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Background: N6-methyladenosine (m6A) is found to be associated with promoting tumorigenesis in
different types of cancers, however, the function of m6A-related genes in testicular germ cell tumors (TGCT)
development remains to be illuminated. This study aimed to investigated the prognostic value of m6A RNA
methylation regulators in TGCT.

Methods: We collected TGCT patients’ information about clinicopathologic parameters and twenty-two
moOA regulatory genes expression from The Cancer Genome Atlas (TCGA) database and Genotype-Tissue
Expression (GTEx). We analyzed the differentially expressed m6A RINA methylation regulators between
tumor tissues and normal tissues, as well as the correlation of m6A RINA methylation regulators. By using
Cox univariate analysis, last absolute shrinkage and selection operator (LASSO) Cox regression algorithm
and Cox multivariate proportional hazards regression analysis, a risk score was constructed based on a TCGA
training cohort, and further verified in the TCGA testing cohort. Then, univariate and multivariate Cox
regression analyses were used to evaluate the relationship between risk score and progression-free survival
(PFS) in TGCT. Finally, the six-gene risk score was further verified by two gene expression profiles (GSE3218
and GSE10783) as an independent external validation cohort.

Results: Distinct expression patterns of m6A regulatory genes were identified between TGCT tissues
and normal tissues in TCGA and GTEx datasets. To predict prognosis of TGCT patients, a risk score was
calculated based on six selected m6A RNA methylation regulators (YTHDF1, RBM15, IGF2BP1, ZC3H13,
METTLS3, and FMRI). Additionally, we found significant differences between the high-risk and low-risk
groups in serum marker study levels and histologic subtype. Univariate and multivariate analysis indicated
that high risk score was associated with unfavorable PFS. Ultimately, the risk score was further verified by
two gene expression profiles (GSE3218 and GSE10783).

Conclusions: Based on six selected m6A RNA methylation regulators, we developed a m6A methylation
related risk score that can independently predict the prognosis of TGCT patients, and verify the prediction
efficiency in TCGA and GEO datasets. Patients in high-risk group were associated with serum tumor marker
study levels beyond the normal limits, non-seminoma, and unfavorable survival time. However, further

prospective experiments should be carried out to verify our results.
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Introduction

As the most common malignancy in men between 15
and 44 years of age, testicular germ cell tumors (TGCT)
have been increasing over the past few decades in most
populations (1,2). TGCTs can be classified by histologic
subtype into three groups: seminoma, non-seminoma, and
spermatocytic tumor (3). Non-seminomas and seminomas
together represent 98-99% of all TGCTs, and the peak
incidence of them are at approximately ages 25 years and
35 years, respectively (3). Spermatocytic tumor are very
rare at all ages (median age 54 years) (4,5). The patients’
life expectancy at age 30 was estimated as 45.2 years of
age (6). Although Testicular cancer has become a model for
a curable neoplasm and over 90% of TGCT patients will be
cured of their disease by undergoing surgery, radiotherapy
and chemotherapy, young men diagnosed with testicular
cancer presented an excess mortality during the first 2 years
post diagnosis (6,7).

Therefore, there is an urgent need to clarify the possible
mechanisms underlying the development of TGCT,
discover novel biomarkers for early screening, and develop
therapeutic targets.

RNA methylation modifications compose over
60 percent of all RNA modifications, and the most
common type of RNA methylation modification is N6-
methyladenosine (m6A) RNA methylation (8). m6A RNA
methylation regulators are widely distributed in various
types of RNA, such as mRNA, transport RNA (tRNA) and
ribosomal RNA (rRNA) (9). Recent studies reveal that the
prevalence of m6A sites in numerous transcripts and their
unique and conserved distribution mostly centered near the
stop codons or enriched at 3’ untranslated regions (3'UTRs)
in the transcriptomes of humans and mice (10,11). RNA
m6A modification has been shown to play vital roles in
regulating mRINA splicing, translation, stability and RINA-
protein interaction (9,12,13). It is well known that RNA
modification is mediated by a methyltransferase complex.
The factors in m6A pathways include “writers” (METTL3,
METTLI14, WTAP, VIRMA, RBM15/15B, and ZC3H13)
and “erasers” (FTO and ALKBHS) that respectively install
and reverse the methylation, and RNA-binding proteins
“readers” (YTHDC1, YTHDC2, YTHDF1, YTHDF2,
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YTHDF3, HNRNPC, HNRNPA2B1, FMR1, IGF2BPI,
IGF2BP2, IGF2BP3, and PRRC2A) that recognize mRNA
m6A sites (14-16).

