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Background: More and more studies have paid attention to the role of apoptosis in tumorigenesis. A
variety of apoptosis-related genes (ARGs) are related to tumor progression and resistance to chemotherapy
drugs. Therefore, this study aims to establish a prognostic marker for ARG-based testicular germ cell tumors
(TCGT).

Methods: TCGT sequencing data and clinical information were downloaded from The Cancer Genome
Atlas (TCGA) database and GEO database. The sequencing data of normal tissues came from the GTEx
database. Through univariate COX, LASSO, and multiple COX regression analyses, we screened out
key ARGs related to prognosis and constructed a risk signature and a prognostic nomogram. Finally, we
performed internal and external verification to verify the signature we have established.

Results: Five ARGs, including CHGA, LPCAT1, PPP1CA, PSMBS5, UBR2 were selected out and utilized
to establish a novel signature. Based on this signature, TCGT patients were divided into high-risk groups
and low-risk groups. The results showed that the disease-free survival (DFS) of patients in the high-risk
group was lower than that in the low-risk group (P=0.02268). The subsequent univariate and multivariate
Cox regression analysis further proved that the features we established are valuable independent prognostic
factors (P<0.05). Also, a prognostic nomogram was created to visualize the relationship between various
prognostic-related factors and the 1-, 3-, and 5-year DFS of TCGT in the TCGA cohort.

Conclusions: We constructed a new nomogram based on ARGs to predict the risk of testicular tumor

recurrence. It can help clinicians better and more intuitively predict the survival of patients.
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Introduction incidence has shown an upward trend in the past 20 years (2).
"Testicular cancer is a relatively rare cancer, but it is the most It mainly includes three categories: germ cell tumors, sex
common solid malignancy of young men aged 15-34 years cord/gonadal stromal tumors, and other non-specific stromal
old, accounting for about 1-1.5% of male tumors (1). Its tumors. Testicular germ cell tumors (TGCT) account for
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90-95% of all testicular cancers, and histologically they
are divided into seminoma and non-seminoma germ cell
tumors (NSGCT) (3). The cure rate of low- and medium-
risk TGCT is very good, which mainly depends on early
diagnosis, correct clinical judgment, early treatment, and
tumor sensitivity to radiotherapy and chemotherapy (4).
Currently, treatment decisions for TGCT patients are still
based on traditional serum tumor marker levels and TNM
classification (5). At present, serum tumor markers used for
the diagnosis and stratification of TGCT include alpha-
fetoprotein (AFP), human chorionic gonadotropin (HCG),
and lactate dehydrogenase (LDH). During the course of the
disease, approximately 90% of NSGCT show an increase in
one or two serum markers, but only 30% of seminoma show
an increase in HCG (6). Moreover, these markers have poor
specificity for the follow-up and monitoring of advanced
TGCT, and cannot accurately reflect the progression of the
disease (7). Therefore, we believe that in the treatment of
TGCT, clinicians need better biomarkers.

Apoptosis is a form of programmed cell death, which
is regulated by genes. Studies have shown that apoptosis
plays an important role in the occurrence and development
of various tumors. In the process of cancer, the balance
between cell division and cell death is lost, and abnormal
cells that should have died do not receive the signal of
apoptosis (8). In the process of apoptosis, caspases are
activated, leading to the destruction of DNA and proteins in
the cell, and changes in the cell membrane are recognized
and swallowed by phagocytes (9). DNA damage-induced
apoptosis can eliminate harmful cells and hinder the growth
of tumors, and the release of this process can lead to an
uninhibited proliferation of cells, which is related to the
development of cancer and the resistance of cancer to drug
treatment (10). Relief of apoptosis is considered to be one
of the characteristics of cancer and can become one of
the targets of tumor treatment (11). Selective induction
of cancer cell death is one of the most effective methods
to treat cancer (12,13). Apoptosis is the most common
selective induction of cell death and plays a key role in
tumorigenesis. Testicular cancer cells usually have a low
apoptosis threshold and are easily induced by treatment
including chemotherapy to cause apoptosis.

In this study, we first downloaded the mRNA expression
profile and corresponding clinical data of TCGT patients
from public databases. Then, we constructed a prognostic
model based on ARGs in the TCGT of the TCGA data set
and validated it in the GEO cohort. Finally, we constructed
a nomogram to predict the prognosis of TCGT patients.
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We present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-1247).

