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Glioma stemming from glial cells of the central nervous system (CNS) is one of the leading causes of cancer death in childhood.
The genetic predisposition of glioma is not fully understood. METTL1-WDR4 methyltransferase complex is implicated in
tumorigenesis by catalyzing N7-methylguanosine (m7G) modification of RNA. This study is aimed at determining the
association of glioma risk with three polymorphisms (rs2291617, rs10877013, and rs10877012) in METTL1 and five
polymorphisms (rs2156315 rs2156316, rs6586250, rs15736, and rs2248490) in WDR4 gene in children of Chinese Han. We
enrolled 314 cases and 380 controls from three independent hospitals. Genotypes of these polymorphisms were determined
using the TaqMan assay. We found the WDR4 gene rs15736 was significantly associated with reduced glioma risk (GA/AA vs. GG:
adjusted odds ratio = 0:63, 95%confidence interval = 0:42 − 0:94, P = 0:023) out of the eight studied polymorphisms. Stratified
analyses showed that the association of rs15736 with the risk of glioma remained significant in children aged 60 months or older,
girls, the subgroups with astrocytic tumors, or grade I + II glioma. We also found the combined effects of five WDR4 gene
polymorphisms on glioma risk. Finally, expression quantitative trait locus (eQTL) analyses elucidated that the rs15736
polymorphism was related to the expression level of WDR4 and neighboring gene cystathionine-beta-synthase (CBS). Our finding
provided evidence of a causal association between WDR4 gene polymorphisms and glioma susceptibility in Chinese Han children.

1. Introduction

The annual incidence of primary brain tumors is 6.14 per
100,000 in children under 19 years of age, as declaimed by
the Central Brain Tumor Registry of the United States
(CBTRUS). Among them, 11.9% of cases are malignant gli-
oma [1]. Gliomas arise from glial cells of the central nervous
system (CNS), including astrocytes, oligodendrocytes, and

ependymal cells. Low-grade gliomas (LGGs), classified as
World Health Organization (WHO) grade I or II lesions of
the CNS, are generally not lethal [2]. However, due to
comorbidities caused by the tumors and/or clinical interven-
tion and their inclination to multiply relapses, the leading
brain tumors developed in childhood often demand decades
of management [3]. In addition, pediatric high-grade glio-
mas (pHGGs), classified as grade III or IV lesions, constitute
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one-third of gliomas, accountable for the most cancer-
related deaths in children younger than 19 years old [4–6].

Environmental factors, including ionizing radiation, some
toxic agents (N-nitroso compounds and pesticides), air pollu-
tion, and radiofrequency electromagnetic waves, have been
suspected to be potentially implicated in the carcinogenesis
of brain tumors. However, only ionizing radiation is well-
established as a risk factor for brain tumors [7]. On the other
hand, heredity is shown to play a role in glioma susceptibility:
(1) familial aggregation: individuals with a family history of
glioma are at increased risk of developing these tumors. (2)
Some well-recognized genetic syndromes confer glioma risk,
including the Turcot and Li-Fraumeni syndromes, neurofi-
bromatosis type 1, and multiple enchondromatosis [8]. More-
over, numerous candidate gene association studies provide
evidence of a link between genetic variation and glioma pre-
disposition [8–12]. For instance, glioma susceptibility loci
have been comprehensively explored in DNA repair, cell cycle,
metabolism, and inflammation (including allergies and infec-
tions) pathways [8]. Moreover, a dozen glioma susceptibility
loci are discovered in CCDC26, PHLDB1, TERT, RTEL1,
TP53, EGFR, and CDKN2A-CDKN2B genes, using genome-
wide association studies (GWASs) [13–16]. Like other cancers,
the inherited risk of glioma may be a consequence of the coin-
heritance of many low-penetrant and low-risk gene single
nucleotide polymorphisms (SNPs). It is crucial to identify
more risk determinants to understand variations in and refine
the predicting capacity of glioma predisposition.

