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Aim: To study the expression patterns and prognostic value of the m6A-associated regulators in prostate
adenocarcinoma (PRAD). Materials & methods: The mRNA expression and clinical data were downloaded
from ‘The Cancer Genome Atlas database’. The m6A-associated variants were downloaded from m6AVar
database, and combined with 14 common m6A regulators for subsequent analysis. One-way analysis of
variance, univariate Cox regression analysis and least absolute shrinkage and selection operator algorithm
were successively applied to obtain the ultimate regulators and prognostic model. Finally, consensus clus-
tering, protein–protein interaction (PPI) and enrichment analysis were performed. Result: Nine regulators
were obtained. PRAD patients could be classified into two risk groups and subclasses with significant sur-
vival differences by the prognostic model and consensus clustering, respectively. Conclusion: All these nine
regulators were related to prognosis in PRAD, and could be used as clinical biomarkers.
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Prostate adenocarcinoma (PRAD) is the second most commonly occurring cancer in men worldwide, with an
estimated 1.27 million diagnoses worldwide in 2018, accounting for 13.5% of all male cancers diagnosed [1].
Therefore, it is urgent to study the occurrence, development, diagnosis and treatment of PRAD.

Recent studies [2–5] have found that epigenetics plays an important role in the occurrence and development of
tumors. The diversity of RNA in cell biology processes, such as rRNA, tRNA, mRNA, snRNA and other RNA
chemical modifications has received additional attention [6]. Among them, mRNA modification plays a critical role
in regulating post-transcriptional levels of gene expression. In eukaryotes, N6-methyladenosine (m6A) is the most
common form of mRNA modification [3], which refers to the methylation modification on the 6th nitrogen atom
of adenine, and account for about 0.1–0.4% of all adenine bases [7,8]. It is reported that m6A exists widely in the
transcriptome, with more than 7600 genes and more than 300 noncoding RNA having m6A modifications [9].
According to the different roles of the m6A regulators in the methylation process, the most common m6A regulators
can be divided into three categories [10]: ‘writers’ or methyltransferases (METTL3, METTL14, WTAP, KIAA1429,
RBM15 and ZC3H13), ‘readers’ or binding proteins (YTHDC1, YTHDC2, YTHDF1, YTHDF2, YTHDF3 and
HNRNPC), and ‘erasers’ or demethylases (FTO, ALKBH5), for a total of 14 common m6A regulators. In addition,
recent studies have also revealed that m6A variants are closely related to dysregulation in cellular processes, leading
to serious diseases such as cancer [11,12].

However, at present, the expression pattern, mechanism and prognostic value of m6A-associated regulators in the
development of PRAD have not been studied comprehensively. In the present paper, we used public data to study
the expression patterns and construct a prognostic model of m6A-associated regulators in PRAD, and to explore
biomarkers related to clinical prognosis.
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Materials & methods
Data acquisition
The mRNA expression profiles and clinical data in PRAD patients were downloaded from ‘The Cancer Genome
Atlas’ (TCGA) and The Genotype Tissue Expression (GTEx) database using the R package ‘TCGAbiolinks’ [13].
The m6A-associated variants related to PRAD were downloaded from the m6AVar database [14]. The candidate m6A-
associated regulators were composed of the 14 common m6A RNA methylation regulators (METTL3, METTL14,
WTAP, KIAA1429, RBM15, ZC3H13, YTHDC1, YTHDC2, YTHDF1, YTHDF2, YTHDF3, HNRNPC, FTO
and ALKBH5) and the m6A-associated variants.

Acquisition of m6A-associated regulators & prognostic value model
First, the initial candidate m6A-associated regulators, both containing the gene expression profiles and clinical
information in the TCGA-PRAD dataset, were obtained. Then, one-way analysis of variance (ANOVA) was
applied to screen out the m6A regulators related to the Gleason grade classification (using the parameters of p
< 0.05). Univariate Cox regression analysis was performed to screen out the m6A-associated regulators related to
the prognosis (using the parameters of p < 0.0001 and hazard ratio [HR] >1). Finally, a prognostic risk-scoring
value model was constructed by the least absolute shrinkage and selection operator (LASSO) algorithm using the
R package ‘glmnet’ [15], then the ultimate m6A-associated regulators and risk scores for the PRAD patients were
obtained.

The risk score =
∑n

j=1 Coefj × Xj (Xj represents expression value of each gene, Coefj represents coefficient
obtained from LASSO algorithm).