Accumulating evidences have suggested the fact that
m6A modification could be associated with promoting
tumorigenesis in different types of cancers. Previous study
has suggested that METTL14, a major RNA N6-adenosine
methyltransferase, suppresses the metastatic potential of
hepatocellular carcinoma by modulating m6A-dependent
primary microRNA processing (17). Additionally, it has
been revealed that METTL3 might be essential in lung
cancer cells by directly promoting translation independently
of methyltransferase activity and downstream mo6A reader
proteins (18). Over-expressed FTO is detected in acute
myeloid leukemia (AML) and can inhibit the AML cell
differentiation (19). The key role of m6A RNA methylation
regulators are also noted in different cancers, such as renal
cell carcinoma, bladder cancer, and glioblastoma (20-22).
Recently, a study reported that m6A is detectable in RNA
of TGCT cell lines and tissues by quantification of m6A
in RNA. They further found that METTL3, ALKBHS,
YTHDCI, YTHDFI1, YTHDF2 and HNRNPC might
be the main writers, erasers, and readers of the m6A
modification in TGCT by RT-qPCR (23). However, the
function of m6A RNA methylation modification in TGCT
development and prognosis remains to be illuminated.
In the present study, we used data from TCGA and
GTEx databases to analyze the expression of m6A RNA
methylation regulators in TGCT and their relationship
with the clinicopathological features of TGCT. Then,
we selected six m6A methylation regulators to construct
a risk score and analyzed the prognostic role of the risk
score in TGCT. Ultimately, we validated the prediction
accuracy of the prognostic model in GEO dataset. We
present the following article in accordance with the
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-963).

Methods
Patient samples

All of these normalized clinical data and RNA-seq data of
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Table 1 Clinical information of included TCGA cohort

Clinical parameters Variables TCGA cohort
Survival status Progress 35
Progress-free 99
Age(years) <35 90
>35 44
Race White 119
Black 6
Asian 4
NR 5
Pathology stage | 93
I 17
1 15
NR 9
Type of tumor Seminoma 72
Non-seminoma 62
Stage based on SM SO 43
S1 38
S2 34
S3 5
SX 12
NR 2
Lymphovascular invasion Yes 55
No 75
NR 4

TCGA, The Cancer Genome Atlas; NR, not recorded; SM, serum
markers.

patients were obtained from TCGA (http://cancergenome.
nih.gov/) and GTEx (Genotype-Tissue Expression).
Finally, we identified the gene expression profiles and
of 134 TGCT cases and 165 cases of normal control for
further analysis. Ultimately, we extracted complete clinical
data which included survival time from 121 of 134 TGCT
patients (Table I).

Selection of m6A RNA methylation regulators and
correlation analysis

According to the previous studies (24), 22 m6A RNA
methylation regulators, including METTL3, METTL14,
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METTLI16, WTAP, RBM15, RBM15, VIRMA, ZC3H13,
YTHDCI1, YTHDC2, YTHDF1, YTHDEF2, YTHDF3,
HNRNPC, HNRNPA2B1, FTO, ALKBHS, FMRI,
IGF2BP1, IGF2BP2, IGF2BP3, and PRRC2A, were used
for our analysis. By using Wilcoxon’s Test, we assessed
the different expression of m6A RNA methylation
regulators between TGCT patients and controls. Then,
the correlation analysis among m6A RNA methylation
regulators was carried out by Pearson correlation analysis.

Consensus clustering analysis

To determine whether the expression levels of m6A RNA
methylation regulators were associated with prognosis,
the TCGA TGCT cohort was clustered into different
groups by consensus expression of m6A RNA methylation
regulators with “Consensus Cluster Plus” in R. The Kaplan-
Meier method and log-rank test were carried out to evaluate
the progression-free survival (PFS) difference between
different clusters. Chi-square test was used to compare the
distribution of age, race, gender, stage, histologic subtype,
serum marker study levels, lymph node status and TNM
stage between different clusters.

