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Background: The 5-year overall survival rate in metastatic prostate adenocarcinoma (PRAD) is extremely 
low. Genomic studies of PRAD have improved our understanding of disease biology. However, the role of 
immune checkpoint genes (ICGs) in PRAD remains unclear. 
Methods: Univariate and multivariate analyses were used to analyze genes associated with metastasis-
free survival (MFS) in The Cancer Genome Atlas (TCGA)-PRAD dataset. The expressions of ADORA2A 
and TNFRSF18 were detected via immunohistochemical assay and real-time fluorescence quantitative PCR 
(RT-PCR) assay in our in-house cohort. The expression of long non-coding RNAs (lncRNAs) AL139287.1, 
SLC9A3-AS1, and SNHG12 were detected via RT-PCR assay in our in-house cohort. Stepwise regression, 
Cox regression, and nomogram analyses were used to evaluate the prognostic role of these genes in both the 
TCGA dataset and in-house cohort. The “pRRophetic” R package was used to evaluate drug sensitivity in 
the TCGA cohort according to the gene mRNA expression level.
Results: In our study, univariate and multivariate analyses revealed that the mRNA expressions of two 
ICGs, ADORA2A and TNFRSF18, were independent factors affecting MFS in PRAD patients. A prognostic 
2-ICG model predicted the MFS of PRAD patients with medium-to-high accuracy in the TCGA dataset 
and in-house cohort. The expressions of AL139287.1, SLC9A3-AS1, and SNHG12 were correlated with 
ADORA2A and TNFRSF18. A prognostic lncRNA-ICG model predicted the MFS of PRAD patients with 
medium-to-high accuracy in the TCGA dataset and in-house cohort. In addition, correlation analyses 
between the sensitivity of doxorubicin, erlotinib, gemcitabine, or vinorelbine and AL139287.1, SLC9A3-AS1, 
SNHG12, ADORA2A, and TNFRSF18 were conducted.
Conclusions: Our results provide new targets for predicting tumor metastasis in PRAD and treating 
patients with metastatic PRAD.
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Introduction

Prostate adenocarcinoma (PRAD) is one of the most 
common cancers in men (1). It is estimated that 98% of 
patients with metastatic PRAD will have an overall survival 
of less than 5 years (2,3). Therefore, the development of 
a model to predict the metastasis-free survival (MFS) of 
PRAD patients is conducive to timely treatment.

Although many biomarkers or genetic markers have been 
identified that have the potential to predict MFS in PRAD 
patients, they have not yet been applied in clinical settings 
and are still in the molecular research stage. Therefore, 
it is important to continue investigating the genetic 
characteristics that can predict MFS in PRAD patients.

The growth and development of tumors are associated 
with immunosuppression and the ability to activate different 
immune checkpoint pathways that have immunosuppressive 
functions (4). Over the past decade, immunotherapy has 
made great strides in cancer treatment (5). However, the 
association between immune checkpoint genes (ICGs) and 
cancer is extremely complicated. The prognostic value of 
ICGs in predicting MFS in PRAD patients has not yet been 
elucidated.

In this study, a bioinformatics analysis was performed to 
investigate ICGs’ expression pattern, prognostic utility, and 
associated mechanisms in PRAD patients. Our data may 
provide additional evidence for prognostic biomarkers and 
therapeutic targets for predicting and treating metastatic 
PRAD. We present the following article in accordance with 

the TRIPOD reporting checklist (available at https://tau.
amegroups.com/article/view/10.21037/tau-22-711/rc).

Methods

Patients and datasets

We obtained the expression profiles of PRAD tumor 
samples and adjacent normal tissues from The Cancer 
Genome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/), as well as the MFS duration and status of patients 
with PRAD. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). 

Acquisition of ICGs

A hub of 60 ICGs was extracted from a previously reported 
article (6). The expression profiles of these 60 genes in 
PRAD tumor samples and adjacent normal tissue samples 
were obtained from the TCGA-PRAD dataset.

Univariate analysis

We used the “survival” R software version 4.1.3 package 
to integrate the MFS duration, MFS status, and individual 
gene expression data and evaluated the prognostic 
significance of each gene using Cox regression. R is a free 
programming language application.

Stepwise regression, Cox regression, and nomogram 
analysis

We used the “survival” R software package to integrate the 
MFS duration, MFS status, and expression of multiple genes 
and evaluated the prognostic significance of multiple genes 
using Cox regression. The risk score was also calculated.

Kaplan-Meier (KM) survival

The samples were divided into low- and high-expression 
groups according to the median gene expression or risk-
score value. KM-survival analysis was used to evaluate the 
gene expression or risk score for MFS in PRAD patients.

In-house patients and tissues

A total of 100 tumor tissues and 50 adjacent normal tissues 
from PRAD patients (55±11.6 years) who underwent 
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surgical treatment (without chemotherapy) were obtained 
from January 2020 to January 2021 in Shanghai Changhai 
Hospital. Patient outcomes were assessed by MFS survival, 
defined as the time from diagnosis to the occurrence of 
the first tumor metastasis. Written informed consent was 
obtained from all participants. The research protocol was 
approved by the Committee on Ethics of Medicine, Navy 
Medical University. 