Validation of the mRNA expression level & survival analysis
To observe the mRNA expression levels and survival analysis of the ultimate m6A-associated regulators in PRAD
patients, the mRNA gene expression profiles of the ultimate regulators in PRAD and normal counterparts from
TCGA target GTEx databases, and survival data in TCGA-PRAD dataset were downloaded from using the R
package ‘TCGAbiolinks’ [13]. Then the R package ‘ggpurb’ was performed for statistical analysis, the R package
‘survival’ and ‘survminer’ were performed for survival analysis.

Validation of the protein expression level
To validate the trend at protein expression level of the up-regulated m6A-associated regulators between PRAD
and normal prostate tissues, the immunohistochemistry images retrieved from the Human Protein Atlas (HPA)
database [16] were investigated.

Consensus clustering & principal component analysis
To further verify the stability and accuracy, and study the function of the ultimate m6A-associated regulators in
PRAD, a consistent clustering analysis was performed using the R package ‘ConsensusClusterPlus’ [17], and then the
PRAD patients were classified into different subclasses. Next a principal component analysis (PCA) was performed
to judge the correctness of the classification. The parameters were set to resample rate of 80%, maximum clustering
number of ten, clustering distance of Euclidean distance and clustering method of k-means.

PPI networks analysis
To further explore the interaction networks between the ultimate regulators, we extracted the protein–protein
association networks from String database [18]. Meanwhile, a Pearson correlation coefficient analysis was performed
to calculate the correlation between the ultimate m6A-associated regulators.

Enrichment analysis
To explore the functional and signaling pathway enrichment analysis between the subclasses, the differential
expression genes (DEGs) that were significantly expressed between the subclasses were first screened out using the
R package ‘edgeR’ [19] (using the parameters of p < 0.05 and FC ≥1.5). The gene ontology (GO) function and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were then carried out using the
R package ‘clusterprofiler’ [20].

1718 Biomark. Med. (2020) 14(18) future science group



Expression & prognosis of m6A regulators in prostate adenocarcinoma Research Article

Table 1. The m6A-associated regulators related to recurrence-free survival in prostate adenocarcinoma.
Gene p-value HR Lower 95% CI Upper 95% CI

ANKLE1 2.03e-05 3.629255 2.006137 6.565599

UIMC1 7.27e-06 4.115421 2.217931 7.636257

CKAP2L 2.51e-05 3.299519 1.89379 5.748695

DNAH17 8.64e-05 3.359837 1.83472 6.152713

C19orf57 2.22e-06 3.959251 2.239214 7.000523

RFC5 2.82e-05 3.492185 1.944895 6.270446

COL11A2 3.00e-05 3.279385 1.877372 5.728415

WDR90 1.64e-05 3.693391 2.0385 6.691752

AMDHD2 4.97e-05 3.489443 1.907865 6.382115

DGKQ 9.17e-05 3.150163 1.772682 5.598028

DNHD1 9.85e-06 3.602239 2.040771 6.358443

The HR, 95% CI were calculated by uni-variate Cox regression analysis.
HR: Hazard ratio; RFS: Recurrence-free survival.

Statistical analysis
All statistical analyses were completed in R software version 3.6.2, using RStudio version 1.2.5001. Aov function was
used for one-way ANOVA, R package ‘pheatmap’ for cluster analysis, coxph function for univariate Cox regression
analysis, R package ‘glmnet’ [15] for LASSO algorithm, R package ‘survival’ and ‘survminer’ for survival analysis,
R package ‘corrplot’ for Pearson correlation coefficient analysis, prcomp function for PCA analysis. Categorical
variables were compared using χ2 analysis, Fisher’s exact or the binomial tests of proportions. Continuous data were
compared using independent t-tests. Kaplan–Meier analysis and Cox proportional hazard models were applied for
survival analysis. Multivariate Cox proportional hazards regression model was adopted to adjust for covariate effects,
and stratification analysis was used to reduce the potential confounding effect on the estimation of HR. Missing
data were coded and excluded from the analysis. p < 0.05 was considered to indicate a statistically significant
difference.

Results
Acquisition of the initial m6A regulators related to Gleason grade in PRAD
First, a candidate gene set containing 913 m6A-associated methylation regulators was obtained. Among them,
889 m6A-associated variants related to PRAD were obtained from the m6aVar database. Next, a total of 898
m6A regulators and 368 cases of PRAD patients with both mRNA expression profiles and clinical information in
TCGA-PRAD dataset were acquired.