N7-methylguanosine (m7G) is one of the most predom-
inant modifications occurring in mRNA, miRNA, and tRNA
[17–20]. This type of chemical modification is installed by a
specific methyltransferase complex composed of WD repeat
domain 4 (WDR4) and methyltransferase-like 1 (METTL1)
[21]. WDR4, the non-catalytic component, can stabilize
and enhance the methyltransferase activity of METTL1
[21]. m7G modification is an essential posttranscriptional
mechanism to regulate cell fate and growth. Defective m7G
tRNA modification caused by METTL1 knockout impaired
the differentiation and growth of embryonic stem cells [22].
Mutation of WDR4 is causative for a heterogeneous group
of microcephalic primordial dwarfism and Galloway-
Mowat syndrome [23, 24]. A few publications suggest that
dysregulated m7G tRNA modification is also implicated in
carcinogenesis, including lung cancer, esophageal squamous
cell carcinoma, intrahepatic cholangiocarcinoma, head and
neck squamous cell carcinoma, and colon cancer [25–30].
Nevertheless, the roles of RNA m7G modification have not
been reported in glioma. Genome-wide annotation of genetic
variation by the Human Genome Project enabled us to eval-
uate the association between the genetic variants in the
METTL1 and WDR4 genes and glioma susceptibility in a
three-center case-control study (314 cases vs. 380 controls)
with Chinese children of Han ethnicity.

2. Methods and Materials

2.1. Study Subjects. Three medical centers participated in
this study. Guangzhou Women and Children’s Medical
Center, Xiangya Hospital, The Second Affiliated Hospital

and Yuying Children’s Hospital of Wenzhou Medical Uni-
versity were located in Guangzhou, Changsha, and
Wenzhou, respectively [31]. We enrolled 314 cases diag-
nosed and histopathologically confirmed with glioma
regarding the 2016 World Health Organization classifica-
tion of tumors of the CNS. Blood samples were collected
from cases prior to radiotherapy or chemotherapy. A total
of 380 cancer-free controls were recruited from the same
participating hospitals during the same periods (Table S1).
Patients and healthy controls were age and sex-matched.
All participants were not genetically related, and their
patients or guardians provided written informed consent
before the study commencement. The study protocol was
authorized by the Institutional Review Boards of the
participating hospitals. This study was conducted in
accordance with the Declaration of Helsinki.

2.2. SNP Selection and Genotyping. By combining the NCBI
dbSNP database and SNPinfo online tool (https://snpinfo
.niehs.nih.gov/), we choose three (rs2291617, rs10877013,
and rs10877012) and five (rs2156315 rs2156316, rs6586250,
rs15736, and rs2248490) potentially functional SNPs in
METTL1 and WDR4 genes, respectively. Selection criteria
were described previously [32, 33]. Genomic DNA was
derived from peripheral blood samples of both cases and
controls using Tiangen blood DNA extraction kits (Tiangen
Biotechnology, Beijing, China). TaqMan genotyping method
was adopted to evaluate the genotypes of samples for the
selected SNPs with the probes were purchased from ABI
(Applied Biosystems, Foster City, CA). All assays were run
on an ABI 7900 (Applied Biosystems, Foster City, CA,
USA) by the laboratory personnel blind to case/control status
of samples. Both negative and positive were routinely
included in each 384-well plate. Generally, 10% of samples
were genotyped at random, and only a 100% concordance
rate of the duplicated samples was accepted.

2.3. Statistical Analysis. The agreement of genotypes with
Hardy-Weinberg equilibrium (HWE) was assessed by a
goodness-of-fit χ2 test among control subjects. The demo-
graphic features were compared between the cases and
controls using the χ2 test or t-test when appropriate. Multi-
variate logistic regression analyses were used to calculate the
odds ratios (ORs) and 95% confidence intervals (CIs) after
adjusting for age and sex. We also performed stratified
analyses based on age, sex, subtypes, and tumor grade.
Expression quantitative trait locus (eQTL) analyses of the
significant SNPs were conducted using the Genotype-
Tissue Expression (GTEx) (https://gtexportal.org). The α of
0.05 was used to define the statistical significance level. All
statistical analyses were two-sided and carried out using
the SAS v10.0 (SAS Institute, Cary, NC, USA).