Immunohistochemistry (IHC)

Rabbit monoclonal antibodies for ADORA2A (ab260032) 
and TNFRSF18 (ab223841) were purchased from Abcam 
(USA). After slicing into 4-µm sections, all tissues were 
deparaffinized and treated with ethylenediamine tetraacetic 
acid (EDTA) (pH 9.0) for antigen retrieval in a microwave 
for 20 min. We used an Autostainer Link 48 machine (Dako, 
Denmark A/S, Denmark) for the staining. Subsequently, 
primary antibodies for ADORA2A (rabbit monoclonal, 
1:100 dilution) and TNFRSF18 (rabbit monoclonal, 1:200 
dilution) were added to the sections, while phosphate 
buffered saline (PBS) buffer was used as a blank control 
instead of the antibody. An EnVision Flex Kit (Dako, 
Denmark A/S, Denmark) was used as the second antibody. 
Two senior pathologists examined all cases to validate the 
initial scores. The percentage of positively stained cells 
and staining scores were used to assess the IHC results 
according to the methodology described in previous articles 
(7,8). The Gene-Score = (percentage of cells of weak 
intensity ×1) + (percentage of cells of moderate intensity ×2) 
+ percentage of cells of strong intensity ×3).

Real-time fluorescence quantitative polymerase chain 
reaction (RT-PCR)

Trizol was used to extract total RNA from the tissues. 
Total RNA was reverse transcribed into cDNA using a 
RevertAidTM First Strand cDNA Synthesis Kit for qPCR 
(K1622, Genecopeia, China). A Power SYBR Green PCR 
Master Mix (4368708, Applied Biosystems, USA) was used 
for the PCR detection. All primers used in this study are 
shown in Table S1. The relative expression was calculated 
using the 2−ΔΔCt method. 

Mutation analysis

The single nucleotide variant (SNV) data from PRAD 
patients was obtained from the TCGA dataset. We divided 

the samples into low- and high-expression groups according 
to the gene expression level and then conducted an SNV 
analysis.

Drug sensitivity

According to the gene expression level, we divided the 
samples into low- and high-expression groups, and used 
the “pRRophetic” R package to predict the clinical 
chemotherapy response from the tumor gene expression 
levels (9).

Statistical analysis

The data analysis was performed using IBM®SPSS®, 
version 24.0 (IBM Corp., Armonk, NY, USA). The data are 
expressed as mean ± standard deviation. The Kruskal-Wallis 
test was used to compare data among multiple groups, and 
the Wilcoxon test was used to compare data between two 
groups. The Pearson correlation coefficient was used for 
the correlation analysis. A P value <0.05 was considered 
statistically significant. 

Results

Landscape of the expression variation and prognostic value 
of ICGs in PRAD

Compared with adjacent normal tissues, the mNRA 
expression of CD40, CX3CL1, VTCN1, EDNRB, CD274, 
IL1A, ENTPD1, TLR4, IL12A, BTN3A1, BTN3A2, IFNA1, 
LAG3, VEGFA, and TGFB1 were downregulated, while 
the mNRA expression of TNFRSF14, TNFRSF18, CTLA4, 
CD276, IL2RA, ADORA2A, CXCL10, CXCL9, CD80, 
TNFRSF9, TIGIT, CD28, ARG1, KIR2DL3, PDCD1, 
TNFRSF4, and ICAM1 were upregulated in PRAD tumor 
tissues (Figure 1A, Table S2). A KM-survival analysis was 
used to determine the effect of ICGs on MFS in PRAD 
patients, and the results showed that a high expression of 
TGFB1, ADORA2A, IL2RA, TNFRSF18, TNFRSF4, or 
CD80 was significantly positively associated with poor MFS 
in PRAD patients (Figure 1B, Table S3). 

Construction of the ADORA2A/TNFRSF18 prognostic 
gene model and the predictive nomogram

In the TCGA dataset, univariate analysis showed that the 
mRNA expression of a 6-gene cluster (TGFB1, ADORA2A, 

https://cdn.amegroups.cn/static/public/TAU-22-711-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-22-711-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-22-711-Supplementary.pdf


Ye et al. Gene signature predicts MFS1694

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(12):1691-1705 | https://dx.doi.org/10.21037/tau-22-711

Fi
gu

re
 1

 L
an

ds
ca

pe
 o

f 
th

e 
ex

pr
es

si
on

 v
ar

ia
tio

n 
an

d 
pr

og
no

st
ic

 v
al

ue
 o

f 
IC

G
s 

in
 P

R
A

D
. (

A
) 

T
he

 m
N

R
A

 e
xp

re
ss

io
n 

of
 I

C
G

s 
in

 t
um

or
 t

is
su

es
 a

nd
 a

dj
ac

en
t 

no
rm

al
 t

is
su

es
 o

f 
P

R
A

D
 in

 th
e 

T
C

G
A

-P
R

A
D

 d
at

as
et

. (
B

) K
M

 a
na

ly
si

s 
of

 th
e 

pr
og

no
st

ic
 v

al
ue

 o
f I

C
G

s 
in

 th
e 

M
FS

 o
f P

R
A

D
 p

at
ie

nt
s.

 -
, n

o 
si

gn
ifi

ca
nc

e;
 *

, P
<0

.0
5;

 *
*,

 P
<0

.0
1;

 *
**

, P
<0

.0
01

; *
**

*,
 

P
<0

.0
00

1.
 H

R
, h

az
ar

d 
ra

tio
; C

I,
 c

on
fid

en
ce

 in
te

rv
al

; F
P

K
M

, f
ra

gm
en

ts
 p

er
 k

ilo
ba

se
 m

ill
io

n;
 I

C
G

s,
 im

m
un

e 
ch

ec
kp

oi
nt

 g
en

es
; P

R
A

D
, p

ro
st

at
e 

ad
en

oc
ar

ci
no

m
a;

 T
C

G
A

, T
he

 
C

an
ce

r 
G

en
om

e 
A

tla
s;

 K
M

, K
ap

la
n-

M
ei

er
; M

FS
, m

et
as

ta
si

s-
fr

ee
 s

ur
vi

va
l.

