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Abstract

Background: Although aberrant expression of N6-methyladenine (m°A) methyla-
tion-related genes contribute to tumorigenesis in many solid tumors, the prognostic
value of the m®A-related genes and their correlation with clinicopathological features
in gliomas need advanced study.

Methods: The clinical and sequencing data of 288 patients with glioma were ex-
tracted from Chinese Glioma Genome Atlas database. By univariate and multivari-
able Cox regression analysis, the mPA-related prognostic genes were identified, and
their correlation with clinicopathological features was further analysis. A nomogram
was constructed by R software and the performance of it was assessed by calibration
and time-dependent receiver operating characteristic curve.

Results: Nine m®A-related genes were identified as independent prognostic factors,
which were mostly enriched in RNA splicing, regulation of immune response and
vesicle-mediated transport. By expression value and regression coefficient of these
genes, we constructed risk score of each patient, which was highly associated with
clinicopathological features. Kaplan—Meier curve showed that the prognosis of pa-
tients with high-risk scores was significantly worse than that with low-risk scores
(HR = 4.30, 95% CI = 3.16-5.85, p < 0.0001). A nomogram was constructed based
on the nine m®A-related genes signature and clinicopathological features with well-
fitted calibration curves (c-index = 0.82), showing high specificity and sensitivity
(area under the curve for 1-, 3-, and 5-years survival probability = 0.874, 0.918, and
0.934).

Conclusions: A nine m°A-related genes signature was identified in gliomas. The
mPA-related risk score is a novel prognostic factor for patients with glioma, and is
associated with clinicopathological features. Moreover, the nomogram based on the
nine m®A-related genes signature and clinicopathological features had good efficacy

in predicting the survival probability.
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1 | INTRODUCTION
Glioma, a brain tumor that originates from the neuroepi-
thelium, is a frequent primary intracranial malignant tumor.
According to the 2016 World Health Organization (WHO)
classification system, gliomas can be divided into two cat-
egories: low-grade glioma (LGG, WHOI-II) and high-grade
glioma (HGG, WHOIH-IV).1 HGG, which are characterized
by high invasiveness and heterogeneity, accounts for more
than half of intracranial primary malignant tumors. The statis-
tical report of the Central Brain Tumor Registry of the United
States showed that the patients with glioma between 2011 and
2015 in the United States accounted for 26% of all intracranial
tumor patients and 81% of all intracranial malignant tumor
patients.2 Currently, the effective treatments for gliomas in-
clude surgery, radiotherapy, and chemotherapy. However,
these combination therapy has a limited effect on patients
with glioma and the overall survival (OS) of patients is still
unsatisfactory. The median survival is only 12-15 months
for glioblastomas and 2-5 years for anaplastic gliomals.3
Therefore, it is critical to explore the molecular mechanisms
underlying glioma and find effective prognostic biomarkers.
N6-methyladenine (méA) methylation modification of
mRNA in eukaryotes was first reported as early as 1974
However, it is not until recently that its regulatory mech-
anism is gradually revealed. Increasing studies have con-
firmed that m®A modifications are played an important role
in regulating tumor initiation and progression.s’7 As we all
known, m°A methylation is the most common modification
in the internal sequence of eukaryotic RNA, which depends
on the precise regulation of three kinds of molecules, such as
writer like METTL14, eraser like ALKBHS and reader like
YTHDF3.® However, it is a very complex biological process
that involves various molecular abnormalities. In recent years,
it has been found that m(’A-demethylase was upregulated and
involved in malignant biological process in gliomas.”!! For
instance, Sicong Zhang et al reported that high expression
of RNA demethylase ALKBHS5 promotes glioma stem cells
(GSC) self-renewal and proliferation.lo Additionally, Qi Cui
et al observed that knockout of fat mass and obesity-associ-
ated protein (FTO) inhibits GSC self-renewal and proliferation
and promotes GSC differentiation.' Abhirami Visvanathan
confirmed that METTL3 overexpression are essential for
GSC maintenance by regulating A-to-I and C-to-U editing.13
However, the correlation between expression levels of m°A
methylation-related genes and clinicopathological features of
gliomas have not been comprehensively investigated, and their
prognostic value for gliomas is still further worthy to explore.
Therefore, we extracted the clinical and RNA sequenc-
ing data of patients from Chinese Glioma Genome Atlas
(CGGA) database, which included more than 2000 glioma
samples from Chinese patients, to systematically analyze the
correlation between expression of m’A methylation-related
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genes and clinicopathological features, and their prognostic
value for patients in this study. Furthermore, a prediction
model would be constructed based on the hub m®A-related
genes and clinical data of patients, which is of great signifi-
cant to design individual treatment strategy for patients with
different prognosis.