Methods
Public data source

The RNA sequence data of 156 patients with TGCT
were retrieved from the TCGA database (https://portal.
gdc.cancer.gov/). The data of 165 normal tissue samples
from healthy individuals came from the GTEx database
(https://gtexportal.org/home/datasets). All the raw data
were preprocessed using the “Limma” software package
of the R software, using |log, fold change (FC)I>1 and
false discovery rate (FDR) less than 0.05 as the criteria
for screening differentially expressed ARG. Also, two
gene expression profiles (GSE3218 and GSE10783) were
downloaded from the gene expression Omnibus (GEO)
database (https://www.ncbi.nlm.nih.gov/geo/) were used
as an external verification cohort. The GSE3218 data
set includes 99 TCGT samples, and the GSE10783 data
set includes 34 TCGT samples. After excluding samples
with incomplete clinical information, 108 samples from
GSE3218 and GSE10783 were used as an independent
external validation cohort. “Limma” package was used
for screening the differentially expressed genes (DEGs)
between cancer samples and normal control samples.

Construction and verification of the prognostic model

The 132 eligible TCGT patients with clinical survival time
in the TCGA database were randomly divided into two
groups at a ratio of 7:3, which were divided into a training
group and test group. The data of the training group was
used to construct the Cox regression model of DFS; and the
test group was used to verify the accuracy. First, univariate
Cox regression analysis was used to select potential genes
related to prognosis. Use Lasso regression analysis to avoid
overfitting. Finally, multi-factor Cox proportional hazards
regression was used to constructing a DFS prognostic risk
model, and the regression coefficient of a single gene and
the expression value of the selected gene was calculated to
calculate the risk score of each patient. The formula for
estimating the risk score (RS) is as follows:

RS=>"" expi* fi 1]
Using the median of the risk score of the TCGA training
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group as the threshold, eligible patients were divided into
high- and low-risk groups, and Kaplan-Meier survival
curves were drawn to compare the prognostic differences
between the two groups. In addition, we carefully evaluated
the signatures we built in 3 verification sets, including the
external verification data set (GEQ), the TCGA internal
verification data set, and the whole TCGA data set. The
“glmnet”, “survival” and “survminer” package in R was used
to construct a prognostic prediction model. The “survival”,
“survminer” and “survivalROC” package in R was used to
carry out Kaplan-Meier and ROC curve.

Construction of a prognostic nomogram

Several clinicopathological parameters and the risk score
were used to construct the prognostic nomogram, which
was used to evaluate the 1-, 3-, and 5-year DFS of TGCT.
The accuracy of the nomogram was quantitatively evaluated
with the area under curve (AUC) of the receiver operating
characteristic curve (ROC). Calibration charts are also used
to intuitively assess the prognostic ability of nomograms.
The “rms”, “foreign” and “survival” package in R was used
to establish and validate a nomogram.

Functional analysis

The biological functions of DEGs were comprehensively
analyzed through GO enrichment and Kyoto encyclopedia
of genes and genome (KEGG) pathway analysis. Gene
ontology analysis includes cellular components (CC),
molecular functions (MF), and biological processes (BP).
FDR <0.05 and 1log,FCI>1 was used as the threshold. We
also conducted the Gene Set Enrichment Analysis (GSEA)
to study the related functions of TGCT. It had been
considered to be significantly enriched that normalized P
value less than 0.05 and FDR less than 0.25.

RNA extraction and gRT-PCR

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by ethics committee of First Affiliated Hospital of Nanjing
Medical University (NO. 2021-SR-071) and informed
consent was taken from all the patients. In our study, five
patients with TGCT were enrolled, and their adjacent
normal tissues was considered as normal tissue to be used as
control. Their tumor tissues were used for RNA isolation.
Ethical approval was obtained from the ethics committee

© Translational Andrology and Urology. All rights reserved.