8 6 4 2 0Relative mRNA expression [log2 (FPKM + 1)]

ADORA2A
ARG1
BTL

A BTN
3A

1 BTN
3A

2
CCL5
CD27
CD27

4 CD27
6

CD28
CD40 CD40

LG
CD70
CD80 CTL

A4 CX3C
L1 CXCL1

0 CXCL9 EDNRB ENTP
D1 GZM

A HAVCR2 HM
GB1 IC
AM

1
IC

OS IC
OSLG

ID
O1

IFN
A1 IFN
A2

IFN
G

IL1
0

IL1
2A

IL1
A

IL1
B

IL2

IL4
ITG

B2 KIR
2D

L1 KIR
2D

L3
LA

G3 PDCD1
PRF1
SELP SLA

M
F7 TG

BFB
1

TIG
IT

TL
R4
TN

F
TN

FR
SF1

4
TN

FR
SF1

8
TN

FR
SF4 TN

FR
SF9 TN
FS

F4 TN
FS

F9
VEGFA
VEGFB
VTC

N1

IL2
RA

IL1
3

G
ro

up Tu
m

or
 (N

=
49

6)

N
or

m
al

 (N
=

52
)

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

1.
00

0.
75

0.
50

0.
25

0.
00

Metastasi-free survival

Metastasi-free survival

Metastasi-free survival

Metastasi-free survival

Metastasi-free survival

Metastasi-free survival

G
ro

up
s

Groups

Groups

G
ro

up
s

G
ro

up
s

G
ro

up
s

G
ro

up
s

G
ro

up
s

H
ig

h
H

ig
h

H
ig

h
H

ig
h

H
ig

h
H

ig
h

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w

Lo
w

IL
2R

A
TG

FB
1

TN
FR

S
F1

8
TN

FR
S

F4
C

D
80

A
D

O
R

A
2A

P
=

0.
00

36

H
R

 =
0.

54
, 9

5%
 C

I: 
0.

35
, 0

.8
2

H
R

 B
v:

 h
ig

h 
<

 lo
w

H
R

 =
0.

42
, 9

5%
 C

I: 
0.

27
, 0

.6
4

H
R

 B
v:

 h
ig

h 
<

 lo
w

H
R

 =
0.

56
, 9

5%
 C

I: 
0.

37
, 0

.8
6

H
R

 B
v:

 h
ig

h 
<

 lo
w

H
R

 =
0.

57
, 9

5%
 C

I: 
0.

38
, 0

.8
7

H
R

 B
v:

 h
ig

h 
<

 lo
w

H
R

 =
0.

65
, 9

5%
 C

I: 
0.

43
, 0

.9
8

H
R

 B
v:

 h
ig

h 
<

 lo
w

H
R

 =
0.

47
, 9

5%
 C

I: 
0.

3,
 0

.7
1

H
R

 B
v:

 h
ig

h 
<

 lo
w

P
<

0.
00

01
P

=
0.

00
66

P
=

0.
00

85
P

=
0.

03
9

P
=

0.
00

03
4

0 
40

 
80

0 
40

 
80

0 
40

 
80

0 
40

 
80

0 
40

 
80

0 
40

 
80

12
0 

16
0

12
0 

16
0

12
0 

16
0

12
0 

16
0

12
0 

16
0

12
0 

16
0

M
on

th
M

on
th

M
on

th
M

on
th

M
on

th
M

on
th

A B

H
ig

h

Lo
w

H
ig

h

Lo
w

GroupsH
ig

h

Lo
w

GroupsH
ig

h

Lo
w

GroupsH
ig

h

Lo
w

GroupsH
ig

h

Lo
w



Translational Andrology and Urology, Vol 11, No 12 December 2022 1695

© Translational Andrology and Urology. All rights reserved.   Transl Androl Urol 2022;11(12):1691-1705 | https://dx.doi.org/10.21037/tau-22-711

IL2RA, TNFRSF18, TNFRSF4, and CD80) could be used 
as a clinical indicator to predict MFS in PRAD patients 
(Figure 2A). Further stepwise regression analysis showed 
that the mRNA expression of ADORA2A and TNFRSF18 
were independent predictive factors for MFS in PRAD 
patients in this 6-gene cluster (Figure 2B). A Cox regression 
analysis was performed to construct a prognostic gene 
model based on the mRNA expression of ADORA2A 
and TNFRSF18, and the risk score was calculated for the 
TCGA dataset (Figure 2C). Based on the risk score, PRAD 
patients were separated into two groups. The KM-survival 

result showed that MFS rates were worse in the high-
risk-score group compared with the low-risk-score group  
(Figure 2D). We also constructed a nomogram to predict 
the MFS probability. The predictive nomogram suggested 
that 12-, 36-, and 60-month MFS rates could be predicted 
relatively well based on the mRNA expression of ADORA2A 
and TNFRSF18 (Figure 2E,2F). 

In our in-house cohort, the IHC results showed that 
the protein expression of ADORA2A and TNFRSF18 was 
increased in PRAD tumor tissues compared with adjacent 
normal tissues (Figure 3A). A high protein expression 

Figure 2 Construction of the ADORA2A/TNFRSF18 prognostic gene model in PRAD using the TCGA dataset. (A) Univariate analysis 
predicts the ICGs on MFS of PRAD patients. (B) Stepwise regression analysis predicts the ICGs on MFS of PRAD patients. (C) 
Construction of the ADORA2A/TNFRSF18 prognostic gene model using Cox regression. (D) KM analysis of the prognostic value of the 
risk score in the MFS of PRAD patients. (E) The nomogram predicting the 12-, 36-, and 60-month MFS of PRAD patients. (F) Calibration 
curves for the nomogram. HR, hazard ratio; CI, confidence interval; L, low; H, high; ICGs, immune checkpoint genes; PRAD, prostate 
adenocarcinoma; TCGA, The Cancer Genome Atlas; KM, Kaplan-Meier; MFS, metastasis-free survival. 
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of ADORA2A  or TNFRSF18  was also significantly 
positively correlated with poorer MFS in PRAD patients  
(Figure 3B). A Cox regression analysis was performed to 
construct a prognostic gene model based on the protein 
expression of ADORA2A and TNFRSF18, and the risk score 
was calculated (Figure 3C). Based on the risk score, PRAD 

patients were separated into two groups. The KM-survival 
result showed that the MFS rates were worse for the high-
risk-score PRAD patients compared with the low-risk-
score PRAD patients (Figure 3C). We also constructed a 
nomogram to predict the MFS probability. The predictive 
nomogram suggested that the 36-month MFS rates could 