2 | METHOD

2.1 | Data collection

We extracted the clinicopathological data and RNA sequenc-
ing data of patients with glioma from the data set 31415 of
CGGA (http://cgga.org.cn/). Finally, we included 288 pa-
tients with glioma into this study.

22 | Select m*A methylation-related
genes and data processing

First of all, we searched the candidate genes related to the
word of “m®A methylation” from the GeneCards database
(https://www.genecards.org/), and then, screened the m®A-
related genes with the relevant score > 1. Finally, we obtained
67 m®A-related genes. The sequencing data of mPA-related
genes were normalized by “preprocessCore” package.

2.3 | Identification of the m°A methylation-
related genes of patients' prognosis

The m°A methylation-related genes affecting patients' prog-
nosis was identified by univariate Cox analysis. The gene
with p < 0.05 was further included into multivariate Cox re-
gression analysis for identifying the independent prognostic
genes of patients.

2.4 | The correlation between risk score and
clinicopathological features of patients

The risk score was calculated by the expression levels of mPA
methylation-related gene and its coefficient. The formula of
risk score is as follows:

Risk score= ) (Gene; * Coef)).

1

n
i=

Chi-square test was performed to explore the correlation
between clinicopathological features and risk score. The risk
score on prognosis of patients with glioma was analyzed by
Kaplan—Meier survival analysis.
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2.5 | Construction and validation of
nomogram

Based on clinicopathological features and risk score, a com-
posite model is constructed by using “Survival” package and
“rms” package. Calibration curves and time-dependent re-
ceiver operating characteristic (ROC) curve are performed to
test the accuracy of the prognostic model.

2.6 | Biological function analysis

To explore the biological function of m°A methylation-
related genes in gliomas, we retrieved the 25 most relevant
co-expressed genes in the TCGA-CNS/Brain (https:/www.
cboportal.org/).m’17 The m°A methylation-related genes of
patients' prognosis and the co-expressed genes were further
entered into Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis.
Additionally, we used the String database to observe the pro-
tein—protein interaction between proteins encoded by m®A
methylation-related genes (https:// string-db.org/).18

2.7 | Statistical analysis

All data were analyzed by SPSS software (version 23.0, IBM
Corp.) and R software version 3.6.1. Chi-square test was used
for classified variables. The mRNA levels of m®A-related
genes in gliomas with different WHO grades were compared
by One-way ANOVA, and the pairwise comparison between
groups was performed by least significant difference test. An
independent sample ¢ test and the Mann—Whitney U test were
used to compare the expression levels in gliomas for age, gen-
der, isocitrate dehydrogenase (IDH) status, and 1p/19q status.
A calibration plot was drawn by comparing nomogram-pre-
dicted survival probability with the Kaplan—Meier-estimated
survival probability. Moreover, we performed time-dependent
ROC curve analysis using “survival ROC” package. Survival
curves were depicted using the Kaplan—-Meier method and
compared using the log—rank test. All tests were two-sided,
and p < 0.05 were considered to be statistically significant
(*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001).

3 | RESULTS

3.1 | Characteristic of patients with glioma

In this study, we identified 288 patients with RNA-
sequencing data and complete clinicopathological data
from CGGA database. The detailed characteristics of all
patients were showed in Table S1. The average age and

median survival of patients were 43.23 + 0.72 years and
25.63 months, respectively. The 1-, 3-, and 5-year survival
probability for patients were 62.44%, 42.71%, and 32.99%,
respectively.

3.2 | Identification of m*A methylation-
related genes of patients' prognosis

To identify the m®A methylation-related genes affect-
ing patients' prognosis, 67 candidate genes were ob-
tained from GeneCards database. Due to the exclusion
of LOC100418723 and RIDA, which were lacked of the
sequencing data, the remaining 65 genes were finally in-
cluded into univariate analysis for patients' prognosis. A
total of 40 genes remained (p < 0.01). Consequently, the
40 significant genes (p < 0.01) were further entered into
multivariate analysis.

Finally, the multivariate analysis identified nine indepen-
dent prognostic genes (Table S2). The biological function
and hazard regression coefficients of the nine mPA-related
genes signature were shown in Table S3. Next, risk score of
each patient was calculated by expression value and the coef-
ficients of each independent prognostic gene. The calculation
formula is as follows: Risk score = ADCY3*(—1.51) + ALK
BH5%(3.34) + DGCR8#(1.61) + FHL2*(-2.21) + FTO*(2.
12) + PICALM*(2.04) + TRMT112%(5.16) + YTHDF2*(1.
76) + YTHDF3#(2.70).