Zeng et al. Apoptosis’s signature for TGCTs

of the cancer hospital and informed written consent was
obtained from all of subjects. The total RNA from TGCT
tissues and adjacent normal tissues was acquired using
TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) on the
basis of a standard extraction protocol. The cDNA was
synthesized by HiScript II (Vazyme, China), and qPCR
analysis was performed on StepOne Plus Real-Time PCR
system (Applied Biosystems, USA). The initial reaction was
incubated at 95 °C for 10 min, followed by 40 cycles of 95 °C
for 15 s and 60 °C for 1 min in accordance with the SYBR
green method. The relative expression levels were analyzed
by comparing 27*“" values. All reactions were carried
out in triplicate. Primers were synthesized by TSINGKE
(Beijing, China). Quantitative realtime PCR (qRT-PCR)
was performed to amplify cDNA with specific primers
(CHGA: 5'-TAAAGGGGATACCGAGGTGATG-3'
and 5'-TCGGAGTGTCTCAAAACATTCC-3',
LPCATI1: 5'-CGCCTCACTCGTCCTACTTC-3'
and 5'-TTCCCCAGATCGGGATGTCTC-3",
PPPICA: 5'-ACTACGACCTTCTGCGACTAT-3'
and 5'-AGTTCTCGGGGTACTTGATCTT-3",
PSMB5: 5'-AGGAACGCATCTCTGTAGCAG-3'
and 5'-AGGGCCTCTCTTATCCCAGC-3"',
UBR2: 5'-GTACCAGCATTTAGCCCACTATG-3'
and 5'-TGCAAGAATATGTAGGCTCTCCT-3")
and the data were normalized to GAPDH
(5'-TGTGGGCATCAATGGATTTGG-3" and
5"-ACACCATGTATTCCGGGTCAAT-3").

Statistical analysis

All statistical analyses were performed using R software
3.6.3, and P<0.05 was considered statistically significant.
Categorical variables use the chi-square test or Fisher’s
exact test to evaluate variables. Kaplan-Meier survival
curve was used to analyze DFS. Use the Cox proportional
hazards regression model for univariate and multivariate
analysis. Time-dependent ROC analysis is used to evaluate
the accuracy of models that predict prognosis. ROC curve
analysis is also used to estimate the diagnostic value of gene
expression.

Results
Identification of differently expressed ARGs

The RNA sequencing data of 156 TCGT tumor samples
from The Cancer Genome Atlas (TCGA) database and
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Volcano

Figure 1 Heatmap and volcano plots of differentially expressed ARGs between TGCT samples from TCGA and normal control from
GTEx. Heatmap (A) and volcano (B) plots were generated with FDR <0.05 and Ilog,FCI1>1, using the data of differentially expressed ARGs
in TGCT and normal control downloaded from T'CGA and GTEx. ARG, apoptosis-related gene; FDR, false discovery rate.

165 normal testicular tissues from the Genotype-Tissue
Expression (GTEx) were included in the analysis. According
to the “Limma” package, set the FDR to <0.05 and
[log,(FC)I>1 as the cut-off criterion. From the 1,528 ARG
list, 723 ARGs with different expressions were screened out,
including 223 down-regulated ARGs and 500 up-regulated
ARG. Figure 14,B show their expression heat map and
volcano map.

Construction of prognosis-related genetic risk score model
in the TCGA training cobort and validation of the risk
score in the TCGA testing cobort

The entire TCGA TGCT patients were randomly divided
into two groups. Ninety six of 132 patients were selected as
a training cohort and 36 cases were classified into a testing
cohort. Univariate Cox regression analysis was used to
evaluate the relationship between apoptosis-related genes
(ARGs) and DFS in the TCGA training cohort, and 14
candidate genes were screened (Figure 24). To further
refine the model to avoid model overfitting, we performed
a least absolute shrinkage and selection operator (LASSO)
regression analysis on 14 prognostic-related genes and
obtained ten genes (Figure 2B,C). Finally, we performed
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multivariate Cox regression analysis on the remaining ten
genes, and finally obtained five prognostic-related genes,
including CHGA, LPCAT1, PPP1CA, PSMBS, and UBR2
(Figure 2D). CHGA, PPP1CA, and PSMBS5 with HR
values greater than 1 are considered risk genes LPCAT'1
and UBR2 with HR values less than 1 are thought to be
protective genes. Based on the expression levels of these five
genes, we constructed a risk score, which is calculated by the
partial regression coefficient multiplied by the expression of
each gene, as follows:

RS = (-0.4238xExp CHGA) + (-0.6423xExp LPCAT1)
+ (1.5917xExp PPP1CA) + (1.0849xExp PSMBS5) +
(-1.7421xExp UBR2).