Figure 3 Construction of the ADORA2A/TNFRSF18 prognostic gene model in PRAD using the in-house cohort. (A) IHC detects the 
protein expression of ADORA2A and TNFRSF18 in the tumor tissues and adjacent normal tissues of the in-house PRAD cohort. (B) KM 
analysis evaluates the prognostic value of ADORA2A and TNFRSF18 in the MFS of PRAD patients. (C) Construction of the ADORA2A/
TNFRSF18 prognostic gene model using Cox regression. KM analysis evaluates the prognostic value of the risk score in the MFS of PRAD 
patients. (D) The nomogram predicting the 36-month MFS of PRAD patients, and the calibration curves for the nomogram. HR, hazard 
ratio; CI, confidence interval; L, low; H, high; PRAD, prostate adenocarcinoma; IHC, immunohistochemistry; KM, Kaplan-Meier; MFS, 
metastasis-free survival.
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be predicted relatively well based on the protein expression 
of ADORA2A and TNFRSF18 (Figure 3D).

Prediction of the long non-coding RNAs (lncRNAs) related 
to ADORA2A/TNFRSF18 genes and the estimation of 
their prognostic utility

According to the median ADORA2A or TNFRSF18 mRNA 
expression, PRAD patients in the TCGA dataset were 
divided into a low-ADORA2A group, a high-ADORA2A 
group, a low-TNFRSF18 group, and a high-TNFRSF18 
group. The differentially expressed (DE)-lncRNAs were 
screened between the low- and high-ADORA2A groups 
and between the low- and high-TNFRSF18  groups  
(Figure 4A). A hub of 44 DE-lncRNAs was found to 
be related to ADORA2A and TNFRSF18 (Figure 4B). 
Univariate analysis showed that the mRNA expression 
of  a  17-gene cluster (SLC9A3-AS1 ,  AL139287 .1 , 
AC110285.2, AC087741.1, SNHG1, MELTF-AS1, RP11-
258C19.7, LINC01089, AHSA2P, ASMTL-AS1, SNHG12, 
AC073869.1, NSUN5P1, AL390728.6, NAPSB, SNHG3, 
and AC132872.1) could be used as a clinical indicator to 
predict MFS in PRAD patients (Figure 4C). Further stepwise 
regression analysis of the 17-gene cluster showed that the 
mRNA expressions of AL139287.1, SLC9A3-AS1, NAPSB, 
SNHG12, and AC110285.2 could be used as independent 
predictors of MFS in PRAD patients (Figure 4D). A Cox 
regression analysis was performed to construct a prognostic 
gene model based on the mRNA expression of AL139287.1, 
SLC9A3-AS1, NAPSB, SNHG12, and AC110285.2, and 
the risk score was calculated (Figure 4E). Based on the risk 
score, PRAD patients were separated into two groups. The 
KM-survival analysis showed that the MFS rates were worse 
in the high-risk-score group compared with the low-risk-
score group (Figure 4E). We also constructed a nomogram 
to predict the MFS probability. The predictive nomogram 
suggested that 12-, 36-, and 60-month MFS rates could be 
predicted relatively well based on the mRNA expression 
of AL139287.1, SLC9A3-AS1, NAPSB, and SNHG12  
(Figure 4F). 

A Pearson correlational analysis was conducted for the 
7-gene cluster (ADORA2A, TNFRSF18, AL139287.1, 
SLC9A3-AS1 ,  NAPSB ,  SNHG12 ,  and AC110285 .2)  
(Figure 5A). Further stepwise regression analysis showed 
that the mRNA expressions of AL139287.1, SLC9A3-AS1, 
SNHG12, ADORA2A, and TNFRSF18 were independent 
predictive factors of MFS in PRAD patients (Figure 5B). 
A Cox regression analysis was performed to construct a 

prognostic gene model based on the mRNA expression 
of AL139287.1, SLC9A3-AS1, SNHG12, ADORA2A, and 
TNFRSF18, and the risk score was calculated (Figure 5C). 
Based on the risk score, PRAD patients were separated into 
two groups. The KM-survival analysis showed that the MFS 
rates were worse in the high-risk-score group compared 
with the low-risk-score group (Figure 5D). We also 
constructed a nomogram to predict the MFS probability. 
The predictive nomogram suggested that 12-, 36-, and 
60-month MFS rates could be predicted relatively well 
based on the mRNA expressions of AL139287.1, SLC9A3-
AS1, SNHG12, ADORA2A, and TNFRSF18 (Figure 5E,5F).

