, KIF4A,
BIRC5, NCAPG, UBE2C, NEIL3, and EXO1, had a strong inter-
action relationship.

Discussion

PRAD is the second most challenging cause of cancer-related
deaths in men [1,13] and its mortality is mainly associated with
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Table 2. Essential characteristics of the primary PRAD and normal solid tissue with RNA-seq data.

Variables Total samples

(N=550)

Age, years

"""" Meantsd  6l01t682
"""" Median (range) 61 @41-78)
Gender
"""" Female 0 (000%)
CoMae 550 (100.00%)
-|- ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" a 13 36%)
"""" ™ 10 182%)
ot 164 (29.82%)
ot 158 (28.72%)
B 136 (24.73%)
"""" ™10 082%)
"""" Unknown 7 7%
"""" Normalsolid tissue 52 (9.46%)
N ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
ow 346 (6291%)
o 79 (14.36%)
 Unknown 73 (13.27%)
"""" Normalsolidtissue 52 (0.46%)

Variables Total samples

(N=550)

Primary diagnosis
© Adenocarcinoma,NOS - 485 (88.18%)
"""" Adenocarcinoma with mixed subtypes 3 (0.54%)
"""" Infiltrating duct carcinoma, NOS 9 (164%)
"""" Mucinous adenocarcinoma 1 (0.18%)
"""" Normalsolid tissue 52 (9.46%)
Gleasonscore
"""" 6 5w
R 248 (45.09%)
s 64 (1164%)
e 137 (2491%)
"""" o a7
"""" Normalsolid tissee 52 (946%)
CPsAnmgiml
"""" MeanssD 1864339
Median (range) (0.01?.3123.00)

Normal solid tissue 52 (9.46%)

PRAD - prostate adenocarcinoma; SD — standard deviation; NOS — not otherwise specified; PSA — prostate-specific antigen.

tumor progression [13]. CSCs play an important role in the oc-
currence and progression of PRAD and therapy resistance dur-
ing treatment [9,14]. Thus, there is a pressing need to explore
the prognostic SRGs which may assist oncologists in early di-
agnosis and targeted therapy. In this study, our findings first-
ly demonstrated that the mRNAsi was a reliable index which
was significantly upregulated in PRAD. Based on the prognos-
tic SRGs, we constructed a well-applied prediction model to
predict the prognosis of PRAD patients and identified the in-
teraction network of key prognostic SRGs.

CSCs possess the self-renewal properties, genomic instability,
and are regarded as the engine of tumor evolution. In tumor
metabolism of PRAD, CSCs regulate the MYC-dependent met-
abolic reprogramming by increasing the expression levels of
GLS1 glutaminase to utilize the glutamine [15,16]. The gluta-
mine utilization is also mediated by the androgen receptor (AR),

whose gene amplification or mutation works in the “andro-
gen-independent” tumor progression [17]. Thus, the CSC-
mediated androgen-resistance is associated with AR and glu-
tamine metabolism [18]. Additionally, CSCs can also induce the
epithelial-mesenchymal transition (EMT) in PRAD which is as-
sociated with the tumor metastasis [19].

As the important roles of CSCs in the tumor initiating, tumor
progression, and drug resistance of PRAD become known, iden-
tification of CSC-related signatures can be used to monitor the
tumor development, recurrence, and metastasis; predict the
prognosis of patients; and evaluate the efficacy of therapeu-
tic methods. In this study, we used the mRNAsi as the stem-
ness index of transcriptome gene expression and found that
the mRNAsi was significantly highly expressed in the PRAD
tissue samples compared with normal tissue [20]. Although
the patients with higher mRNAsi had a lower OS, due to the
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Figure 2. The results of differential expression genes analysis and functional enrichment analysis between 498 primary PRAD and 52
normal solid tissue. A total of 6005 genes including 2697 downregulated ones and 3308 upregulated ones were identified
as DEGs between 498 primary PRAD and 52 normal solid tissue, illustrating in heatmap (A) and volcano plot (B). Most
significant GO (C) and KEGG (D) terms for DEG were muscle system process, collagen—containing extracellular matrix, passive
transmembrane transporter activity, and neuroactive ligand-receptor interaction, illustrating in bubble plot. PRAD — prostate
adenocarcinoma; DEGs — differential expressed genes; GO — Gene Ontology; KEGG — Kyoto Encyclopedia of Genes and

Genomes.

favorable prognosis of patients with PRAD, the difference was
not significant (P=0.059).

It has been previously reported that the mRNAsi was relat-
ed to the biological processes which were active in CSCs and
malignant histopathological grade [11]. Besides, advanced
neoplasms were also believed to have high stemness index
(mRNASsi), because of the aggressiveness nature and dedif-
ferentiated phenotype of the metastatic and recurrent tumor
cells [21]. Moreover, the mRNAsi was also found to be related
to some novel oncogenic pathways and somatic alterations,
which demonstrate the roles of CSC in the tumorigenesis [11].