3.3 | The expression level of nine m°*A
methylation-related genes in gliomas

We statistically analyzed the sequencing data of nine m°A
methylation-related genes in 288 patients with glioma.
The correlation between the expression level of each gene
and WHO grade was presented as heatmaps (Figure 1A).
Meanwhile, we also compared the differential expression of
nine m°A methylation-related genes in different WHO grades.
The results showed that each m°A methylation-related gene
was significantly associated with WHO grades (Figure 1B-J).

Moreover, we also used the glioma data of TCGA to an-
alyze the differential expression of each gene between WHO
grade II and WHO grade III glioma. Except for the genes of
FHL2 and YTHDEF3, there were significant differential ex-
pression of the other genes between WHO grade Il and WHO
grade III glioma (Figure S1A-I).

To identify protein expression level of each gene in nor-
mal brain tissue and glioma, immunohistochemistry (IHC)
were retrieved from the Human Protein Atlas database, which
revealed the expression level of m®A methylation-related
proteins (No data found for ADCY3, DGCR8 and YTHDF3)
(Figure S2A-F).
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FIGURE 1 Differential expression of m®A-related genes in different grade gliomas. A, The differential expression of mPA-related genes was
present as heatmap; (B-J) The statistical plots of the mPA -related genes expression in different grades gliomas

To detect whether nine m®A methylation-related genes
were associated with IDH status and 1p/19q status, all pa-
tients were stratified by glioma grades (LGG and HGG). The
relationship between IDH status and expression levels of
each m®A methylation-related gene in LGG and HGG were
presented as heatmaps (Figure S3A,B). As shown in Figure
S3A, the differential expression of FTO, ALKBHS, DGCRS,
ADCY3, and FHL2 was related to IDH status in LGG.
Likewise, as shown in Figure S3B, the differential expression
of FTO, ALKBHS, DGCR8, ADCY3, PICALM, TRMT112,
and FHL2 was related to IDH status in HGG. The relation-
ship between 1p/19q status and expression levels of each m®A
methylation-related gene in LGG and HGG were presented
as heatmaps (Figure S3C,D). As shown in Figure S3C, the

differential expression of ALKBHS5, YTHDF2, TRMT112,
PICALM, and FHL2 was related to 1p/19q status in LGG.
As shown in Figure S3D, the differential expression of FTO,
ALKBHS5, YTHDF2, PICALM, TRMT112, and FHL2 was
related to 1p/19q status in HGG.

3.4 | The correlation between risk score and
clinicopathological features in gliomas

To evaluate the correlation between risk score and clinico-
pathological features, all patients were divided into high-
(n = 144) and low-risk group (n = 144) according to the
median risk score, and the correlation between risk score and
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each clinicopathological feature was analyzed by chi-square
test. The results indicated that risk score was significantly
correlated with age (p = 0.041), WHO grade (p < 0.001),
IDH status (p < 0.001), 1p/19q status (p < 0.001), radiother-
apy (p = 0.022), and recurrence (p < 0.001) (Table 1).

The heatmap visually showed the correlation between risk
score and clinicopathological features and genes expression
in 288 patients with glioma (Figure 2A). We also further
assessed the distribution of risk score in 288 patients strati-
fied by age, gender, grade, IDH status, 1p/19q status, recur-
rence, and ki-67 expression. Consistently, the results revealed
that risk score was significantly associated with age, grade,
IDH status, 1p/19q status, recurrence, ki-67 expression, but
not gender (Figure 2B—H). In addition, to clarify whether
mCA-related genes are related to malignant biological behav-
ior, we draw a scatter plot to observe the correlation between
risk score and ki-67 mRNA levels, showing that m6A-related

TABLE 1
risk scores and clinicopathological parameters

The correlation between the nine-m°®A-related genes

m°A risk scores

Low High P-

Parameters Cases (%) risk risk value
Age(y)
>40 173 (60.1) 78 95 0.041
<40 115 (39.9) 66 49
Gender
Male 180 (62.5) 85 95 0.224
Female 108 (37.5) 59 49
WHO grade
WHO II 92 (31.9) 80 12 <0.001
WHO III 69 (24.0) 42 27
WHO 1V 127 (44.1) 22 105
IDH
Mutation 154 (53.5) 99 55 <0.001
Wild-type 134 (46.5) 45 89
1p/19q
Codel 60 (20.8) 54 6 <0.001
Non-codel 228 (79.2) 90 138
Radiotherapy
Yes 244 (84.7) 129 115 0.022
No 44 (15.3) 15 29
Chemotherapy
Yes 171 (59.4) 75 96 0.012
No 117 (40.6) 69 48
Recurrence
Yes 208 (72.2) 26 54 <0.001
No 80 (27.8) 118 90

genes are significant associated with tumor malignancy
(* = 0.23, p < 0.0001) (Figure 2I).