To verify the predictive ability of this risk score on
the prognosis of TCGT patients, patients in the TCGA
training group were divided into high-risk and low-risk
groups according to the median value of the risk score. The
distribution of the recurrence status of patients showed that
the proportion of tumor recurrence in the high-risk group
was higher than that in the low-risk group (Figure 3B,C).
The results of Kaplan-Meier survival analysis also
proved this point, that the high-risk group has poor DFS
(P=0.02268, Figure 3D). The time-dependent ROC curve
was used to estimate the sensitivity and specificity of the
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Figure 2 Construction a prognostic signature using univariate Cox regression analysis, LASSO analysis and multivariate Cox regression

analysis. (A) Risk ratio forest plot showed the prognostic value of 14 candidate genes screened out by univariate Cox regression. (B,C)

LASSO coefficients profiles of 10 ARGs. The partial likelihood deviance plot displayed the minimum number corresponds to the covariates

utilized for multivariate Cox analysis. (D) Risk ratio forest plot showed the prognostic value of 5 prognostic genes screened out by

multivariate Cox regression. ARG, apoptosis-related gene.

prediction results. The results showed that the AUC values
of the 1-, 2-, 3-, and 5-year DFS were 0.780, 0.767, 0.767,
and 0.731, respectively (Figure 3E,FG). It demonstrated
that the prediction effect was good. To verify this result, we
conducted verification in the TCGA testing cohort. Based
on the prognostic model we made, the survival status of
TGCT patients revealed that as the risk score increased, the
number of relapsing patients increased, which meant a worse
prognosis (Figure 4A4,B,C). Kaplan-Meier survival analysis
showed that the DFS of the high-risk group was shorter

© Translational Andrology and Urology. All rights reserved.

than the low-risk group (P=0.0293e, Figure 4D). The 1-year
(AUC =0.727, Figure 4E), 2-year (AUC =0.657, Figure 4F),
3-year (AUC =0.680, Figure 4G), and 5-year (AUC =0.680,
Figure 4H) values of the TCGA testing cohort also indicate
that the model has the better predictive ability.

Validation of the risk scoring model in the entire TCGA
cobort

We have proved that the risk score was valuable to predict
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(E-H) ROC curves for forecasting 1-, 2-, 3- and 5-year DFS based on risk score in the TCGA training cohort.
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the prognosis of TGCT in both the training group and
testing group. Next, the validation of the model in the
entire TCGA cohort was carried out. Heatmap of five key
genes showing that expression of PPP1CA and PSMB5
was higher in the high-risk group and low-risk group,
while CHGA, LPCAT'1, and UBR2 seemed low-expressed
in two groups (Figure 5A). The survival status of TGCT
patients from the entire TCGA cohort indicated that as
the risk score increased, the number of relapsing patients
increased, which implied a worse outcome (Figure 5B,C).
The Kaplan-Meier plots revealed that patients assigned
to high-risk groups exhibited worse prognosis than in the
low-risk group (P=0.002529, Figure 5D). Regarding gene
IFIH1, we found that it had relatively lower expression in
the high-risk group than in the low-risk group. A time-
dependent ROC curve was constructed and AUC was 0.768
at 1 year, 0.733 at 2 years, 0.716 at 3 years, and 0.697 at
5 years (Figure SE,F,G,H).

External validations of the six-gene risk score using the
GEO database

From the GEO database, we downloaded the GSE3218
and GSE10783 datasets for validating the risk assessment
formula once again. The risk score applied was consistent
with the prognostic models we constructed previously.
Next, survival status turned out that patients in high-risk
cohorts had poorer OS than those in the low-risk cohort
(Figure 6A4,B,C). Meanwhile, the Kaplan-Meier curve
testifying the predictive value of the prognostic model
(P=1.794¢-07, Figure 6D). The five-ARG risk score also
showed great accuracy in predicting 1-year DFS (AUC
=0.622, Figure 6E), 2-year DFS (AUC =0.682, Figure 6F),
3-year DFS (AUC =0.726, Figure 6G), and 5-year DFS
(AUC =0.707, Figure 6H).

The Kaplan-Meier plots of the 5 Independent Prognostic
ARGs were exhibited in Figure 61,M. TGCT patients with
high expression of LPCAT'1, UBR2, and low expression
of CHGA, PPP1CA, PSMBS5 presented better prognosis,
which was all statistically significant, indicating that these
5 genes could play a prognostic role in TGCT prognosis
prediction.