Screening of serum PSA is the conventional and convenient
method for predicting the probability of PCa and widely used

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€924543-6

in the worldwide [22]. However, its benefit is still controver-
sial, especially in the older men (>70 or 75 years) or patients
with limited life expectancy (<10 years) [23]. Gleason score is
also a reliable grading system for the aggressiveness for PRAD
and strongly predicts the prognosis of patients with PRAD [24].
The high-grade PRAD can be defined as Gleason score sum 7
or higher [22]. The evaluation of Gleason grading in predict-
ing PRAD behavior and recurrence is similar to expert patholo-
gists by the deep-learning system [25]. However, the effects of
PSA and Gleason score in PRAD prognosis are still queried by
many scientists and exploring the novel prognostic biomark-
ers is an urgent issue [26]. In this study, we found the stem-
ness index mRNAsi was also significantly associated with the
PSA value and Gleason score, which may provide a reliable in-
dex for the prognosis of PRAD.
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Figure 3. The results of differential expression genes analysis and functional enrichment analysis between low mRNAsi PRAD and high
mRNAsi PRAD. A total of 2462 genes including 2029 downregulated ones and 433 upregulated ones were identified as DEGs
between low mRNAsi PRAD and high mRNAsi PRAD, illustrating in heatmap (A) and volcano plot (B). GO (C) and KEGG (D)
terms including muscle system process, collagen—containing extracellular matrix, passive transmembrane transporter
activity and neuroactive ligand-receptor interaction were identified as significantly enriched items in stemness-related
DEGs, illustrating in bubble plot. PRAD — prostate adenocarcinoma; mRNAsi — mRNA expression-based stemness index;
DEGs - differential expressed genes; GO — Gene Ontology; KEGG — Kyoto Encyclopedia of Genes and Genomes.

In view of the important roles of CSCs in the tumorigenesis, pro-
gression, and drug resistance, we identified the key prognos-
tic SRGs, such as KIF18B, KIF4A, BIRC5, NCAPG, UBE2C, NEIL3,
and EXO1. Based on the prognostic SRGs, we built a model to
predict the OS of patients with PRAD and the model achieved
a good accuracy and applicability (AUC: 0.986). Evaluating the
prognostic factors is important for oncologists in clinical deci-
sion-marking, thus many previous studies have focused on the
identification of predictors for patients with PRAD [5,27,28].
Clinical information (such as age), blood examination (such as
PSA value), tumor characteristics (such as androgen-indepen-
dent and androgen-dependent type) and treatment methods
(such as RP and ADT) have been regarded as prognostic fac-
tors and proved to be associated with the prognosis of patients

with PRAD [28,29]. However, these clinical factors do not in-
clude the molecular biomarkers. With the well-application of
TCGA dataset, regulatory network of miRNA, mRNA, and al-
ternative splicing has been constructed and prognosis-asso-
ciated biomarkers have also been identified for patients with
PRAD [31,32]. Unfortunately, these prediction model do not
cover the CSC-related signatures and prognostic SRGs. Thus,
our study is an appropriate supplement to the existing pre-
diction models for the prognosis evaluation of PRAD patients.

Although this study was the first one which suggested good
accuracy of the mRNAsi in predicting the prognosis of PRAD
and constructed a well-applied prediction model based on the
CSC-related genes, it still possessed some shortcomings that

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€924543-7




DATABASE ANALYSIS

ZhangD. et al.:

Identification of prognostic biomarkers associated...