According to the Gleason grading system, the PARD patients were divided into three grades: low grade (Gleason
score ≤6), medium grade (Gleason score = 7) and high grade (Gleason score = 8–10), of which 41 cases of low
grade, 186 cases of medium grade and 141 cases of high grade, respectively. Finally, 329 m6A-associated regulators
significantly related to Gleason grade classification were initial obtained by one-way ANOVA (p < 0.05).

Acquisition of the m6A regulators related to prognosis in PRAD
The PRAD patients were classified into high- and low-expression groups according to the mean value of gene
expression values. Finally, 11 m6A regulators related to the recurrence-free survival (RFS) in patients with PRAD
were screened out (Table 1; p < 0.0001 and HR >1) by univariate Cox regression analysis on those initial m6A
regulators. The overall survival analysis was not considered as only eight cases of deaths were found during present
study. The result suggested that these regulators might be primary prognostic risk factors in PRAD.

Construction of the prognostic risk-scoring model in PRAD
To better predict the effect of the 11 m6A-associated regulators on the clinical prognostic outcomes in PARD
patients, a LASSO regression model algorithm was performed to construct a prognostic risk-scoring model (Fig-
ure 1A). According to the minimum criteria of the prognostic model, nine m6A-associated regulators were ultimately
obtained. The coefficients obtained from LASSO algorithm were used to further calculate the risk score (Figure 1B).
Then divided the PRAD patients into high- and low-risk groups based on the mean risk score, of which 163 cases
of patients in high-risk group and 205 cases of patients in low-risk group. At last, a Kaplan–Meier RFS survival

future science group www.futuremedicine.com 1719



Research Article Ou-Yang, Liu & Wang

Coefficient
20 4

AMDHD2

DGKQ

RFC5

ANKLE1

CKAP2L

COL11A2

m
6A

-a
ss

o
ci

at
ed

 r
eg

u
la

to
rs

DNAH17

C19orf57

UIMC1

Coefficients of the prognostic model

5.419

0.986

0.878

0.567

0.537

0.534

0.305

0.214

0.143

0.0

0.2

0.4

0.6

0.8

Time (months)

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

300 60 90 120 150

1.0

Log-rank
p = 1.12e-06

Recurrence-free survival

Group
High risk (n = 163)
Low risk (n = 205)

Log (lambda)
-6-7 -5 -4 -3

0

11.0

11.2

11.4

11.6

11.8

P
ar

ti
al

 li
ke

lih
o

o
d

 d
ev

ia
n

ce

12.0

10 10 10 10 9 9 9 9 9 9 9 9 8 7 6 4

Figure 1. Construction of the prognostic model in prostate adenocarcinoma. (A) Risk signature with the 11
m6A-associated regulators. Nine m6A regulators were ultimately obtained based on the value of lambda. (B) The risk
coefficients of the ultimate m6A-associated regulators. The coefficients were calculated by multi-variate Cox
regression using LASSO algorithm. (C) Kaplan–Meier RFS curves for TCGA-PRAD dataset assigned to high- and low-risk
groups based on the risk score (p = 1.12e-06).
LASSO: Least absolute shrinkage and selection operator; PRAD: Prostate adenocarcinoma; RFS: Recurrence-free
survival; TCGA: The Cancer Genome Atlas.

analysis based on the risk score was performed to verify the model, and the result indicated significant difference
between the two groups (p = 1.12e-06, Figure 1C).

Comparison of the clinicopathological characteristics in PRAD between high- & low-risk groups
Next, we compared the clinicopathological characteristics between the two risk groups (Table 2). The results showed
significant differences in age, Gleason grade, stage T and stage N. The age of high-risk group was younger than
low-risk group, and most of them were high grade, stage T2 and T3, and stage N1. The low-risk group were mostly
medium and low grade, stage T1, and stage N0 (Figure 2A & B).
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Table 2. Comparison of the clinicopathological characteristics between high- and low-risk groups.
Parameters Group High risk (n = 163) Low risk (n = 205) χ2-value p-value

Age (year) �60 63 107 6.168 0.013

≤60 100 98

Gleason grade High grade 103 38 77.169 2.20e-16

Medium grade 47 139

Low grade 13 28

Stage T T1 44 84 - 0.008684†

T2 70 75

T3 26 21

T4 2 0

TX 21 25

Stage N N0 112 151 16.924 3.89e-05

N1 42 15

Nx 9 39

Stage M M0 150 189 - -

M1 0 0

Mx 13 16

†Represents Fisher’s exact test.