Independent prognostic factor analysis

To find out whether several main clinicopathological
characteristics (including age, lymphovascular invasion,
serum tumor marker levels, stage, T stage, M stage,

© Translational Andrology and Urology. All rights reserved.
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N stage, pathological type) and risk characteristics are
independent predictors, we used univariate COX and
multiple COX regression analysis (Figure 74,B). The
results showed that serum tumor marker levels (P<0.001)
and risk scores (P<0.001) were significantly correlated
with DFS (Figure 7B). The heat map reflecting expression
levels of the five ARGs in the high- and low-risk subgroup
patients in the TCGA cohort was presented in Figure 7C.
Differences were observed for various clinicopathological
parameters such as different pathological types (P<0.001)
and serum tumor marker levels (P<0.01) between high and
low-risk groups (Figure 7C). The ROC curve shows that
the risk score predicts 1-year (AUC =0.759, Figure 7D),
3-year (AUC =0.712, Figure 7E) and5-year (AUC =0.712,
Figure 7F) DFS survival rates are better than serum tumor
marker levels, grades, age, tumor size, distant tumor
metastasis, lymphovascular invasion, pathological type
(Figure 7D,E,F Q). It is suggested that the risk score is
one of the risk factors for patients with TGCT, and it
can independently predict the prognosis of patients with
TGCT.

Clinicopathological parameters stratified by our established
risk score

Based on our established signature, seven clinicopathological
parameters containing age, Lymphovascular invasion, stage,
T stage, M stage, N stage, pathological type were divided
into high and low-risk subgroups. Our results indicated that
our established risk score was capable of predicting DFS
in age <35 (P=0.003), lymphovascular invasion negative
(P=0.003), M0 (P<0.001), NO (P=0.007), Serum S1-S3
(P=0.044), Stage I (P=0.003), T1 (P=0.004), Seminoma
(P=0.007). On account of the P value being greater than
0.05, age >35 (P=0.739), lymphovascular invasion positive
(P=0.288), M1 (P=0.275), N1-3 (P=0.420), SerumM S0
(P=0.352), Stage II-III (P=0.468) and non-Seminoma
(P=0.295) had no significant difference in statistics. This
may be caused by the too-small sample size (Figure §8).

The box plot shows that compared with normal
tissue samples, the expression of CHGA in tumor tissue
samples is down-regulated, while the expression of
LPCAT1, PPP1CA, PSMB5, and UBR2 is up-regulated
(Figure 94,B,C,D,E). Kaplan-Meier survival analysis
separately assessed the relationship between the expression
of 5 ARGs and the clinical outcome of patients with TCGT.
The results showed that CHGA (P=0.0046), PPP1CA
(P=0.0088), PSMB5 (P=0.0032) had poorer outcomes in the
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Figure 5 Internal verification of five ARGs based signature in the whole TGCT TCGA cohort. (A) Expression heat map, (B) risk score

distribution, and (C) relapse status in the whole TCGA dataset. (D) Kaplan-Meier survival curves for low- and high-risk subgroups stratified
by the established signature in whole TCGA dataset. (E-H) 1-, 2-, 3- and 5-year ROC curves in the whole TGCT TCGA cohort. ARG,

apoptosis-related gene.
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Figure 6 External verification of five ARGs based signature in the GEO dataset. (A) Expression heat map, (B) risk score distribution, and (C)

relapse status in the GEO dataset (D) Kaplan-Meier survival curves for low- and high-risk subgroups stratified by the established signature
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Figure 7 Independent prognostic factor evaluation. (A) Univariate cox regression analysis of the TCGA training dataset. (B) Multivariate
cox regression analysis of the TCGA training dataset. (C) The heat map shows the expression of five ARGs and the distribution of
clinicopathological parameters between high- and low-risk groups. (D-G) 1-, 2-, 3- and 5-year ROC curves for clinicopathological
parameters (including risk score). ARG, apoptosis-related gene.
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Figure 8 Clinicopathological parameters stratified by our established signature for DFS. (A,B) different age stratified by risk score for DFS.
(C,D) different lymphovascular invasion status stratified by risk score for DES. (E,F) different M stage stratified by risk score for DFS. (G,H)
different N stage stratified by risk score for DFS. (I,]) different serum tumor marker levels stratified by risk score for DFS. (K,L) different
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stratified by risk score for DFS. DFS, disease-free survival.

high expression group, while LPCAT1 (P=0.027), UBR2
(P=0.038) had poorer outcomes in the low expression
group (Figure 9F,G,H,1 7). These results indicate that the
expression of the five genes that constitute the risk score are
all related to the prognosis of patients with TCG'T.