3. Results

3.1. Association Study. Single SNP analyses indicated that
only the WDR4 gene rs15736 was significantly associated
with glioma susceptibility (GA/AA vs. GG: adjustedOR =
0:63, 95%CI = 0:42 − 0:94, P = 0:023) out of the eight
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studied SNPs (Table 1). Children harboring minor allele
rs15736 A were at a significantly reduced risk of developing
glioma compared with those with two G alleles. More,
METTL1 gene rs10877012 was borderline significantly asso-
ciated with increased glioma risk (adjustedOR = 1:45, 95%
CI = 0:95 − 2:21, P = 0:086) under the recessive model. It was
also the case for METTL1 gene rs2291617 (adjustedOR =
1:42, 95%CI = 0:94 − 2:16, P = 0:098).

3.2. Stratified Analysis. Stratified analyses were performed by
age, sex, glioma subtypes, and grades. Stratified analysis for
METTL1 gene SNPs demonstrated no significant association
with glioma among any subtypes (Table 2). We also carried
out stratified analysis for WDR4 gene SNPs (Table 3) and
found that rs15736 showed significant protective effects in
children aged 60 months or older (adjustedOR = 0:58, 95%
CI = 0:34 − 0:995, P = 0:048), girls (adjustedOR = 0:55, 95
%CI = 0:31 − 0:98, P = 0:042), the subgroup with astrocytic
tumors (adjustedOR = 0:54, 95%CI = 0:34 − 0:87, P = 0:011),
and those with grade I + II glioma (adjustedOR = 0:58, 95%
CI = 0:37 − 0:92, P = 0:019). We next conducted a stratified
analysis for the combined effect of WDR4 gene SNPs
(Table 3). The concurrence of five indicated protective
genotypes exhibited decreased glioma risk in kids presenting
astrocytic tumors (adjustedOR = 0:60, 95%CI = 0:35 − 0:90,
P = 0:016) and those with grade I + II glioma (adjustedOR =
0:60, 95%CI = 0:38 − 0:95, P = 0:029).

3.3. Expression Quantitative Trait Locus (eQTL) Analyses.
One of the crucial mechanisms underlying the association
between causal SNPs and disease risk is affecting the expres-
sion levels of host genes. Given the significant association
between rs15736 and the risk of glioma, we further assessed
the effects of SNP on the expression of the target gene by
taking advantage of released data from GTEx. In terms of
whole blood, the expression levels of WDR4 in subjects with
AA genotype were significantly enhanced (Figure 1(a)), but
the same individuals had the lowest levels of cystathionine-
beta-synthase (CBS) (Figure 1(b)), an adjacent gene of
WDR4 among individuals with GG, GA, and AA genotypes.
The data derived from cultured fibroblasts further verified
the association of rs15736 AA genotypes with reduced CBS
levels (Figure 1(c)). The cis-eQTL analysis indicates that
rs15736 polymorphism may lead to altered expression of
target genes.

4. Discussion

Pediatric glioma seriously threatens the life or impairs the
quality of life of affected children. Apart from the environ-
mental risk factors, genetic predisposition for glioma has
been substantiated in mounting candidate gene-associated
studies and GWASs [9]. Variations in genes involved in
DNA repair, cell cycle, metabolism, and inflammation path-
ways have been recognized as a key basis of inherited glioma
susceptibility, such as PRKDC, XRCC1, PARP1, ERCC1,
ERCC2, EGF, and IL13 [34]. Besides, polymorphisms of
other important genes also contribute to glioma risk. For
instance, a functional SNP rs12803321 with Solute Carrier

Family 25 Member 26 as the target gene was found to be a
causal locus of LGG [12]. Recently, our group investigated
the impacts of SNPs in the RNA m6A modification core
genes on pediatric glioma susceptibility. We found that sev-
eral SNPs were associated with the increased risk of glioma,
including the WTAP rs7766006, YTHDF2 rs3738067, and
FTO rs9939609 polymorphisms [11]. Moreover, compared
with adult glioma, genetic association studies are extremely
few in pediatric glioma, and the sample sizes of studies are
usually small because of the rarity of the disease [34].