The mRNA expression levels & survival analysis in PRAD
The mRNA expression profiles of the ultimate regulators between PRAD and normal counterparts were examined
in TCGA target GTEx database, and the results indicated that all were significantly expressed in PRAD patients,
of which three regulators (AMDHD2, CKAP2L and RFC5) were significantly up-regulated, and six regulators
(ANKLE1, C19orf57, COL11A2, DGKQ, DNAH17 and UIMC1) significantly down-regulated (Figure 3A). Next,
we performed a Kaplan–Meier progression-free survival (PFS) analysis on the different expression of these ultimate
regulators, and the results also all showed significantly significant differences (Figure 3B). Finally, multiple risk
factors for PRAD were analyzed by univariate and multivariate Cox hazard models, the results of univariate analysis
showed that the survival prognosis of PRAD is associated with Gleason grade, stage T, stage N and all the nine
ultimate regulators expression, the present results also revealed the expression of nine ultimate regulators was
associated with PFS prognosis in multivariate analysis (Table 4).

The protein expression levels of the up-regulated regulators in PRAD
We next validated the trend at the protein level of the three up-regulated regulators (AMDHD2, CKAP2L and
RFC5) between the glandular cells (normal prostate tissue) and PRAD (tumor tissue). In the immunohistochemistry
data from the HPA database, the PRAD patients’ samples for the three up-regulated regulators had moderate or
weak staining signals, whereas no staining was detected in normal prostate tissue (Figure 4A–F).

Consensus clustering of m6A-associated regulators identified two subclasses of PRAD
To study the function of the ultimate regulators in PRAD, a consensus clustering analysis was performed on the
368 cases of PRAD patients according to the expression similarity of the nine ultimate m6A-associated regulators.
The results indicated that during the process from k = 2 to k = 10, with the increase of clustering stability, k = 2 was
a suitable classification number (Figure 5A–C). Therefore, the PRAD patients could be divided into two clinical
subclasses, of which 177 cases of patients in class 1 and 191 cases of patients in class 2. Finally, we analyzed the
two subclasses by PCA, and the results showed class 1 and class 2 could gathered together, respectively (Figure 5D).
These results indicate that the results of our classification by m6A-associated regulators were correct.

Comparison of the clinicopathological characteristics & prognosis between the two subclasses
Next, we compared the clinicopathological characteristics and RFS prognosis between the two subclasses. The
results indicated significant differences in Gleason grade, stage T stage and stage N. In class 2, high grade, stage T2
and T3, and stage N1 were most common, while in class 1 were mostly medium and low grade, stageT1, and stage
N0 (Table 3 & Figure 6A). The results of Kaplan–Meier RFS survival analysis based on the consensus clustering
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Figure 2. Clinicopathological characteristics in prostate adenocarcinoma patients between high- and low-risk
groups. (A) The heatmap showed the expression levels of the nine m6A-associated regulators in high- and low-risk
groups. The distribution of clinicopathological features was compared between the high- and low-risk groups. (B)
Distribution of risk scores in TCGA-PRAD dataset stratified by age, Gleason grade, stage T and stage N. Note: Tx, Nx,
Mx were not analyzed.
*p < 0.01; **p < 0.001; ***p < 0.001.
PRAD: Prostate adenocarcinoma; TCGA: The Cancer Genome Atlas.

analysis also suggested that class 2 was significantly lower than class 1 (Figure 6B). In conclusion, we believed that
class 2 was the high-risk group.
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Gene expression levels of the m6A related regulators
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Figure 3. Analysis of the mRNA expression levels and survival in prostate adenocarcinoma patients. (A) All the nine
regulators were significantly expressed in patients with PRAD compared with the normal counterparts, of which
three regulators (AMDHD2, CKAP2L and RFC5) were significantly up-regulated, and six regulators (ANKLE1, C19orf57,
COL11A2, DGKQ, DNAH17 and UIMC1) were significantly down-regulated. (B) Kaplan–Meier PFS curves for
TCGA-PRAD dataset assigned to high (red) and low (green) expression on the nine regulators showed all significantly
different.
PFS: Progression-free survival; PRAD: Prostate adenocarcinoma; TCGA: The Cancer Genome Atlas.