Prognostic signatures generation and prediction

We carried out Cox univariate analysis to identify possible
prognostic m6A RNA methylation regulators in the
entire TCGA TGCT cohort. For further analysis, 79 of
121 patients were selected as a training cohort. Then, we
excluded some genes highly correlated with one another
using last absolute shrinkage and selection operator
(LASSO) Cox regression algorithm for avoiding overfitting
the model. The ten m6A RNA methylation regulators were
selected for further Cox multivariate proportional hazards
regression analysis. Finally, six genes (YTHDF1, RBM]15,
IGF2BP1, ZC3H13, METTL3, and FMRI) were identified
to construct a risk score. The risk score was calculated with
the following formula:

Risk score = z:’coef(i) x x (f) (1]

where n, coef(i), and x(i) represent the number of genes, the
coefficient, and the relative expression value of each gene
selected by multivariate analysis, respectively. Based on
the median risk score of all samples, patients were divided
into high-risk group and low-risk group. Kaplan-Meier
curve and log-rank test were carried out to evaluate the
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relationship between PFS and risk score. Receiver operating
characteristic (ROC) curve and the area under the ROC
curve (AUC) were completed to evaluate the prognostic
ability of risk score by using the package of “survivalROC”
in R.

Validation of the prognostic signature

Thirty-two of 121 patients in TCGA cohort were selected
as a testing cohort. Based on the same cut-off risk score, the
patients in the testing cohort were classified into high-risk
group and low-risk group. Kaplan-Meier curve and log-rank
test were carried out to evaluate the relationship between
PFS and risk score. ROC and AUC were completed to
evaluate the prognostic ability of risk score by using the
package of “survivalROC” in R.

Ultimately, we validated prediction accuracy of the
prognostic model in the entire TCGA cohort. Kaplan-
Meier curve and ROC were carried out. The chi-square
test was performed to evaluate the association between the
risk score and clinicopathological parameters in the entire
TCGA cohort. To investigate whether risk score was an
independent prognostic factor, univariate and multivariate
Cox regression analyses were used in the entire TCGA
cohort. Prognostic value of the risk score stratified by
clinicopathological parameters was further assessed.

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

The six-gene risk score was further verified by two gene
expression profiles (GSE3218 and GSE10783) extracted
from the Gene Expression Omnibus (GEO) (https://www.
ncbi.nlm.nih.gov/geo/). The “sva” package was used to
remove batch effects and other needless variables. Overall,
108 samples from GSE3218 and GSE10783 were used as
an independent external validation cohort. Kaplan-Meier
curve and log-rank test were carried out to evaluate the
relationship between overall survival (OS) and risk score.
ROC and AUC were completed to evaluate the prognostic
ability of risk score.

Gene set envichment analysis (GSEA)

GSEA is a systematic method used to figure out whether
the hallmark gene sets predicted statistically significant
differences between two different groups (25). Here, GSEA
was performed to analyze the significant survival differences

© Translational Andrology and Urology. All rights reserved.

665

between two groups divided by risk scores in the entire
TCGA cohort. It had been considered to be significantly
enriched that normalized P value less than 0.05 and false
discovery rate (FDR) less than 0.25.

Statistical analysis

All statistical data and figures were analyzed by using R
3.6.0. By using Wilcoxon’s Test, we assessed the different
expression of m6A RNA methylation regulators between
TGCT patients and controls. The correlation analysis
among m6A RNA methylation regulators was carried out
by Pearson correlation analysis. The chi-square test was
performed to evaluate the association between the risk score
and clinicopathological parameters. To investigate whether
risk score was an independent prognostic factor, univariate
and multivariate Cox regression analyses were used in the
entire TCGA cohort. All statistical results with P<0.05 were
considered statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Results
Relative expression of m6A regulatory genes in TGCT

We analysed the mRINA expression levels of the 22 m6A
regulatory genes in TCGA and GTEx databases to identify
the distinct expression patterns between TGCT tissues and
normal tissues. Figure 14 is the heat map which indicated
the expression levels of m6A regulatory genes. Compared
with normal tissues, METTL16, WTAP, RBM15,
RBMI15B, ZC3H13, YTHDC1, YTHDF1, YTHDF2,
YTHDF3, FTO, ALKBHS, FMR1, IGF2BP1, and
IGF2BP2 were up-regulated, while METTL3, METTL14,
VIRMA, and YTHDC2, HNRNPA2B1, and PRRC2A
were down-regulated in TGCT tissue samples (Figure 1B).
We furthor investigated the correlation between each
two types of m6A regulatory genes in TGCT using
“corrplot” package in R software (Figure 2). The expressions
of ZC3H13, RBM15, RBM15B, YTHDF1, YTHDF2,
YTHDEF3, IGF2BP1, and IGF2BP2 had remarkably high
positive correlations with each other (Pearson’s r>0.6).
In addition, the results suggested that METTL3 was
negatively associated with ZC3H13, RBM15, RBM15B,
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Figure 1 The differential expression of m6A RNA methylation regulators between TGCT samples and normal tissues. (A) Hierarchical

clustering of TGCT and normal tissues expressing the 22 m6A regulatory genes in TCGA and GTEx databases. (B) The expression of

22 m6A regulatory genes between TGCT and normal tissues. The red represents tumor group and blue represents normal tissue group.

TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue Expression.

YTHDF1, YTHDF2, YTHDEF3, IGF2BP1, and IGF2BP2
(Pearson’s r<-0.7). Hence, we indicated that there were
close and complicated correlations between the nine m6A

regulatory genes.

Consensus clustering of m6A RNA methylation regulators
distinguished two clusters of TGCT with different

prognosis
Based on the expression similarity of m6A RNA
methylation regulators, k=2 was demonstrated to be the

most appropriated selection to divide the TGCT patient
cohort into two clusters, namely cluster 1 and cluster 2
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*, P<0.05 ; ***, P<0.001.

(Figure 34,B,C). Moreover, we performed principal
component analysis (PCA) for comparison of the
transcriptional profile between clusterl and cluster2. The
result suggested that there was a significant distinction
between the two subgroups (Figure 3D). A significant
shorter PFS was observed in TGCT patients in the cluster
1 (5-year PFS =69%) than those in the cluster 2 (5-year
PFS =79%) (P=0.017) (Figure 3E). Then the associations
between the clustering and clinicopathological features were
evaluated. Significant difference was found between the
cluster 1 and cluster 2 for the serum marker study levels and
histologic subtype (P<0.001), while no significant difference
was observed for other parameters such as age, race, stage,

Transl Androl Urol 2021;10(2):662-679 | http://dx.doi.org/10.21037/tau-20-963



Translational Andrology and Urology, Vol 10, No 2 February 2021

THDC2
ETTL14

M
HNRNPAZB1

GF2BP3
VIRMA
PRRC2A
METTL16

b

667

GF2BP2
BEM15
GF2BP1
YTHDC1
HNRNPC

FeEp2E8 55 o -
= = o <
& S Y0EBGREEEREEZE 10
IGF2BP3 .-}(m_za % 0.32 @uﬁ w M ){-}@-}@M 0.32 M 019 M-}(M.z@‘-}(ﬁ)@x ’
VIRMA .. olds ofS2 Sy |8 DG PG-olaz-034.§8s @ -0i36-6081-Be-0la2- DDz 0.10 032
PrRC2A B B @50 0 066 608 58> Wl °°
YTHDC2 .. 466 dl67 -0.27.0%87-0.2-080-§Be. (T84 lda.GBe- 85 de O D2 0.2 G 03
VETTLY: @@ @S DO B ® & BB v BB | [ 06
METTL3 . Bt OBOEOO® G oy 50202
HNRNPAZB1 (@) -2 & B ® & 6 @ B>o2003 Gom | L o4
ALKBHS5 .u_as 0:36 0045 0137 038 5 005 043 05 -0.19 065 e 032
METTL16 .........o QEESELNET 02
zc3H13 @@ B ® & @ & @ o & @ 5 o0
o P DO O BO@:= @@ | |
RBM15B ......%0.29‘0.23-0.21 '
16F28P2 (@) @@ @ @ @ > D¢ 050 O 018
RBM15 .. . .-}t@a.zd 0.35/0.37 M r 02
IGF2BP1 ... o6 0:27 aldp 027 D
YTHDF1 ..0.19 ol4s d62 0.34-}(2 -0.4
YTHDF2 .m aldo dff2 oldr G
FTO (@) i s o DG 06
WTAP .. 49 0.25
FMRT (@ 03 ¢ 08
YTHDC1 (@) o
HNRNPC (@) o

Figure 2 Correlation matrix of 22 m6A regulatory genes in the TCGA and GTEx databases. An X represents P>0.001, which means there

was no statistically significant correlation between two m6A regulatory genes. TCGA, The Cancer Genome Atlas; GTEx, Genotype-Tissue

Expression.

and TNM stage (Figure 4). Additionally, the levels of
AFP (P<0.001) and hCG (P<0.05) increased in cluster 1,
compared with cluster 2. However, there was no significant
difference between the level of LDH in cluster 1 and that in
cluster 2 (Figure S1).

Prognostic signature of m6A RNA methylation regulators
in TGCT

In the entire TCGA TGCT cohort, we used univariate
Cox regression to investigate the effect of m6A RNA
methylation regulators on TGCT prognosis (7able 2). Then,
LASSO multivariate Cox regression was performed to avoid
overfitting the model in the training cohort. Hence, ten
candidate genes were selected (Figure 5A,B). Finally, the risk
score of TGCT was constructed by selecting YTHDFI,
RBM15, IGF2BP1, ZC3H13, METTL3 via multivariate
Cox regression analysis (Table S1).