In our in-house cohort, the mRNA expressions of 
AL139287 .1 ,  SLC9A3-AS1 ,  SNHG12 ,  ADORA2A , 
and TNFRSF18 were detected by RT-PCR assay. The 
KM-survival analysis showed that a high expression of 
AL139287.1, SLC9A3-AS1, SNHG12, ADORA2A, or 
TNFRSF18 was significantly positively associated with poor 
MFS rates in PRAD patients (Figure 6A). A Cox regression 
analysis was performed to construct a prognostic gene 
model based on the mRNA expression of AL139287.1, 
SLC9A3-AS1, SNHG12, ADORA2A, and TNFRSF18, and 
the risk score was calculated (Figure 6B). Based on the risk 
score, PRAD patients were separated into two groups. The 
KM-survival analysis showed that the MFS rates were worse 
in the high-risk-score PRAD patients than in the low-risk-
score PRAD patients (Figure 6B). We also constructed a 
nomogram to predict the MFS probability. The predictive 
nomogram suggested that 36-month MFS rates could be 
predicted relatively well based on the mRNA expression of 
AL139287.1, SLC9A3-AS1, and TNFRSF18 (Figure 6C).

Mutation analysis of ICGs

In the TCGA dataset, the SNV mutation of USH2A, 
ABCA13 ,  and PCDH15  was increased in the high-
AL139287.1 group compared with the low-AL139287.1 
group (Figure 7A). The SNV mutation of RYR1, APC, 
RNF213, and SORCS1 was increased, while the SNV 
mutation of PTEN was reduced in the high-SHNG12 
group compared with the low-SHNG12 group (Figure 7B). 
The SNV mutation of LRP1B, ALMS1, CNTN6, SRCAP, 
LYST, UBR4, ZC3H13, and ERF was increased in the high-
SLC9A3-AS1 group compared with the low-SLC9A3-AS1 
group (Figure 7C). The SNV mutation of RYR1, MXRA5, 
SACS, DNHD1, SRCAP, LYST, and ZC3H13 was increased 
in the high-ADORA2A group compared with the low-
ADORA2A group (Figure 7D). The SNV mutation of 
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Figure 4 Construction of the lncRNA-ADORA2A/TNFRSF18 prognostic gene model in PRAD using the TCGA dataset. (A) The DE-
lncRNAs are screened between the low- and high-ADORA2A groups and the low- and high-TNFRSF18 groups using “limma” in the 
TCGA dataset. (B) Potential lncRNAs shared by ADORA2A and TNFRSF18. (C) Univariate analysis predicts the lncRNAs on MFS of 
PRAD patients. (D) Stepwise regression analysis predicts the lncRNAs on MFS of PRAD patients. (E) Construction of the lncRNA-
ADORA2A/TNFRSF18 prognostic gene model using Cox regression. KM analysis of the prognostic value of the risk score in the MFS 
of PRAD patients. (F) The nomogram predicting the 36-month MFS of PRAD patients, and the calibration curves for the nomogram. 
FDR, false discovery rate; HR, hazard ratio; CI, confidence interval; L, low; H, high; lncRNA, long non-coding RNA; PRAD, prostate 
adenocarcinoma; TCGA, The Cancer Genome Atlas; DE, differentially expressed; MFS, metastasis-free survival; KM, Kaplan-Meier.
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Figure 5 Construction of the AL139287.1/SLC9A3-AS1/SNHG12-ADORA2A/TNFRSF18 prognostic gene model in PRAD using the 
TCGA dataset. (A) The Pearson correlation analysis of the 7-gene cluster (ADORA2A, TNFRSF18, AL139287.1, SLC9A3-AS1, NAPSB, 
SNHG12, and AC110285.2). (B) Stepwise regression analysis predicts the 7-gene cluster on MFS of PRAD patients. (C) Construction of the 
lncRNAv-ADORA2A/TNFRSF18 prognostic gene model using Cox regression. (D) KM analysis of the prognostic value of the risk score in 
the MFS of PRAD patients. (E) The nomogram predicting the 36-month MFS of PRAD patients. (F) Calibration curves for the nomogram. 
-, no significance; *, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001. HR, hazard ratio; CI, confidence interval; L, low; H, high; PRAD, 
prostate adenocarcinoma; TCGA, The Cancer Genome Atlas; lncRNA, long non-coding RNA; MFS, metastasis-free survival; KM, Kaplan-
Meier.

TP53, LRP1B, CUBN, MYO3A, RNF43, MYH10, HTR1E, 
and PCDH10 was increased in the high-TNFRSF18 group 
compared with the low-TNFRSF18 group (Figure 7E). The 
SNV mutation of KMT2C, SACS, ALMS1, SRCAP, NEB, 
ZC3H13, and ERF was increased in the high-TNFRSF18 
group compared with the  low-TNFRSF18  group  
(Figure 7F).

Prediction of AL139287.1, SLC9A3-AS1, SNHG12, 
ADORA2A, and TNFRSF18 genes on drug sensitivity

Paclitaxel sensitivity (IC50) demonstrated a significant 
negative correlation with the mRNA expression of 
ADORA2A (Figure 8A). Erlotinib sensitivity (IC50) 
had a significant negative correlation with the mRNA 
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Figure 7 Mutation analysis of ICGs. AL139287.1 (A), SNHG12 (B), SLC9A3-AS1 (C), ADORA2A (D), TNFRSF18 (E), and risk-scores (F) 
calculated using AL139287.1/SNHG12/SLC9A3-AS1/ADORA2A/TNFRSF18 on the mutation of genes (top 50). ICG, immune checkpoint 
gene.

expression of TNFRSF18 (Figure 8B) and AL139287.1 
(Figure 8C). Erlotinib and vinorelbine sensitivity (IC50) 
showed a significant negative correlation with the mRNA 
expression of SLC9A3-AS1 (Figure 8D). Doxorubicin, 
erlotinib, gemcitabine, and vinorelbine sensitivity (IC50) 
demonstrated a significant negative correlation with the 
mRNA expression of SNHG12 (Figure 8E).