3.5 | Biological function of nine m°A
methylation-related genes in gliomas

To further explore the biological processes of these genes in
gliomas, we first obtained the most relevant 25 co-expressed
genes for each m°A methylation-related gene in the TCGA-
CNS/Brain (http://www/cbioportal.org/). Then, we use GO
and KEGG enrichment analysis to explore biological func-
tion of these genes, and found that these genes were mostly
enriched in RNA splicing, regulation of immune response,
vesicle-mediated transport (Figure 3A).

In addition, we further calculated the coefficient between
these genes by Spearman correlation test. The result was pre-
sented as heatmap (Figure 3B). To better understand protein—
protein interactions among the nine m°A methylation-related
genes, Figure 3C clearly showed their interactive relationship
through the String database.

3.6 | Correlation between risk score and
OS of patients with glioma

To investigate the prognostic value of risk score in gliomas,
Kaplan—-Meier analysis was performed to compare the OS
between high- and low-risk score group. We observed that
the prognosis of patients with high-risk score was signifi-
cantly worse than that with low-risk score (HR=4.30, 95%
CI = 3.16-5.85, p < 0.0001) (Figure 4A). Furthermore, we
also validate the prognostic value of risk score in patients
stratified by WHO grade, IDH status, 1p/19q status, and
recurrence. As expected, Kaplan—-Meier curve showed that
patients with high-risk score had shorter OS than the low-
risk ones in all stratified subgroups, which suggested that risk
score was a great predictor to assess the prognosis of patients
(Figure S4A-1).

To investigate whether patients with high-risk scores
could benefit from radiotherapy or chemotherapy, we com-
pared the OS of patients with or without radiotherapy and
chemotherapy. The Kaplan—Meier curves showed that pa-
tients with high-risk scores were more sensitive to temozolo-
mide treatment and radiotherapy in HGG (Figure 4B-D).

3.7 | Construction of the nomogram for
patients with glioma

To detect the clinicopathological prognosis factors, univari-
ate and multivariate Cox regression analysis were performed.
Multivariate analysis showed that there were six independent
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FIGURE 2 The correlation between risk score and clinicopathological features in glioma. A, Differential clinicopathological features in high-

and low-risk score; (B-H) distribution of risk score in patients with glioma stratified by age, gender, grade, IDH status, 1p/19q status, recurrence,

and ki-67 expression; (I) scatter plot of m°A-related risk score and its corresponding ki-67 expression based on linear regression analysis (> = 0.23,

p < 0.0001)

prognostic risk factors, of which age (p = 0.025), grade
(p <0.001), recurrence (p < 0.001), and risk score (p < 0.001)
were “risky” factors, while 1p/19q codeletion (p = 0.002),
chemotherapy (p = 0.018) were “protective” factors (Table
S4). Then, the risk scores for prognosis were calculated for

each patient in 288 patients with glioma. The patients were
more trended to poor prognosis when the risk score increased
(Figure S5).

Next, a prediction model was constructed by the clini-
cal data and risk score (Figure 5). According to this visual
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prediction model, we could calculate the total points of each
patient, and then obtained the 1-, 3-, and 5-year survival
rates. The higher the total points of patient, the worse the
prognosis.

3.8 | Evaluation of nomogram by
calibration and time-dependent ROC curve

To verify the prediction effect of the prognostic model in 288
patients with gliomas, we used the bootstrap self-sampling
method. The c-index is 0.82. Calibration curve and time-de-
pendent ROC curve were also performed to test the accuracy
of the prognostic model. We could see from the calibration

curves that the 1-, 3-, and 5-year survival curves predicted
by the model were very close to the observed survival curve,
which indicated that the nomogram had a high accuracy for
prediction (Figure 6A—C). The area under the curve (AUC)
of 1-, 3-, and 5-years survival probability were 0.874, 0.918,
and 0.934, respectively (Figure 6D).