© Translational Andrology and Urology. All rights reserved.

The risk score for each patient was calculated with the
following formula:

Risk score =4.95105371407088*METTL3+(-4.6122823
0602799)*RBM15 (-4.29950269353698)*ZC3H13+5.38635
751376823 Y THDF1+(-5.32912179904041)*FMR1+2.641
4130443825*IGF2BP1

A total of 39 and 40 TGCT patients were categorized
into the high-risk group and low-risk group, respectively.
Kaplan-Meier survival analysis showed that the high-risk
group had a better PFS than low-risk group in TGCT
(Figure 64, P=0.003). The time-dependent ROC curve
analysis was performed to assess prediction efficiency of
risk score in TGCT patients. AUC for was 0.762, which
demonstrated the good performance of the risk score
for prognosis prediction in TGCT (Figure 6B). The risk
score distribution of the patients on in the training cohort
was displayed in Figure 6C. The PFS and risk scores of
patients with TGCT in the training cohort were shown in

Transl Androl Urol 2021;10(2):662-679 | http://dx.doi.org/10.21037/tau-20-963


https://cdn.amegroups.cn/static/public/TAU-20-963-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TAU-20-963-Supplementary.pdf

668 Cong et al. The role of m6A RNA methylation regulators in the prognosis of patients with TGCT

A Consensus matrix k =2 D
-2
I L4
® o
®° o ° .
50+ o . o ees
o o o
L] L[] o oot
W% ° ¢ woe
o0 % % FXY N
o 04 ° ., o e ce g0 e Group
5 . .. ¢ e Cluster 1
o o . * Cluster 2
..
-504 e o
B Consensus CDF ® ® 400
® o o °
-1001 & c,
-100 50 0 50 100
& PCA1
(6] -2
=)
o4
@ s
-
0.2 = E Survival curve (P=0.017)
0.0, ; . : . . 1.0 ——Cluster 1
0.0 0.2 04 06 038 1.0 Cluster 2
Consensus index
C 0.8+
o Delta area ®©
3 057 £064
©
5 0.4 a 0.4
i)
5
g 0.34 0.2
©
= 024 0.0
= . ' T T T T T T T
g 0.1 \ 0 2 4 6 8 10 12 14
'g °\°\ Time (year)
5 o0, . T
o 2 3 4 5 6 7 8 9

Figure 3 Overall survival of TGCT patients in the two different clusters. (A) The TCGA TGCT cohort was divided into two distinct
clusters when k=2. (B) Consensus clustering cumulative distribution function (CDF) for k=2 to 10. (C) Relative change in area under CDF

curve for k=2 to 10. (D) Principal component analysis of the total RNA expression profile. TGCT in cluster 1 and 2 are marked in red and

blue, respectively. (E) Kaplan-Meier PFS curve for TGCT patients in cluster 1 and 2. TCGA, The Cancer Genome Atlas; PFS, progression-

free survival; TGCT, testicular germ cell tumors.

Figure 6D. Figure 6F indicated that the heatmap of the six
key genes expression profiles in the training cohort.

Validation of the prognostic signature in the TCGA testing
cobort

A total of 32 cases were included in the TGCT testing
cohort. Based on the same cut-off value of the risk score,
20 patients were categorized into high-risk group and the

© Translational Andrology and Urology. All rights reserved.

remaining 12 cases were grouped into low-risk group.
Kaplan-Meier survival analysis showed that the low-risk
group had a better PFS than high-risk group in TGCT
(Figure 74, P=0.031). The time-dependent ROC curve
analysis was performed to assess prediction efficiency of risk
score in TGCT patients. The AUC for was 0.742, which
demonstrated the good performance of the risk score for
prognosis prediction in TGCT (Figure 7B). The risk score
distribution of the patients on in the testing cohort was
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Figure 4 The distribution of clinicopathological variables between different clusters. Significant difference was found for the serum marker

study levels and histologic subtype between cluster 1 and cluster 2. ***, P<0.001.

displayed in Figure 7C. The PFS and risk scores of patients
with TGCT in the testing cohort were shown in Figure 7D.
Figure 7E indicated that the heatmap of the six key genes
expression profiles in the testing cohort.