Construction of the nomogram based on the established
signature and clinical characteristics

"To establish a clinically applicable method for predicting the
prognosis of TCGT patients, we established a prognostic
nomogram using TCGA data to predict the 1-, 3-, and
S-year survival rates of TCGT patients (Figure 104). Four
prognostic parameters were included in the prediction
model, including the risk score, age, pathological type,
and tumor lymph node metastasis. The calibration chart
(Figure 10B,C,D) shows that the 1-, 3-, and 5-year survival
rates of the TCGA cohort predicted by the nomogram are

© Translational Andrology and Urology. All rights reserved.

in good agreement with the actual observations. The ROC
curve was used to estimate the sensitivity and specificity
of the nomogram, and the results showed that the AUC
values of 1-, 3-, and 5-year DFS were 0.90, 0.806, and 0.806,
respectively (Figure 10E,EG).

GO, KEGG and GSEA analysis of the differently expressed
DEGs

Based on five ARGs risk-score, we divided 132 patients
into high- and low-risk groups. 425 DEGs were identified
based on the criteria that |log,FCI>1 along with FDR
<0.05 (Figure 11A4,B). We aimed to illuminate the biological
functions and pathways related to DEGs between high-
and low-risk score groups by performing GO and KEGG
pathway enrichment analyses. As is illustrated in Figure 11C,
GO enrichment analysis showed that in terms of BP, DEGs

are mainly enriched in extracellular matrix organization,

Transl Androl Urol 2021;10(3):1250-1272 | http://dx.doi.org/10.21037/tau-20-1247
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Figure 9 Validation of the expression and prognostic value of five ARGs in TCGT TCGA cohort. (A-E) expression of five ARGs in tumor
and normal tissue. (F-J) Validation of the prognostic value of five ARGs in TCGT by Kaplan Meier-plotter. ARG, apoptosis-related gene.
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Figure 10 Construction and validation of a prognostic nomogram. (A) Nomogram for predicting probabilities of patients with TCGT with
1-, 3-, 5-year DFS in the TCGA training cohort. (B-D) Calibration plots of 1-, 3-, and 5-year DFS for nomograms. (E-G) ROC curves
showed the predictive efficiency of the nomogram for 1-, 3-, 5-year DFS. DFS, disease-free survival.

extracellular structure organization, ossification, gland
development, transmembrane receptor protein serine/
threonine kinase signaling pathway, gastrulation, response
to BMP, Cellular response to BMP stimulus, regulation
of humoral immune response, regulation of complement
activation. In terms of cell components (CC), DEGs are
mainly enriched in the collagen-containing extracellular
matrix, endoplasmic reticulum lumen, immunoglobulin
complex, blood microparticle, collagen trimer, Golgi
lumen, basement membrane, fibrillar collagen trimer,
banded collagen fibril, the complex of collagen trimers.
In terms of MF, DEGs are mainly enriched in receptor-
ligand activity, signaling receptor activator activity,
extracellular matrix structural constituent, growth factor

© Translational Andrology and Urology. All rights reserved.

activity, glycosaminoglycan binding, antigen binding,
heparin-binding, integrin binding, growth factor binding,
platelet-derived growth factor binding. KEGG pathway
analysis showed that DEGs were significantly enriched in
the PI3K-Akt signaling pathway, proteoglycans in cancer,
focal adhesion, TGF-B signaling pathway, Wnt signaling
pathway, and other signaling pathways (Figure 11D).