Table 3. Comparison of the clinicopathological characteristics between class 1 and class 2.
Characteristic Group Class 1 (n = 177) Class 2 (n = 191) χ2-value p-value

Age (years) �60 88 82 1.4398 0.2302

≤60 89 109

Gleason grade High grade 36 105 47.39 5.12e-11

Medium grade 113 73

Low grade 28 13

T stage T1 77 51 – 0.0001956†

T2 63 82

T3 14 33

T4 0 2

TX 23 23

N stage N0 132 131 14.91 0.000113

N1 12 45

Nx 33 15

M stage M0 163 176 – –

M1 0 0

Mx 14 15

†Represents Fisher’s exact test.
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Figure 4. The protein expression levels of the up-regulated regulators in prostate adenocarcinoma patients. The
representative protein expression of AMDHD2 in normal prostate tissue. (B) The representative protein expression of
AMDHD2 in PRAD tissue. (C) The representative protein expression of CKAP2L in normal prostate tissue. (D) The
representative protein expression of CKAP2L in PRAD tissue. (E) The representative protein expression of RFC5 in
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PRAD: Prostate adenocarcinoma.

Table 4. Univariate and stepwise multivariate Cox harzard analysis of risk factors.
Characteristics Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

AMDHD2 1.32 0.96–1.83 0.008 2.85 0.03–23.53 0.046

ANKLE1 1.79 1.43–2.23 3.52e-07 0.06 0–7.01 0.025

C19orf57 2.11 1.61–2.77 7.012e-08 5.49 0.15–19.24 0.001

CKAP2L 1.49 1.28–1.74 2.98e-07 0.06 0.02–0.18 3.18e-07

COL11A2 1.6 1.39–1.85 1.70e-10 5.76 0.04–31.27 0.035

DGKQ 1.97 1.4–2.76 8.79e-05 11.7 0.23–59.96 0.013

DNAH17 2 1.53–2.62 5.30e-07 0.58 0–0.65 0.043

UIMC1 4.78 2.48–9.21 2.98e-06 0.01 0–1.9 0.018

RFC5 3.38 2.06–5.52 1.29e-06 23.88 14.87–38.6 3.88e-08

Age (years) 1.02 0.99–1.05 0.155 – – –

Gleason grade 4.13 2.69–6.35 9.27e-11 0.66 0–157.48 0.028

Stage T 2.69 1.79–4.03 1.68e-06 1.01 0.01–18.18 0.097

Stage M 3.58 0.49–25.82 0.207 – – –

Stage N 1.89 1.17–3.05 0.01 15.92 0.12–21.17 0.169

HR: Hazard ratio.

PPI analysis on the ultimate m6A-associated regulators
We extracted its protein–protein association networks from String’s website, and a network of nine nodes with one
edge of protein interaction diagram were finally collected, in which node ANKLE1 and UIMC had an interactive
regulatory relationship (Figure 7A). Meanwhile, we analyzed the correlation between these ultimate m6A-associated
regulators using Pearson correlation coefficient analysis, and the results showed that AMDHD2 was significantly
correlated with UIMC1, CKAP2L and RFC5, DNAH17 was significantly correlated with CKAP2L, respectively
(Figure 7B).
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component analysis of the total RNA expression profile in the TCGA dataset. PRAD in the class 1 subgroup are marked
with red, and the class 2 subgroup are marked with green.
CDF: Cumulative distribution function; PRAD: Prostate adenocarcinoma; TCGA: The Cancer Genome Atlas.

Enrichment analysis between the subclasses in PRAD
Next, an edgeR algorithm was conducted to obtain the DEGs that were significantly different in class 2 compared
with class 1. A total of 786 DEGs were finally obtained, of which 439 DEGs were significantly up-regulated and
347 DEGs significantly down-regulated.

The GO function and KEGG signaling pathway enrichment analysis were performed on the up- and down-
regulated DEGs, respectively. The GO functional annotations enrichment analysis was performed to analyze
the functions in biological processes (BP), cellular components (CC) and molecular functions (MF). The up-
regulated genes were mainly related to ‘microtubule cytoskeleton organization’, ‘chromosome segregation’ and
‘sister chromatid segregation’ in BP, ‘condensed chromosome’, ‘centromeric region’ and ‘condensed chromosome’
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in CC, ‘peptidase inhibitor activity’, ‘endopeptidase inhibitor activity’ and ‘endopeptidase regulator activity’ in MF
(Figure 8A). The down-regulated genes were mainly related to ‘muscle contraction’, ‘muscle system process’ and
‘heart contraction’ in BP, ‘contractile fiber’, ‘myofibril’ and ‘contractile fiber part’ in CC, ‘ion channel binding’,
‘actin binding’ and ‘structural constituent of muscle’ in MF (Figure 8B).