Discussion

Cancer immunotherapy targeting adaptive ICGs has 
significantly improved patient outcomes in multiple 
metastatic cancer types (10). However, the role of ICGs in 
predicting the MFS of PRAD patients and treating metastatic 
PRAD patients has not yet been elucidated. Therefore, we 
performed the current study to clarify this role.
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Figure 8 The influence of ADORA2A, TNFRSF18, AL139287.1, SLC9A3-AS1 and SNHG12 on drug sensitivity. The influence of 
ADORA2A (A), TNFRSF18 (B), AL139287.1 (C), SLC9A3-AS1 (D) and SNHG12 (E) on drug sensitivity.

We first clarified the expression and prognostic value 
of ICGs in PRAD. The mNRA expression of TNFRSF14, 
TNFRSF18, CTLA4, CD276, IL2RA, ADORA2A, CXCL10, 
CXCL9, CD80, TNFRSF9, TIGIT, CD28, ARG1, KIR2DL3, 
PDCD1, TNFRSF4, and ICAM1 were upregulated, while 
the mNRA expression of CD40, CX3CL1, VTCN1, EDNRB, 
CD274, IL1A, ENTPD1, TLR4, IL12A, BTN3A1, BTN3A2, 
IFNA1, LAG3, VEGFA, and TGFB1 were downregulated in 
tumor tissues compared with adjacent normal tissues. The 
prognostic analysis suggested poorer MFS rates in PRAD 
patients with a high expression of TGFB1, ADORA2A, 
IL2RA, TNFRSF18, TNFRSF4, or CD80. These data were 
consistent with prior results. A high level of TGFB1 has 
been found to enhance PRAD metastasis by inhibiting 
the immune response to tumor cells and stimulating  
angiogenesis (11). ADORA2A has been shown to promote 
lymph node metastasis and lymphangiogenesis (12). Elevated 
IL2RA may also play an important role in promoting 
melanoma metastasis (13), and CD80 was highly expressed 
in non-small cell lung carcinomas and positively correlated 
with distant metastasis (14). 

Univariate analysis and stepwise regression were 
performed to estimate the prognostic utility of TGFB1, 
ADORA2A, IL2RA, TNFRSF18, TNFRSF4, or CD80 in 
PRAD. ADORA2A and TNFRSF18 were able to predict 
MFS in PRAD patients with medium-high accuracy. A Cox 
regression analysis was performed to construct a prognostic 
gene model based on the mRNA expression of ADORA2A 
and TNFRSF18, which significantly predicted the MFS of 

PRAD patients. The nomogram survival diagram showed 
that the mRNA expression of ADORA2A and TNFRSF18 
had a good ability to predict 12-, 36- and 60-month MFS 
compared with an ideal model of the whole cohort. A 
Cox regression analysis and a nomogram survival diagram 
were also conducted based on the protein expression of 
ADORA2A and TNFRSF18 in our in-house cohort, and 
ADORA2A and TNFRSF18 protein expression showed a 
good clinical ability to predict MFS. Previous studies have 
developed and validated an immune-related prognostic 
signature for predicting the recurrence of PRAD (15,16). 
Our study is the first to identify an ICG prognostic 
signature for predicting the MFS of PRAD patients, which 
provides more choices for prognostic prediction in PRAD.

Immuno-related lncRNA prognostic markers of PRAD 
have been previously reported (17). In this study, a hub of 
44 DE-lncRNAs was related to ADORA2A and TNFRSF18. 
Univariate analysis and stepwise regression analysis showed 
that the mRNA expression of AL139287.1, SLC9A3-
AS1, NAPSB, SNHG12, and AC110285.2 could be used 
as independent factors to predict MFS in PRAD patients. 
A Cox regression analysis was performed to construct a 
prognostic gene model based on the mRNA expression 
of AL139287.1, SLC9A3-AS1, NAPSB, SNHG12, and 
AC110285.2, which significantly predicted the MFS of 
PRAD patients. The nomogram survival diagram showed 
that the mRNA expression of AL139287.1, SLC9A3-AS1, 
NAPSB, SNHG12, and AC110285.2 predicted 12-, 36-, and 
60-month MFS better than an ideal model of the whole 
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cohort. A high expression of SNHG12 has been found to 
promote tumor metastasis in various tumor types (18-20). 
Our study identified an ICG-related lncRNA prognostic 
signature for predicting the MFS of PRAD patients, which 
provides more choices for prognostic prediction in PRAD.

We conducted a correlation analysis of ADORA2A, 
TNFRSF18, AL139287.1, SLC9A3-AS1, NAPSB, SNHG12, 
and AC110285.2. A further stepwise regression analysis 
showed that the mRNA expressions of AL139287.1, 
SLC9A3-AS1, SNHG12, ADORA2A, and TNFRSF18 
could be used as independent factors to predict MFS in 
PRAD patients. A Cox regression analysis was performed 
to construct a prognostic gene model based on the mRNA 
expression of AL139287.1, SLC9A3-AS1, SNHG12, 
ADORA2A, and TNFRSF18, which significantly predicted 
the MFS of PRAD patients in both the TCGA dataset 
and our in-house cohort. We also built a nomogram 
to predict MFS based on the mRNA expression of 
AL139287.1, SLC9A3-AS1, SNHG12, ADORA2A, and 
TNFRSF18 in both the TCGA dataset and our in-house 
cohort. The nomogram survival diagram showed that 
the mRNA expression of AL139287.1, SLC9A3-AS1, 
SNHG12, ADORA2A, and TNFRSF18 was able to provide 
a good prediction of 12-, 36-, and 60-month MFS in the 
TCGA cohort, and the mRNA expression of AL139287.1, 
SLC9A3-AS1 and TNFRSF18 provided a good prediction 
of 36-month MFS in our in-house cohort compared with an 
ideal model of the entire cohort.