Identification of the independent prognostic factors in the
entire TCGA cobort

A total of 111 cases were included in the entire TGCT
cohort. Based on the same cut-off value of the risk score,
patients were categorized into high-risk group and low-

© Translational Andrology and Urology. All rights reserved.

risk group. The heat map indicated that the differential
expression of the six selected m6A RNA methylation
regulators and clinicopathological variables between high-
risk and low-risk groups. We found significant differences
between the two groups in serum marker study levels and
histologic subtype (P<0.05) (Figure 84). We used Cox
univariate and multivariate analyses to determine whether
the risk signature was an independent predictor. Univariate
analyses showed that stage (P=0.013), serum marker study
levels (P=0.009), N stage (P=0.006), and risk score (P<0.001)
were significantly linked with PFS (Figure §B). Multivariate
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Table 2 Cox univariate analysis of m6A RINA methylation regulators to investigate the effect of m6A RNA methylation regulators on TGCT

prognosis

Gene HR (95% ClI) P value

FMR1 0.049092 (0.002285-1.054691) 0.054112
VIRMA 0.105596 (0.010457-1.066322) 0.056711
YTHDC1 0.032825 (0.000721-1.493478) 0.079424
ZC3H13 0.065814 (0.003068-1.41185) 0.081952
PRRC2A 0.021448 (0.000226-2.037345) 0.098195
RBM15 0.366743 (0.100793-1.334426) 0.127967
ALKBH5 0.030539 (1.334426-3.21472) 0.141982
YTHDF2 0.083202 (0.002673-2.590295) 0.156363
HNRNPA2B1 0.01239 (0.000016-9.590852) 0.195735
METTL16 0.268298 (0.028964-2.48528) 0.246702
IGF2BP3 1.616413 (0.71076-3.676055) 0.251994
IGF2BP1 2.155541 (0.477137-9.737995) 0.318165
IGF2BP2 2.368073 (0.430614-13.02274) 0.321583
HNRNPC 0.058167 (0.000207-16.31963) 0.322646
METTL3 3.217734 (0.122173-84.74715) 0.483761
YTHDC2 0.447566 (0.04586-4.367978) 0.489175
YTHDF3 0.437247 (0.033203-5.75815) 0.529372
FTO 0.537583 (0.069118-4.181175) 0.55315
WTAP 0.220542 (0.001001-48.58904) 0.582888
RBM15B 2.072659 (0.072891-58.9362) 0.669586
YTHDF1 2.083396 (0.047455-91.46694) 0.703659
METTL14 0.58829 (0.012586-27.49706) 0.786803

TGCT, testicular germ cell tumors; HR, hazard ratio.

analyses showed that lymph node status (P=0.016) and
risk score (P<0.004) were significantly linked with PFS
(Figure 8C). These results suggest that the risk signature
is a risk factor for TGCT patients and can independently
predict the prognosis of TGCT patients.

The patients were also divided into groups according to
clinicopathological variables to investigate the prognostic
value of risk score. As shown in Figure 94,B,C,D,E,F,G,H,
the PFS rate was significantly lower in the high-risk group
compared to that in the low-risk group for the cases
with seminoma (P=0.0024), or cases with non-seminoma
(P=0.0024), or cases at serum marker study levels within
normal limits (P<0.038), or patients at serum tumor marker
study levels beyond the normal limits (P=0.01), or patients

© Translational Andrology and Urology. All rights reserved.

at the stage I (P<0.001) or those with no lymphovascular
invasion (P<0.001). However, no significant difference was
found for PFS between high- and low-risk groups for cases
with stage II-III (P=0.072), or patients with lymphovascular
invasion (P=0.068).

GSEA identifies a signaling pathway related with risk

score

In consideration of risk score as an independent prognostic
factor for PFS of TGCT patients, we were eager to explore
how risk score was involved in TGCT pathogenesis. We
carried out GSEA between tissues with different risk scores.

Based on the NOM p-val (normalized P value <0.05),

Transl Androl Urol 2021;10(2):662-679 | http://dx.doi.org/10.21037/tau-20-963
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Figure 5 Multivariate Cox regression via LASSO is presented, and ten candidate m6A RNA methylation regulators were selected. (A)

Cross-validation for tuning parameter screening in the LASSO regression model. (B) LASSO coefficient profiles of the common genes.

LASSO, last absolute shrinkage and selection operator.