4 | DISCUSSION

The treatment of glioma, especially glioblastoma, has always
been one of the thorniest problems for clinician. With the
development of functional genomic, neuro-tumor molecules
have made great progress recently, and a series of molecular
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(B-D) Patients with high-risk scores could benefit from temozolomide chemotherapy and radiotherapy in high-grade glioma (HGG)
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FIGURE 5 Construction of nomogram for 1-, 3-, and 5-y survival rate in patients with gliomas

and multivariate Cox regression analysis. We found that
the nine m°®A-related genes risk score was significantly
associated with clinicopathological features. Furthermore,
the risk score had a significant correlation with ki-67

markers which are helpful to the clinical diagnosis and prog-
nosis of gliomas have been found.

In this study, we identified the nine m®A-related genes
signature affecting the patients' prognosis by univariate
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expression, which may be linear. GO and KEGG enrich-
ment analysis identified the nine hub genes signature regu-
lating and controlling RNA splicing, regulation of immune
response and vesicle trafficking. These results suggested
that the nine genes signature might be involved in the ma-
lignant progression of gliomas. Risk score is an indepen-
dent prognostic factor of patients with glioma and could
acted as a new prognostic biomarker. The nine mP®A-related
genes is expected to become the new targets for further
treatment of glioma. We would verify this hypothesis by
both in vitro and in vivo experiments.

The m°A methylation is a common internal modifica-
tion of mRNA in eukaryotes, which is characterized by he-
redity and reversibility. In 1974, Ronald Desrosiers et al.
was the first to report the m°A methylation in mRNA.*
However, it is not known until now that the mechanism of
mP®A modification has been gradually revealed.' In recent
years, increasing studies have confirmed that m°A meth-
ylation-related genes, such as ALKBHS, FHL2, DGCRS,
YTHDF2, YTHDF3, and PICMS8, were overexpressed in
tumor tissues and closely related to malignant tumors.”’
Currently, it has been accepted that this modification is a
complex biological process involving multiple mPA related
genes and mainly affects the tumorigenesis and progres-
sion of glioma by mRNA processing, transport, translation,

and degr21dati0n.21’22 For instance, Lili Sun et al found a
new mechanism of gliomas that overexpressed FHL2 could
interact with EGFR and EGFRVIII to increase the stability
of their mRNA, which promotes the glioma proliferation.23
Previous study showed that YTHDF2 and YTHDEF3 in-
cluded a common YTH domain, which binds to a specific
m6A modification site, and then regulates the post-tran-
scriptional regulation of mRNA by mRNA splicing, trans-
lation and localization.”**> In addition, Sicong Zhang
et al also confirmed that m6A demethylase ALKBHS is
highly expressed in GSCs and promotes the FOXM1 over-
expression by increasing the demethylation activity of
FOXM1 mRNA, which could promotes the proliferation
of GSCs.'” The above results suggested that m6A modi-
fication is closely related to the phenotype and mecha-
nism of malignant tumors. The results are consistent with
the results of our study. However, as we all known, both
ALKBHS5 and FTO are m6A demethylases. Interestingly,
we observed that the upregulation of ALKBHS acts as a
risk factor, while the downregulated of FTO acts as a risk
factor in gliomas. Whether ALKBHS5 plays a preferential
role than FTO in glioma or whether they are specific for
modification sites is worth further study.

Moreover, we further construct a clinical prediction
model based on the clinicopathological features and m®A
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methylation related genes. Calibration curves and time-de-
pendent ROC curve were performed to assess the clinical
prediction efficiency of nomogram and showed that this pre-
diction model has good prediction efficiency for the 1-, 3-,
and 5-year survival rates of patients.

With the implementation of precision medicine, accurate
evaluation of patients’ prognosis plays an important role in
implementing individualized treatment and improving pa-
tients' long-term prognosis. Although some prognostic bio-
markers have been be applied to clinical practice, such as IDH
mutation and 1p/19q codeletion, they could not really reflect
the individual prognosis.’®*’ Whereas single biomarker lacks
ample credibility to predict patients' prognosis, thereby, a
model that is composed of more than one biomarker is nec-
essary. We identified nine mPA-related genes as independent
prognostic factors in glioma. However, there existed some
limitations in this study. The results were lack of the veri-
fication of clinical samples or data from other databases. In
the future study, the findings will be verified experimentally.

5 | CONCLUSIONS

In summary, the nine m®A-related genes risk score was
identified as a new potential prognostic biomarker in glio-
mas. The mRNA levels of these genes were highly associ-
ated with clinicopathological features of gliomas and might
be involved in glioma progression. Additionally, the nom-
ogram based on the nine m6A-related genes signature and
clinicopathological features had good efficacy in predicting
the survival probability, which is pivotal to design individual
therapy for patients with glioma.
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