Furthermore, the KEGG signaling pathways analysis for up-regulated genes were mainly related to ‘cell cycle’,
‘neuroactive ligand–receptor interaction’, ‘p53 signaling pathway’ ‘endocrine resistance’ and ‘oocyte meiosis’ (Fig-
ure 8C), and the KEGG pathways analysis for down-regulated genes were mainly related to ‘vascular smooth muscle
contraction’, ‘calcium signaling pathway’, ‘cGMP-PKG signaling pathway’, ‘adrenergic signaling in cardiomyocytes’
and ‘cardiac muscle contraction’.
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Discussion
The RNA modification is a post-transcriptional regulation, and more than 150 RNA modifications have been
identified [8]. They are widely distributed in various types of RNA [21]. Among them, the mRNA methylation
modification accounts for more than 60% [22], and N6-methyladenosine is the most common modification for
mRNA and lncRNAs in higher organisms [8]. The m6A modification has also been found to be present in
microRNA, circRNA, rRNA, tRNA and snoRNA [23]. The function of the m6A modification is determined by
‘writer’, ‘eraser’ and ‘reader’. The ‘writer’, also called RNA methyltransferases, catalyze the methylation process.
However, the ‘eraser’ or demethylases can reverse the RNA methylation. In addition, the m6A methylation can be
recognized by the ‘reader’, also called m6A-binding proteins. All three effectors jointly regulate the process of RNA
methylation modification. As the most abundant internal modification in eukaryotic, m6A has been shown to play
essential roles in various normal bioprocesses recently [8]. It is known that cancer has many potential links with
m6A modifications [7], evidence also indicated that m6A modification and its regulators play critical roles in various
cancers at level of mRNA methylation [7,22]. Besides, m6A is also considered to influence the lncRNA splicing [24]

and miRNA processing [25], which might alter the cancer progression [26,27].
Furthermore, more studies have revealed that the m6A-associated variants are also closely linked to the dysreg-

ulation in cellular processes, even leading to serious diseases, such as cancer [11,12]. Functional variants, especially
cancer mutations, can significantly alter the status of m6A, leading to the gain or loss of N6-methyladenosine.
Meng et al. [28] have indicated that genetic variants in m6A modification genes might be promising predictors of
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colorectal cancer risk. The m6AVar database is specifically designed to collect such functional variants, and aimed at
providing potential help for revealing the functional roles of the m6A variants. So far, 352,014 germline mutations
from dbSNP and 62,227 somatic mutations from TCGA database have been included in m6Avar database. In the
present study, the candidate m6A-associated regulators were composed of the common m6A regulators and the
m6A-associated variants related to PRAD. The m6A-associated variants related to PRAD were downloaded from
the m6AVar database, and combined with the 14 common m6A regulators for subsequent analyses.

To our knowledge, the expression pattern, mechanism, clinical characteristics and prognostic value of the m6A-
associated regulators in PRAD have been rarely reported. At the mRNA level, several studies [29–31] have indicated
that METTL3 promotes the growth and progression of PRAD. A comprehensive silico analysis found that the
survival benefits of PRAD patients with overexpression of ‘reader’ and ‘writer’ in mRNA methylation was poor.
In addition, at the noncoding RNA level, Daniela et al. [32] investigated m6A biological function for lncRNAs
in PRAD by ELISA and western blot methods, and speculated a novel regulatory mechanism whereby VIRMA
knockdown reduces the stability of oncogenic lncRNA by reducing m6A mark, thereby alleviating the malignant
biology of prostate cancer. The potential role of m6A modification in PRAD was the focus on the present study.
In the present paper, we systematically used bioinformatics analysis on TCGA databases, and for the first time
demonstrated the expression patterns and constructed a prognostic model of the m6A-associated regulators in
PRAD, as well as exploring their use as clinical biomarkers. However, the detailed molecular mechanisms of these
biomarkers in progression of PRAD need to be explored in further studies.

In the present study, a one-way ANOVA related to Gleason grade, univariate Cox regression analysis related
to RFS, and LASSO regression model algorithm in PRAD were successively applied, Finally, a prognostic risk-
scoring model with nine m6A-associated regulators was ultimately built. Since only eight cases of death were found
in the TCGA-PRAD dataset, the overall survival analysis was not considered. Following, according to the risk-
scoring model, the PRAD patients were divided into high- and low-risk groups, the results of clinicopathological
characteristics and RFS survival analysis both confirmed the significant difference between the two risk groups.
Preliminary conclusions are that these m6A-associated regulators have clinical prognostic significance.