FDR q-val (FDR<0.25) and normalized enrichment score
(NES), we selected the most significantly enriched biological
pathways. The results indicated that high risk scores were
associated with some essential signaling pathways including
arginine and proline metabolism pathway, biosynthesis of
unsaturated fatty acids, butanoate metabolism, glutathione
metabolism, glyoxylate and dicarboxylate metabolism,
hedgehog signaling pathway, PPAR signaling pathway,
proximal tubule bicarbonate reclamation, valine leucine
and isoleucine degradation, vasopressin regulated water
reabsorption (Figure 10A). The results indicated that
low risk scores were associated with signaling pathways
including antigen processing and presentative, B cell
receptor signaling pathway, cytosolic DNA sensing,
dorsoventral axis formation, phosphatidylinositol signaling
system, primary immunodeficiency, regulation of autophagy,
rig like receptor signaling pathway, T cell receptor signaling
pathway, ubiquitin mediated proteolysis (Figure 10B). The
above results give a clue of the underlying mechanism in the

pathogenesis of TGCT.

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

Besides calculating risk scores of patients in TCGA dataset
as an internal validation, we further calculated risk scores
of patients in the GSE3218 and GSE10783 datasets as the
independent external validations based on the same formula.
Similarly, patients were arrayed according to the cut-off risk

© Translational Andrology and Urology. All rights reserved.

score in the training cohorts. As expected, TGCT patients
were divided into two groups based on risk scores with a
significantly different OS (P=0.018; Figure 114). The ROC
analysis of 3/5/10-year OS was performed for evaluating
predictive efficiency of the risk score. The 3-year AUC
for risk score was 0.686. The 5-year AUC for risk score
was 0.642. The 10-year AUC for risk score was 0.662
(Figure 11B). High FMRI expression group had longer
OS than the low expression group but no difference in
OS (P=0.053; Figure 11C). Compared with low RBM15
or ZC3H13 expression group, the high expression group
had better OS (P<0.05; Figure 11D,E). Kaplan-Meier
curves analysis demonstrated that the patients with high
METTL3, YTHDFI1, and IGF2BP1 expression had
shorter OS than those with low expression, however, the
difference in OS between high IGF2BP1 expression and
low IGF2BP1 expression was not statistically significant
(P=0.065) (Figure 11FG,H).

Discussion

TGCT, as the common malignancy in young men, have
been increasing over the past few years. Over 80% of
TGCT patients are cured of their disease by surgery,
radiotherapy and chemotherapy (26,27). However, it is
worth noticing that almost one quarter of patients show
resistance to standard chemotherapy, which suggested
that there are some molecular mechanisms influencing

the prognosis of TGCT. The expression levels of m6A
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prediction by the risk score in the training test based on the TCGA dataset. (C) The risk score distribution of patients in the training cohort.

(D) The distributions of risk scores and PFS status. The red and green dots indicated the progress and progress free respectively. (E) The

heatmap of the six key genes expression profiles in the training cohort. TCGA, The Cancer Genome Atlas; TGCT, testicular germ cell

tumors; ROC, receiver operating characteristic; PFS, progression-free survival.

regulators are demonstrated to be comparable between
TGCT and normal tissues (23). In the present study, we
found that most m6A RNA methylation regulators were
abnormally expressed in TGCT. In addition, based on the
expression of the ten m6A RNA methylation regulators,
the TGCT training cohort in TCGA could be divided into
different clusters with significant differences for PFS, serum
marker study levels and histologic subtype. Moreover, based
on T'CGA dataset, a robust risk score was constructed based
on YTHDF1, RBM15, IGF2BP1, ZC3H13, METTL3,
and FMR1. The results showed that the risk score had good
performance for predicting the clinical outcome of TGCT.
More importantly, this six-gene risk score was further

© Translational Andrology and Urology. All rights reserved.

successfully validated as an independent prognostic marker
in the TCGA texting cohort and an external independent
TGCT cohort (GSE3218 and GSE10783), indicating
that this prognostic model is highly robust for prognosis
prediction.

Univariate analyses showed that stage, serum marker
study levels, N stage, and risk score were significantly
associated with PFS. Multivariate analyses showed that
lymph node status and risk score were significantly linked
with PFS. When patients were also grouped according to
clinicopathological variables, the risk signature could also
distinguish the PFS outcomes of the cases with seminoma,
or cases with non-seminoma, or cases at serum marker study

Transl Androl Urol 2021;10(2):662-679 | http://dx.doi.org/10.21037/tau-20-963
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levels within normal limits, or patients at serum tumor
marker study levels beyond the normal limits, or patients at
the stage I or those with no lymphovascular invasion. Our
results indicated that the high-risk group suffered a more
unfavorable clinical outcome compared to the low-risk
group in TGCT.