© Med Sci Monit, 2020; 26: €924543

A B . !
DEGNvs. T pvalue Hazard ratio :
HOXB8+ 0.03346 1.00530 (1.00041-1.01021) »
ACI06881.1  0.04445 0.95263 (0.90860-0.99880) L}
DEG low vs. high SIC51B 0.04628 0.96688 (0.93538-0.99944) |
EPGN 0.00651 1.04175 (1.01151-1.07290) 1HH
AC113383.1 0.01697 0.69838 (1.01151-1.07290) L
INSC 0.04934  0.69838(0.52012-0.93775) i
4373 1631 831 BIRCS 000107 1.01507 (1.00004-1.03032) .
(6] 0.03183 1.00058 (1.00023-1.00093) H
KIF18b 0.00005 0.99785 (0.99588-0.99981) L)
KISS1R 0.00093 1.00229 (1.00118-1.00340) .
NEIL3 0.00025 1.01055 (1.00429-1.01686) []
THRSP 0.00014 1.00932 (1.00433-1.01435) ]
KIF4A 0.00014 1.00081 (1.00039-1.00123) .
TMEM200C 0.04156 1.00120 (1.00058-1.00182) ]
UBE2C 0.00035 0.93693 (0.88003-0.99751) »
DLL3 0.01076 1.00136 (1.00061-1.00210) "
CELSR3 0.00007 1.00916 (1.00211-1.01625) ¥
LRRTM1 0.04960 1.00072 (1.00036-1.01625) ——]
C UGT2B4 001322 0.89180 (0.79547-0.99980) L]
ACO04448.2  0.00081 1.00025 (1.00005-1.00044) V——
0.8 —3.9660-16 EX01 0.00163 1.16003 (1.06347-1.26536) .
— =208 0 NCAPG 000895 1.00263 (1.00099-1.00426) »
POU4F1 0.02087 1.00165 (1.00041-1.00289) »
0.6+ . FIRRE 000176 100288 (1.00044-1.00534) 4
= - (OL9A1 0.00256 1.00722 (1.00269-1.01177) .
= 041 IFNE 0.00844 1.07891 (1.01963-1.14164) !
= MAGEA12 0.00034 1.00220 (1.00100-1.00341) .
ACO73862.5  0.04573 0.43498 (0.19222-0.98432) i
0.2 LINC01234 0.02951 1.01683 (1.00864-1.03222) [
ACO73150.1  0.00251 1.02477 (1.00864-1.04116) -
0.04 PCSK9 0.03135 1.00258 (1.00023-1.00493) ¥
’ w T (SAG1 0.00008 1.00298 (1.00150-1.00446) L]
Normal Tumor BAGE2 0.00053 1.01740 (1.00753-1.02738) o
Type TPTE 0.00030 1.02606 (1.01184-1.04047) -
UGTTA10 0.03892 1.00075 (1.00004-1.00147) .
0BP2A 0.00055 1.00965 (1.00416-1.01517) »
T T T T T } ]
00 02 04 06 08 10 12
Hazard ratio
D E F mRNAsi = high = low
Cor=0.149 (p-value=8.879e-04) Cor=0.157 (p-value=4.768e-04)
10 300/ 1.00
S
T - —— e _ 2507 2075
g g 2001 5 050
§ 8 - T g 1501 =
3 _— S 0.25
g — £ 100 £ p=0.059
g 7 e 50_ a 000
[ . . .
6l olw PP 01234567809101112131415
T T T T T T T T T T Time (years)
0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 0.4 0.5 5
<Zi 22218513487 59 42 21107 7 3 2 1 10 0
mRNAsi expression mRNAsi expression Oé Low{27123117411767 43 2114 7 5 1 1 0 0 0 0
0123456789101112131415
Time (years)

Figure 4. Identification of SRGs with prognostic value. As shown in Venn plot, 1631 DEGs between both high/low stemness tumors
and tumor/normal tissues were screened as SRGs and included in the univariate Cox analysis (A). The results of univariate
Cox analysis of SRGs with prognostic value were illustrated in the forest plot (B). Besides, significant difference in mRNAsi
between normal and tumor tissues was identified (C, P<0.001). And mRNAsi of PRAD were associated with Gleason score

(D, P<0.001), PSA value (E, P<0.001) and prognosis (F, P=0.059). SRGs — stemness-related genes; mRNAsi — mRNA expression-
based stemness index; DEGs — differential expressed genes; PRAD — prostate adenocarcinoma; PSA — prostate-specific

antigen.
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Figure 5. The model diagnosis results of multivariate Cox model constructed based on prognostic SRGs. Prognostic SRGs were
integrated into multivariate Cox model. The scatter plot (A) and risk curve (B) of the model demonstrated the risk
score distribution based on risk score of each sample. Kaplan-Meier curve suggested the prognostic value of the risk
score (C, P<0.001). And the efficiency and residual distribution of the multivariate model was accessed by the ROC curve
(AUC=0.860) and residual plot (D, E). SRGs — stemness-related genes; AUC — area under the curve; ROC — receiver operator

characteristic.
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Figure 6. Independent prognosis analysis of the risk score generated from the multivariate Cox model including prognostic

SRGs. In univariate (HR=1.573, 95% Cl (1.551-1.595), P<0.001) (A) and multivariate (HR=1.343, 95% Cl (1.323-1.364),
P<0.001) (B) Cox regression model corrected by demographics, Gleason score and new tumor event during the follow-up
period, the risk score was shown to be an independently prognostic indicator for PRAD patients. SRGs — stemness-related
genes; HR — hazard ratio; Cl — confidence interval; PRAD — prostate adenocarcinoma.
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Figure 7. The construction of the PPl network based on prognostic SRGs. PPl — protein—protein interaction; SRGs — stemness-related

genes.

warrant consideration. Firstly, all the samples involved in this
study are from America, and thus we are not quite sure about
the applicability of prediction model in European and Asian.
Second, this proposed prediction model has not been verified
by external databases. Third, the protein expression of key
prognostic SRGs have not been verified. Thus, our next study
will focus on validating the prediction model and key prog-
nostic SRGs using our own data and other public database.
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