In addition, the results of mRNA expression levels and PFS analysis on the ultimate m6A-associated regulators in
PRAD patients indicated that all these nine m6A-associated regulators were significantly different in PRAD patients.
The results were also validated by univariate and stepwise multivariate Cox hazard analysis. Among the mRNA
expression levels, three regulators were significantly up-regulated and others were significantly down-regulated when
comparing expression in PRAD and normal prostate patients. Next, we validated the protein expression level of
the three up-regulated m6A-associated regulators (AMDHD2, CKAP2L and RFC5) between the normal prostate
tissue and prostate cancer tissue from the HPA database, the PRAD patients showed moderate or weak staining
signals, whereas it was not detected in all normal prostate tissue. These results provide a preliminary validation
of the clinical results. However, due to the lack of large sample data in HPA database, further statistical analysis
is needed to support the results. Nevertheless, there is no relevant literature report on the role of AMDHD2 in
cancer. Xiong et al. [33] have implied that CKAP2L expression is enhanced in lung adenocarcinoma tissues and is
predictive of poor prognosis in lung adenocarcinoma patients, Wang et al. [34] have indicated that a high RFC5
expression is associated with more aggressive malignant clinicopathological in lung cancer. However, the expression
and mechanism of CKAP2L and RFC5 in prostate cancer have not been reported, more in vitro and in vivo research
is desirable to clarify the results.

Subsequently, a consensus clustering analysis on the PRAD patients was performed, and the PRAD patients
could be classified into two subclasses. The results indicated significant differences in both clinicopathological
characteristics and RFS. Next, we extracted its PPI association networks, and finally a network of nine nodes with
one edge of protein interaction diagram were collected. These results mean that our current set of proteins may be
rather small or essentially a random collection of proteins that are not very well connected. However, this does not
necessarily mean that it is not a biologically meaningful selection of proteins; it could simply be that these proteins
have not been studied very much and that their interactions might not yet be known to String database. Finally, the
results of PCA also indicated significant differences between the two subclasses. All these results implied significant
differences between the two subclasses.

Furthermore, GO functional and KEGG pathways enrichment analysis on the DEGs clusters between the two
subclasses was utilized, respectively. In the GO analysis of the BP’s domain for the up-regulated genes, the most
cancer related annotations were found for ‘microtubule cytoskeleton organization’, at present, studies on disease and
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disorder research in relation to the microtubule cytoskeleton organization in prostate cancer have been reported [35–

37]. The next cancer related annotations was ‘chromosome segregation’, chromosomal instability is now known to
be one of the hallmarks of cancer [38,39], Pan et al. [40] demonstrated that increasing chromosome segregation can
lead to tumor cell growth in human prostate cancer. In the KEGG analysis for the up-regulated genes, the most
cancer related pathways was ‘cell cycle’, which has been reported to be associated with malignancy, carcinogenesis
and cellular transformation [41,42]. Most researches have demonstrated that cell cycle link to recurrence, growth
and migration of PRAD [43–45]. The next cancer related signaling pathways was ‘p53 signaling pathway’, which is a
typical cancer signaling pathway, Wan et al. [46] have demonstrated that PRAD cells exhibited low p53 expression,
and the proliferation, migration and adhesion abilities of PRAD cells were promoted by inhibiting the activation of
janus kinase (JNK) and extracellular signal-regulated kinase (ERK). More interestingly, enrichment analysis in the
down-regulated genes revealed the involvement of ‘muscle contraction’ in both GO biological function and KEGG
signaling pathway, as well as the involvement of ‘calcium signaling pathway’ and ‘cGMP-PKG signaling pathway’ in
KEGG analysis. However, at present, there is a lack of research on this aspect in cancer. Therefore, we hypothesize
that these genes might coordinate muscle contraction through these signaling pathways to regulate tumorigenesis.
However, further in vivo and in vitro experiments are desirable to validate the downstream mechanism studies such
as biological function and signaling pathways in PRAD.

Conclusion & future perspective
In summary, we comprehensively analyzed the expression pattern and prognostic model value of the m6A-associated
regulators in PRAD patients, and nine m6A-associated variants related to the RFS of PRAD were ultimately
obtained. Consensus clustering analysis on these regulators could divide PRAD into two subclasses with significant
RFS prognosis, suggesting that these nine m6A-associated regulators could be used as biomarkers for clinical
prognosis.