To further investigate the possible mechanisms leading
to different outcomes in the high- and the low-risk
group, we did GSEA based on the patients in two groups
(Figure 12A4,B,C,D,E,EG). “adipogenesis”, “angiogenesis”,

” W«

“cholesterol homeostasis”,

glycolysis”, “estrogen response
late”, “hypoxia”, and “xenobiotic metabolism” were

enriched pathways in the high-risk group.
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Figure 11 The differentially expressed genes between the high-risk group and low-risk group based on risk score signature. (A) The

heatmap of differentially expressed genes between the high-risk group and low-risk group in the TGCT TCGA cohort based on five

apoptosis-related genes risk score. Four hundred twenty-five DEGs were identified based on the criteria that [log,FCI>1 along with FDR

<0.05. (B) The volcano of differentially expressed genes between the high-risk group and low-risk group in TGCT TCGA cohort based on

five apoptosis-related genes risk score. (C) GO enrichment of differentially expressed genes. (D) KEGG pathway analysis of differendally

expressed genes. DEG, differentially expressed gene; FDR, false discovery rate.

gqRT-PCR assays

We collected the TCGT tissues and adjacent normal
tissues from 5 tumor patients, and qRT-PCR was used
subsequently to verify the expression patterns of these
five genes. The results showed that the expression of CHGA
in tumor tissues decreased, and the expression of PSMB5
and UBR2 increased. The difference was statistically
significant (Figure 13, P<0.05). The mRINA expression of
LPCAT' in the tumor was higher than that in the adjacent
tissues, but the difference was not statistically significant.
There was no significant difference in the expression of
PPP1CA between the two groups. It may be necessary to

© Translational Andrology and Urology. All rights reserved.

collect more samples for verification.

Discussion

During the occurrence of cancer, normal cells are
transformed into malignant cells, and avoidance of cell
death is one of the important changes in cells that cause this
malignant transformation. In the 1970s, Kerr et 4/ linked
apoptosis to the elimination, proliferation, and tumor
progression of potentially malignant cells (14). There are
many ways for malignant cells to escape apoptosis, including
the balance between pro-apoptosis and anti-apoptotic
proteins are disrupted, the function of caspase is reduced,
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pathways.
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and the death receptor signaling pathway is damaged.
Chemotherapeutics play a key role in the treatment of
testicular cancer. A large amount of evidence shows that
there is a correlation between the sensitivity to apoptosis
and chemotherapy response, and the sensitivity of different
cell types to induce apoptosis varies greatly (12).

In this study, we combined the TCGA and GTEx
databases to screen for differentially expressed ARG
between tumor and normal tissues, and performed univariate
Cox regression analysis, LASSO regression analysis,
and multiple Cox regression analysis on DE-ARG, and
screened five ARGs related to prognosis (CHGA, LPCAT'1,
PPPICA, PSMBS5, UBR2). Finally, based on five ARGs
related to prognosis, we constructed a risk model to predict
the prognosis of testicular cancer patients. Some studies
have shown that these ARGs play an important role in
tumorigenesis. Studies have shown that CHGA can be used
as a potential biomarker for a variety of tumors including
prostate cancer, small cell lung cancer, and colon cancer
(15-17). According to reports, lysophosphatidylcholine
acyltransferase 1 (LPCATT) is related to the progression,
metastasis, and recurrence of a variety of malignant
tumors. LPCATT1 is a key membrane lipid remodeling
enzyme. LPCAT is an important link between signal
transduction and tumor growth, and lipid remodeling
is one of the therapeutic targets of cancer (18). Studies

© Translational Andrology and Urology. All rights reserved.

by Du et al. showed that LPCAT1 expression in clear
cell renal cell carcinoma (ccRCC) tissue is up-regulated,
and is associated with unfavorable pathological features
(higher tumor grade, higher TNM stage, and larger tumor
size) and overall survival rate (19). LPCAT1 knockdown
can inhibit the proliferation, migration, and invasion of
kidney cancer cells, and induce cell cycle arrest in the
GO0/G1 phase. Overexpression of LPCAT1 may promote
the development and progress of ccRCC by converting
lysophosphatidylcholine (LPC) to phosphatidylcholine
(PC) (19). Sun ez al. found that PPP1CA can promote tumor
growth and metastasis in colorectal cancer CRC through the
ERK/MAPK pathway (20). Another study pointed out that
the increased expression of PPP1CA in metastatic prostate
cancer can activate the S6K/PP1o/B-Raf signaling pathway,
thereby further activating MAPK signaling, which is
antagonized by PML tumor inhibitors (21). The proteasome
B subunit (PSMB) family is a component of the ubiquitin-
proteasome system and has been demonstrated to play
an important role in tumor cells and immune cells. High
expression of PSMB5 was observed in breast cancer tissues,
and high expression of PSMBS5 predicted a poor survival
rate. Knockdown of the PSMBS5 gene can inhibit tumor
cell growth and migration and can activate defensive M1
macrophages (22). Mo et al. found that PSMBS5 knockdown
can increase the sensitivity of multiple myeloma (MM) cells
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to bortezomib by activating apoptosis signals (23). PSMBS5
may be a potential therapeutic target for MM. UBR?2 is the
only known E3 ubiquitin ligase in the N-end rule pathway,
which can be upregulated by cachexia stimuli such as pro-
inflammatory cytokines and tumors. The p38BMAPK-C/
EBPB signaling pathway can mediate the up-regulation
of UBR2, which plays an important role in mediating
muscle protein degradation in cancer cachexia (24). Studies
have shown that UBR2 can promote the growth and
metastasis of gastric cancer through the Wnt/B-Catenin
pathway (25).