Large-scale sequencing studies have shown that 
mutational events occur at various stages of PRAD 
progression (21). Compared with the low-AL139287.1 
group, the SNV mutation of USH2A, ABCA13, and 
PCDH15 was increased in the high-AL139287.1 group in 
the TCGA dataset. USH2A mutations have been found 
to be associated with tumor mutation burden and anti-
tumor immunity in colorectal adenocarcinoma patients (22). 
Whole exome sequencing has suggested that the PCDH15 
mutation is associated with metastasis of ocular adnexal 
sebaceous gland carcinoma (23). Compared with the low-
SHNG12 group, the SNV mutation of RYR1, APC, RNF213, 
and SORCS1 was increased, while the SNV mutation of 
PTEN was reduced, in the high-SHNG12 group in the 
TCGA dataset. PTEN is one of the most common mutated 
genes in malignant tumors, and a mutated PTEN has been 
reported to inhibit tumor metastasis (24). Compared with 
the low-SLC9A3-AS1 group, the SNV mutation of LRP1B, 
ALMS1, CNTN6, SRCAP, LYST, UBR4, ZC3H13, and ERF 
was increased in the high-SLC9A3-AS1 group in the TCGA 

dataset. It has been reported that lymph node metastasis 
of esophagogastric junction adenocarcinoma is associated 
with LRP1B mutation (25). The SNV mutation of RYR1, 
MXRA5, SACS, DNHD1, SRCAP, LYST, and ZC3H13 
was increased in the high-ADORA2A group compared 
with the low-ADORA2A group, and the SNV mutation of 
TP53, LRP1B, CUBN, MYO3A, RNF43, MYH10, HTR1E, 
and PCDH10 was increased in the high-TNFRSF18 group 
compared with the low-TNFRSF18 group in the TCGA 
dataset. TP53 mutations are known to act as a driver of 
metastatic signaling in patients with advanced cancer (26), 
and RNF43 mutations are associated with overall survival 
in colorectal cancer (27). The SNV mutation of KMT2C, 
SACS, ALMS1, SRCAP, NEB, ZC3H13, and ERF was 
increased in the high-risk-score group compared with 
the low-risk-score group in the TCGA dataset. KMT2C 
mutations have been associated with poorer survival in 
adult medulloblastomas (28), and whole-exome analysis in 
osteosarcoma has shown that metastasis is associated with 
NEB mutations (29).

Erlotinib (30), paclitaxel (31), vinorelbine (32), 
gemcitabine (33), and doxorubicin (34) are commonly 
used to treat PRAD. However, tumors usually overcome 
the cytotoxic effects of chemotherapy through acquired or 
environment-mediated drug resistance (35). In this study, the 
IC50 of paclitaxel was found to be significantly negatively 
correlated with the mRNA expression of ADORA2A, the 
IC50 of erlotinib was significantly negatively correlated 
with the mRNA expression of TNFRSF18 and AL139287.1, 
the IC50 of erlotinib and vinorelbine was significantly 
negatively correlated with the mRNA expression of 
SLC9A3-AS1, and the IC50s of doxorubicin, erlotinib, 
gemcitabine, and vinorelbine were significantly negatively 
correlated with the mRNA expression of SNHG12. These 
results suggest that PRAD patients with a high expression 
of these genes may be more sensitive to treatment with 
these five chemotherapy drugs.

Our study has some limitations. TCGA PRAD queues 
were used for most of the analysis, requiring validation with 
more queues. In addition, in vivo and in vitro experiments 
are needed to further confirm our results.

Conclusions

In conclusion, we performed a comprehensive and 
systematic bioinformatics analysis and identified the ICG-
related prognostic genes and lncRNA signatures containing 
f ive genes (AL139287 .1 ,  SLC9A3-AS1 ,  SNHG12 , 
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ADORA2A, and TNFRSF18) for predicting the MFS of 
PRAD patients. Further studies should be conducted to 
verify this result.
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Supplementary

Table S1 All primers used in this study

Gene Forward (5'-3') Reverse (5'-3')

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

ADORA2A CATGCTAGGTTGGAACAACTGC AGATCCGCAAATAGACACCCA

TNFRSF18 ACCCAGTTCGGGTTTCTCAC CCAGATGTGCAGTCCAAGC

SLC9A3-AS1 CGAGAGAGGGCAGCGGCTAGT TAACTTTCCAAGGCACCCAGCA

AL139287.1 (chromosome 1: 
1,317,581–1,318,689)