Summary points

• The first study to demonstrate the expression patterns and construction of a prognostic model of m6A-associated
regulators in prostate adenocarcinoma (PRAD).

• A prognostic model with nine m6A-associated variants was ultimately obtained.
• All these nine m6A-associated regulators were related to the prognosis of PRAD, and could be used as biomarkers

related to clinical prognosis.
• All these nine m6A-associated regulators were significantly regulated in PRAD.
• Six regulators were significantly down-regulated, and three regulators were significantly up-regulated in PRAD.
• These three up-regulated regulators were confirmed significant expression from the protein level in PRAD.
• PRAD patients could be classified into two risk groups with significant recurrence-free survival differences based

on the prognostic model.
• PRAD patients could divided into high- and low-risk subclasses with significant recurrence-free survival

differences by consensus clustering analysis.
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32. Barros-Silva D, Lobo J, Guimarães-Teixeira C et al. VIRMA-dependent N6-methyladenosine modifications regulate the expression of
long non-coding RNAs CCAT1 and CCAT2 in prostate cancer. Cancers (Basel) 12(4), 771 (2020).

33. Xiong G, Li L, Chen X et al. Up-regulation of CKAP2L expression promotes lung adenocarcinoma invasion and is associated with poor
prognosis. Onco Targets Ther. 12, 1171–1180 (2019).

34. Wang M, Xie T, Wu Y et al. Identification of RFC5 as a novel potential prognostic biomarker in lung cancer through bioinformatics
analysis. Oncol. Lett. 16(4), 4201–4210 (2018).

35. Levrier C, Rockstroh A, Gabrielli B et al. Discovery of thalicthuberine as a novel antimitotic agent from nature that disrupts microtubule
dynamics and induces apoptosis in prostate cancer cells. Cell Cycle 17(5), 652–668 (2018).

36. Mukhtar E, Adhami VM, Sechi M, Mukhtar H. Dietary flavonoid fisetin binds to beta-tubulin and disrupts microtubule dynamics in
prostate cancer cells. Cancer Lett. 367(2), 173–183 (2015).

37. Ho SM, Rao R, To S, Schoch E, Tarapore P. Bisphenol A and its analogues disrupt centrosome cycle and microtubule dynamics in
prostate cancer. Endocr. Relat. Cancer 24(2), 83–96 (2017).

38. Bochtler T, Kartal-Kaess M, Granzow M et al. Micronucleus formation in human cancer cells is biased by chromosome size. Genes
Chromosomes Cancer 58(6), 392–395 (2019).

39. Zhang BN, Bueno Venegas A, Hickson ID, Chu WK. DNA replication stress and its impact on chromosome segregation and
tumorigenesis. Semin. Cancer Biol. 55, 61–69 (2019).

40. Pan HW, Su HH, Hsu CW, Huang GJ, Wu TT. Targeted TPX2 increases chromosome missegregation and suppresses tumor cell
growth in human prostate cancer. Onco Targets Ther. 10, 3531–3543 (2017).

41. Wenzel ES, Singh ATK. Cell-cycle checkpoints and aneuploidy on the path to cancer. In Vivo 32(1), 1–5 (2018).

42. Jacobberger JW, Sramkoski RM, Stefan T, Woost PG. Multiparameter cell cycle analysis. Methods Mol. Biol. 1678, 203–247 (2018).

43. Nam RK, Benatar T, Wallis CJD et al. MicroRNA-139 is a predictor of prostate cancer recurrence and inhibits growth and migration of
prostate cancer cells through cell cycle arrest and targeting IGF1R and AXL. Prostate 79(12), 1422–1438 (2019).

44. Georgescu C, Corbin JM, Thibivilliers S et al. A TMEFF2-regulated cell cycle derived gene signature is prognostic of recurrence risk in
prostate cancer. BMC Cancer 19(1), 423 (2019).

45. Rubicz R, Zhao S, April C et al. Expression of cell cycle-regulated genes and prostate cancer prognosis in a population-based cohort.
Prostate 75(13), 1354–1362 (2015).

46. Wan J, Zhang J, Zhang J. Expression of p53 and its mechanism in prostate cancer. Oncol. Lett. 16(1), 378–382 (2018).

future science group www.futuremedicine.com 1731





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