Our study showed that the expression levels of FMRI,
RBM15, and ZC3H13 were positively correlated with
clinical outcome of TGCT, suggesting that these three
m6A regulatory genes might be suppressor genes in
TGCT. Recent studies reported that the oncogenic role of
FXRI in melanoma and prostate cancer (28,29). Another
research found that downregulating FMRP in testicular

© Translational Andrology and Urology. All rights reserved.

embryonal carcinoma cells could enhance miR-383-
mediated suppression of cell proliferation, which is contrary
to our results (30). This opposite result might be due to
the small sample size. Similarly, down-regulated RBM15
was proved to inhibit the growth, proliferation, and induce
apoptosis in chronic myelogenous leukemia cells (31).
In different types of tumors, it is possible that different
roles of m6A regulators can be discovered. Additionally,
Zhu et al. reported that ZC3H13 could act as a tumor
suppressor in colorectal cancer by regulating proliferation
and invasion (32), indicating that ZC3H13 may play
similar roles in TGCT. On contrast, the expression of
the other gene METTL3, YIHDFI1, and IGF2BP1
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groups. (B) Cox univariate analyses of clinicopathological variables (including the risk score) and overall survival. (C) Cox multivariate

analyses of clinicopathological variables (including the risk score) and PFS. TGCT, testicular germ cell tumors; PFS, progression-free

survival. *, P<0.05.

were negatively associated with the prognosis in TGCT,
indicating that these three genes might act as tumor
promoter genes for TGCT tumorigenesis. At present, the
role of METTL3 is not very clear. Although METTL3
can exhibit a contrary role in same cancer, the main role of
METTLS3 is to facilitating cancer initiation and progression
(33-35). YTHDF1 was usually reported to be an oncogene
and was related with poor outcomes in colorectal cancer
and ovarian cancer (36,37). IGF2BP1, as a RNA binding
protein, contains tandem common RNA-binding domains,
including K homology domains, arginine/glycine-rich
domains, and RNA recognition motifs (38). In various
types of cancers, IGF2BP1 acts as a post-transcriptional
regulator modulating the expression of mRINA targets thus
controlling cancer cell proliferation, and is associated with
an unfavorable prognosis (39).

In order to explore how m6A RNA methylation
regulators were involved in TGCT pathogenesis, we
carried out GSEA between tissues with different risk scores
and found that high-risk group was associated with some
signaling pathways including biosynthesis of unsaturated

© Translational Andrology and Urology. All rights reserved.

fatty acids, butanoate metabolism, glutathione metabolism,
glyoxylate and dicarboxylate metabolism, PPAR signaling
pathway, valine leucine and isoleucine degradation.
Increased glutathione levels are detected in various
types of cancers, making tumor tissues more resistant to
chemotherapy (40,41). In fact, polyunsaturated acids are one
of the main targets of free radical damage (42). To prevent
lipoperoxidative damage, Testicular germ cells are endowed
with enzymatic and non-enzymatic scavenger systems (40).
Among the enzymatic systems, glutathione plays a main
role in antioxidant defense (43). Oxidative stress is involved
in cancer development and progression, which suggests
that antioxidant defense may provide protection from
cancer (44). Interestingly, in the process of testicular
neoplastic growth, spermatogonial cells evade the
toxic effects of endogenous oxidants due to loss of
CCDCG6 (45). By inhibiting Nrf2-mediated antioxidant
response, m6A RNA methylation may be involved in
oxidative stress in DEHP-related testicular injury (46).
Hence, we speculate that m6A RNA methylation may play
vital roles in the prognosis of TGCT by regulate oxidative
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stress and antioxidant response.

Some limitations of this study are noteworthy. First,
we only analyzed the mRNA expression of m6A RNA
methylation regulators. As we all know, it is not a perfect
method to predict protein expression based on mRNA
expression (47). Furthermore, the current study is based
on bioinformatic analysis. Further experiments and clinical
researches are required.

Conclusions

In summary, our results demonstrated that 21 out of
22 m6A RNA methylation regulators are dysregulated
between T'GCT tissues and normal tissues. Based on six
selected m6A methylation regulators, we developed a m6A
methylation related risk score that can independently
predict the prognosis of TGCT patients, and verify
the prediction efficiency in TCGA and GEO datasets.
Patients in high-risk group were associated with serum
tumor marker study levels beyond the normal limits, non-
seminoma, and unfavorable survival time. However, further
prospective experiments should be carried out to verify our
results.
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