In the present moderate-size case-control study, we
found that the WDR4 gene rs15736 was significantly associ-
ated with decreased glioma risk. Stratified analysis indicated
that the protective effects of rs15736 remained prominent in
several subgroups, including children aged 60 months or
older, girls, astrocytic tumors, and grade I + II glioma. We
also observed decreased glioma susceptibility for children
with five protective genotypes in astrocytic tumors and grade
I + II glioma subgroups. The findings suggest an association
between the WDR4 gene SNPs and pediatric glioma risk. At
present, there are only two studies about genetic variations
in the METTL1/WDR4 gene and diseases. One study dem-
onstrated that theWDR4 gene rs465663 polymorphismmight
predispose to asthenozoospermia [35]. The other study, a
GWAS performed by the Australian and New Zealand Multi-
ple Sclerosis Genetics Consortium, identified the SNP
(rs703842) positioned at the 3′ untranslated region (3′ UTR)
of the METTL1 gene as a multiple sclerosis susceptibility
loci [36].

Over the past years, accumulating evidence is emerging
to demonstrate the implication of the METTL1/WDR4
m7G methyltransferase complex in tumorigenesis. The
upregulated expression levels of METTL1 and/or WDR4
and their association with prognosis were observed in multi-
ple types of cancer, including lung cancer [29], esophageal
squamous cell carcinoma (ESCC) [30], intrahepatic cholan-
giocarcinoma (ICC) [27], hepatocellular carcinoma (HCC)
[37], and glioma [38]. Further investigation unveiled that
METTL1/WDR4 accelerated lung cancer cell proliferation
and migration by enhancing tRNA m7G modification and
oncogenic mRNA translation, particularly CCND3 and
CCNE1, the cell-cycle regulators [29]. WDR4 is a partner
of METTL1, functioning by stabilizing and augmenting the
methyltransferase activity of METTL1. Therefore, the low
level or loss of function of WDR4 may comprise METTL1’s
methyltransferase activity to reduce m7G tRNA modifica-
tion. Accumulating evidence has demonstrated the impor-
tance of WDR4 in carcinogenesis and drug resistance. Han
et al. observed significantly overexpressed METTL1 and
WDR4 in ESCC, which were associated with unfavorable
outcomes in ESCC. The mechanistic study indicated that
silencing METTL1 or WDR4 decreased m7G-modification
levels of tRNAs, thereby downregulating the translation of
many oncogenic genes in the RPTOR/ULK1/autophagy
pathway [30]. An unbiased proteomic screening of differen-
tially expressed genes between parental and lenvatinib-
resistant HCC cells unveiled that METTL1 and WDR4 were
highly elevated in drug-resistant cells. METTL1/WDR4-cat-
alyzed m7G tRNA modification led to drug resistance by
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facilitating the translation of EGFR pathway genes. METTL1
depletion overcame resistance by inhibiting proliferation
and inducing apoptosis of HCC cells [39]. In ICC, METTL1
and WDR4 enhanced the translation of cell-cycle and epi-
dermal growth factor receptor (EGFR) pathway genes in
an m7G-tRNA-dependent manner. On the contrary, some
groups found that MTC may also be tumor-suppressing
[19, 28]. Pandolfini et al.’s study indicated that the METTL1
increased tumor suppressor let-7 miRNA levels and thereby
suppressed lung cancer cell migration [19]. Mechanistic
investigation elucidated that besides translation regulation,
METTL1 can also catalyze m7G modification of the primary
miRNA transcript (pri-miRNA) to affect their processing.
The m7G in precursors of let-7 miRNA interrupted inhibi-
tory RNA secondary structures so as to expedite its matura-
tion [19]. Another group reported that METTL1 inhibited
colon cancer by increasing let-7e miRNA and decreasing
its target gene HMGA2. Moreover, overexpression of
METTL1 enhanced the cytotoxic effects of cisplatin on colon
cancer cells by triggering the miR-149-3p/S100A4/p53 axis
[28]. Thus far, only one publication showed the potential
implication of m7G methyltransferase complex METTL1/
WDR4 in glioma. Expression of METTL1 was augmented
in glioma in comparison to normal tissue, and its expression