The current TNM staging and serum tumor markers are
not sufficient to accurately predict the prognosis of TCGT
patients. Studies have demonstrated that the number of
embryonic carcinomas in tumors and lymphatic vascular
invasion can be used as risk stratification factors for the
prognosis of TGCT patients (26). The presence of non-
pulmonary metastases (NPVM) and higher marker levels
may represent tumor aggressiveness and tumor burden (27).
In recent years, people have been devoted to identifying and
verifying new markers to better predict TGCTs. Placental
alkaline phosphatase (PLAP) is a membrane-bound protein
expressed in fetal germ cells. In some studies, PLAP showed
better sensitivity, specificity, and accuracy than AFP, hCG,
and LDH (28). Fifty percent of seminoma have elevated
PLAP levels and are an optional biomarker for monitoring
patients with seminoma (29). TRA-1-60 is a cell surface
antigen that expresses cancer and carcinoma iz sifu in
the testis through embryos. In the research of Lajer and
colleagues, about 80% of patients with advanced embryonic
cancer had an increased expression level of TRA-1-60,
and this level reduced by chemotherapy (30). Studies have
shown that neuro-specific enolase (NSE), an isoenzyme
of glycolytic enzyme 2-phospho-D-glycerate-hydrolase, is
significantly elevated in patients with seminoma (especially
in the metastatic stage), and it has been proposed as a
potential new marker in this situation (31,32). A statistical
model composed of multiple related genes is more accurate
than using a single biomarker in assessing the prognosis of
tumor patients, so it has been extensively used in research.
There is not any relevant research on ARGs predicting
the prognosis of testicular tumors. We developed a new
prognostic signature based on the expression of five ARGs.
The KM and ROC curves show that the risk score can
easily distinguish different DFS. Besides, the results were
verified in the GEO external verification data set. According
to this risk scoring model, patients with testicular tumors
are divided into high- and low-risk groups. The DFS of
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patients with a high-risk score was significantly lower than
that of patients with a low-risk score. Besides, we combined
the risk score and a variety of clinical factors to construct
a nomogram to predict the DFS of patients with testicular
cancer at 1, 3, and 5 years. The correction chart based on
the TCGA database shows that the predicted value is very
close to the observed value, indicating that the prediction
performance of the nomogram is very good. Therefore, our
new prognostic nomogram may be better than the original
clinical parameters to help clinicians predict the survival
status of TGCTs patients and provide specific individualized
treatment.

As far as we know, this is the first nomogram to predict
DFS in testicular cancer patients based on apoptosis-related
signals. We successfully established a risk signature based
on ARG and verified it. The results showed that it remained
stable internally and externally. Of course, this study also
has certain limitations. First, the clinical information
downloaded from the TCGA and GEO database is
incomplete. Secondly, our research is retrospective, and
the predictive model has not been validated in large-scale
clinical trials and prospective studies.

Conclusions

A total of 5 ARGs were screened, including CHGA,
LPCATI1, PPPICA, PSMB5, and UBR2, which were
used to establish a new signature and successfully verified
the signature internally and externally to predict the DFS
of testicular tumor patients. It can help clinicians better
and more intuitively predict the survival of patients.
As an independent prognostic factor, the signatures we
determined show a good predictive effect on DFS in
patients with testes, and further studies are needed to verify
our findings.
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