AACGGGGCAGAAACAACACT TTGTTACCCAGAGCGAGACG

SNHG12 GAAAAAGCACACCAGCTATTGG CGGGATCTCTGTAGACTAAGTCAGT



Table S2 Differential analysis of ICG mRNA expressions in PRAD

Gene Normal (N=52), mean ± SD Tumor (N=496), mean ± SD P value

CD40 3.39±0.47 2.35±0.79 1.40e−23

CX3CL1 4.24±0.73 3.44±0.97 2.90e−10

TNFRSF14 3.41±0.46 3.89±0.62 1.70e−09

VTCN1 1.94±1.03 0.89±0.80 1.70e−09

TNFRSF18 0.83±0.46 1.31±0.75 5.80e−09

EDNRB 2.98±1.19 1.86±0.90 1.80e−08

CD274 0.76±0.28 0.54±0.31 8.70e−07

CTLA4 0.33±0.30 0.57±0.52 4.90e−06

CD276 4.12±0.70 4.59±0.63 1.70e−05

IL2RA 0.29±0.27 0.47±0.39 4.70e−05

ADORA2A 0.04±0.03 0.07±0.05 5.10e−05

CXCL10 2.20±1.28 3.01±1.28 6.40e−05

CXCL9 1.71±1.13 2.33±1.27 4.70e−04

IL1A 0.12±0.17 0.04±0.08 1.10e−03

ENTPD1 1.95±0.53 1.70±0.42 2.00e−03

TLR4 1.78±0.76 1.44±0.67 2.80e−03

CD80 0.08±0.07 0.11±0.14 4.10e−03

IL12A 0.18±0.13 0.13±0.12 5.50e−03

TNFRSF9 0.11±0.14 0.17±0.20 7.90e−03

TIGIT 0.30±0.29 0.42±0.43 8.20e−03

BTN3A1 2.72±0.56 2.50±0.59 8.30e−03

BTN3A2 2.45±0.66 2.20±0.69 0.01

CD28 0.43±0.37 0.57±0.46 0.01

ARG1 0.18±0.11 0.23±0.30 0.02

IFNA1 0.01±0.02 5.3e-3±0.02 0.02

KIR2DL3 4.8e-3±7.9e-3 0.01±0.07 0.02

LAG3 1.19±0.48 1.02±0.51 0.02

PDCD1 0.46±0.30 0.57±0.44 0.02

TNFRSF4 0.74±0.46 0.91±0.53 0.02

VEGFA 4.16±1.34 3.68±1.28 0.02

ICAM1 2.39±0.84 2.65±0.91 0.04

TGFB1 3.45±0.54 3.29±0.70 0.05

HMGB1 4.75±0.30 4.67±0.31 0.06

ICOSLG 0.15±0.12 0.18±0.15 0.06

IL1B 0.86±0.70 0.67±0.63 0.06

VEGFB 5.71±0.36 5.61±0.57 0.07

CD27 1.04±0.62 1.20±0.75 0.08

ICOS 0.24±0.28 0.31±0.37 0.09

TNFSF9 0.36±0.27 0.43±0.41 0.09

IDO1 1.04±0.69 1.21±0.80 0.10

CCL5 3.50±0.92 3.28±1.05 0.11

HAVCR2 1.01±0.48 1.13±0.48 0.11

SELP 2.31±0.81 2.13±0.72 0.12

IL10 0.23±0.21 0.18±0.18 0.14

PRF1 1.26±0.48 1.16±0.57 0.14

IL4 0.07±0.08 0.08±0.10 0.15

KIR2DL1 0.01±0.02 0.02±0.18 0.21

TNF 0.32±0.28 0.27±0.29 0.21

ITGB2 2.24±0.89 2.39±0.76 0.23

BTLA 0.16±0.18 0.19±0.25 0.39

CD70 0.11±0.10 0.12±0.15 0.41

CD40LG 0.45±0.43 0.48±0.45 0.60

SLAMF7 0.84±0.62 0.87±0.61 0.71

GZMA 1.69±0.75 1.73±0.82 0.74

IL13 0.04±0.10 0.04±0.11 0.75

IL2 0.05±0.06 0.06±0.07 0.83

IFNG 0.14±0.20 0.14±0.21 0.88

IFNA2 4.8e−4±3.4e−3 5.2e−4±4.7e−3 0.93

TNFSF4 0.99±0.39 0.99±0.38 0.94

ICG, immune checkpoint gene; PRAD, prostate adenocarcinoma; SD, standard deviation.
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Table S3 KM analysis of the effect of ICGs on metastatic-free survival in PRAD patients

Tag HR Low 95% CI High 95% CI KM plot P value

TGFB1 1.054582268 1.022246527 1.087940854 4.72e-05

ADORA2A 3324.991614 157.6079854 70145.99673 0.00033839

IL2RA 1.339540597 1.063273361 1.687589548 0.003618762

TNFRSF18 1.131329879 1.066381875 1.200233541 0.006642694

TNFRSF4 1.085795747 0.949626789 1.241490254 0.008498527

CD80 3.752960922 1.218508332 11.55898184 0.039370527

ENTPD1 1.080019714 0.91966257 1.268337564 0.068370467

TNFRSF9 1.808477936 0.970339746 3.370564238 0.078411171

LAG3 1.023058401 0.914846933 1.144069521 0.092828317

EDNRB 0.965411453 0.898675386 1.037103372 0.120055792

TNFRSF14 1.009893304 0.986078293 1.034283477 0.122982491

CD276 1.025406766 1.012854124 1.038114978 0.143037633

CTLA4 1.018792362 0.893793509 1.16127256 0.164353401

TIGIT 1.02357756 0.846594993 1.237558727 0.224441895

CD28 0.854153132 0.619347398 1.17797794 0.229466013

CXCL10 1.00146282 0.98806998 1.015037193 0.256739434

BTN3A1 1.024404007 0.955300287 1.098506495 0.265307194

ICAM1 0.992778917 0.956511457 1.030421509 0.288042325

CD40 1.028697501 0.972262899 1.088407827 0.300913292

CX3CL1 0.99678786 0.976015811 1.018001991 0.323839532

VEGFA 1.007038737 0.998575097 1.015574112 0.334767669

CD274 1.467580476 1.08373725 1.987375125 0.418858414

BTN3A2 0.970460694 0.895994137 1.051116207 0.479852877

TLR4 0.828102917 0.706583462 0.9705215 0.655617075

IL12A 2.277822979 0.346271552 14.98383997 0.674556297

ARG1 1.067015091 0.979651383 1.162169751 0.746415119

PDCD1 1.089071243 0.905973788 1.309172725 0.792244647

IL1A 0.514238407 0.015784191 16.75354413 0.84324163

VTCN1 0.957647065 0.852495597 1.07576849 0.891041988

CXCL9 1.000565165 0.986185799 1.015154192 0.93564176

KIR2DL3 2.204636585 0.117323437 41.42754934 NA

IFNA1 0.00502956 1.46e−11 1734400.293 NA

ICGs, immune checkpoint genes; PRAD, prostate adenocarcinoma; KM, Kaplan-Meier; HR, hazard ratio; CI, confidence interval; NA, not 
available.
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