levels were inversely associated with prognosis in glioma. In
vitro experiments revealed that silencing of METTL1 led to
retardation of glioma cell growth [38]. However, several
studies demonstrated the crucial role of m7G in neurodeve-
lopment. MTC is in charge of installing the highly conserved
m7G46 (7-methylguanosine) modification in tRNA. tRNA is
well-known to facilitate protein synthesis by transporting
amino acids to the expanding peptide chain during the cor-
responding mRNA translation. Intriguingly, the brain seems
to be vulnerable to dysregulated tRNA modification.
Recently, Shaheen et al. reported that mutation in WDR4
disrupted tRNA m7G46 methylation, consequently leading
to microcephalic primordial dwarfism [23]. Consistently,
Braun et al. discovered a disease-causing mutation in the
WDR4 gene for Galloway-Mowat syndrome (GAMOS)
characterized by neurodevelopmental defects [24]. Coinci-
dentally, Lin et al.’s group demonstrated that the knockout
of METTL1 in mouse embryonic stem cells (mESCs) prefer-
entially affected the translation of cell cycle genes and genes
associated with brain abnormalities. Moreover, self-renewal
and neural differentiation of METTL1 or WDR4 knockout
mESCs were severely impeded [40]. Overall, METTL1 may
play context-dependent roles in tumorigenesis. In the cur-
rent study, our results support METTL1 as a pediatric
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Figure 1: Expression quantitative trait loci (eQTL) analyses of MDR4 gene rs15736 polymorphism using the public database GTEx portal.
(a) The genotype of rs15736 and expression of MDR4 gene in whole blood. (b) The genotype of rs15736 and expression of its nearby gene
CBS in whole blood. (c) The genotype of rs15736 and expression of the CBS gene in cultured fibroblasts.
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glioma susceptibility gene. The underpinning mechanism of
how METTL1 SNPs modify glioma susceptibility warrants
further investigation.

Interestingly, we also found that WDR4 SNP rs15736
was associated with an alteration in the expression of a
neighboring gene CBS. CBS is an enzyme that generally
forms a homotetramer to convert homocysteine to cystathi-
onine, the first reaction in the transsulfuration pathway. CBS
is dysregulated in different types of cancer, which is upregu-
lated in kidney, colorectal, ovarian, lung, and breast cancer
but downregulated in glioma and liver cancer. The low
expression level of CBS is associated with poor survival in
cancers with CBS as a tumor suppressor [41]. Zheng et al.
reported that Apolipoprotein C1 could facilitate glioblas-
toma tumorigenesis by inhibiting CBS-mediated ferroptosis,
suggesting that reduced expression may help to maintain
glioblastoma cell survival by reducing ferroptosis [42]. These
results suggest that affecting nearby genes is an alternative
mechanism by which an SNP modifies disease susceptibility.

Several limitations of the study should be addressed.
First, pediatric glioma is a rare disease. Although we
recruited samples from three independent medical centers,
the sample size of our cohort is still moderate. Second,
gene-gene and gene-environment interactions were not
taken into account. Third, functional experiments need to
be performed to evaluate the effect of significant SNPs on
gene expression. Finally, the effects of the SNP on the sur-
vival of glioma patients should be estimated. Unfortunately,
we have no survival information on these glioma patients.
Besides, no public database is available to evaluate the effect
of polymorphisms on pediatric glioma patient survival by
Kaplan-Meier analysis.

5. Conclusion

In conclusion, we identified glioma susceptibility loci in the
WDR4 gene for Chinese Han Children. Validation studies
should be conducted in different populations.
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