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Abstract

Purpose Although meningiomas are the most common primary intracranial tumors, their genetic etiologies have not been
fully elucidated. To date, only two genome-wide association studies (GWASs) have focused on European ancestries, despite
ethnic differences in the incidence of meningiomas. The aim of this study was to conduct the first GWAS of Japanese patients
with meningiomas to identify the SNPs associated with meningioma susceptibility.

Methods In this multicenter prospective case-control study, we studied 401 Japanese patients with meningioma admitted in
five institutions in Japan, and 50,876 control participants of Japanese ancestry enrolled in Biobank Japan.

Results The quality control process yielded 536,319 variants and imputation resulted in 8,224,735 variants on the auto-
somes and 224,820 variants on the X chromosomes. This GWAS eventually revealed no genetic variants with genome-wide
significance (P <5 X 10— 8) and observed no significant association in the previously reported risk variants rs11012732 and
152686876 due to low minor allele frequency in the Japanese population.

Conclusion This is the first GWAS of meningiomas in East Asian populations and is expected to contribute to the develop-
ment of GWAS research for meningiomas.

Keywords Meningioma - Genome-wide association study - SNP - East Asian populations
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Introduction

Meningiomas are the most common primary intracranial
tumors, accounting for at least one-third of all such lesions
[1]. While the mortality rate for meningiomas is relatively
lower than that for malignant glial tumors, meningiomas
are associated with substantial morbidity [1, 2].

However, the etiology of meningiomas remains unknown.
Exposure to ionizing radiation is a well-recognized environ-
mental risk factor [3-5], and in males, there is a positive
association between cigarette smoking and meningioma risk
[6]. Evidence for inherited susceptibility to meningiomas is
provided by the increased risk seen in NF2 schwannoma-
tosis and Gorlin syndrome [7, 8]. However, these familial
disorders are rare and insufficient to explain the two- to
four-fold elevated risk in relatives of meningiomas [9, 10].
Furthermore, since the incidence of meningiomas varies
among ethnic groups [1], the genetic predisposition in East
Asian populations must be assessed separately.

A genome-wide association study (GWAS) is a power-
ful approach that comprehensively explores whole genomes
for risk loci for various common diseases and has been uti-
lized for risk stratification and treatment planning [11, 12].
However, the overwhelming majority of participants in the
current large-scale GWAS are of European ancestry. In light
of genetic heterogeneity between continental populations, it
remains unclear whether these previous GWAS results can be
applied to non-Europeans, including to the Japanese popula-
tion [13]. In addition, the Japanese population possesses more
homogeneous genetic features suitable for GWAS than other
populations [14]. The expansion of single ethnic GWAS, like
that for the Japanese population, has the potential to reveal
novel susceptibility loci not only for ethnicity-specific loci
but also for common loci across different ethnicities, even if
its large-scale GWAS have been conducted globally [15]. It
is conceivable that the same can be true of GWAS in menin-
gioma. Two susceptibility single nucleotide polymorphisms
(SNPs), such as rs11012732 and rs2686876, have been
reported in two GWAS reports for meningioma; however,
those studies mainly focused on European ancestries [16, 17].

Given this background, we performed the first GWAS
of Japanese patients with meningiomas to identify SNPs
associated with meningioma susceptibility.

Methods
Ethics

Appropriate approval was obtained from the local insti-
tutional review board (approval number 846-3), before
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initiating the study. Each patient was fully informed of
the study and provided written informed consent prior to
participation.

Study design and patient selection

Patients with pathologically diagnosed or radiologically
suspected meningiomas were selected from five institutions
(Osaka University Hospital, Osaka, Japan; Hanwa Memorial
Hospital, Osaka, Japan; Osaka International Cancer Insti-
tute, Osaka, Japan; Osaka Neurological Institute, Osaka,
Japan; and Osaka National Hospital, Osaka, Japan) between
September 2019 and April 2021. Patients under 15 years or
who did not consent to the study were excluded. Control
participants were enrolled by BioBank Japan [18, 19].

Genotype quality control

A total of 426 patients with meningioma and 54,406 con-
trol participants were genotyped using an Infinium Asian
Screening Array chip (Illumina, Inc., San Diego, CA,
USA). This genotyping array was built using an East Asian
reference panel, including WGS, which enabled efficient
genotyping of East Asian populations.

We applied stringent quality control (QC) filters to both
samples and variants as described elsewhere [20]. Briefly,
for sample QC, we excluded individuals with a low call rate
(<0.98) and outliers from the cluster of East Asian popula-
tions in PCA that was conducted together with the samples
of HapMap Phase II. For a more stringent quality control for
population stratification, we additionally excluded outliers
from the Hondo cluster based on PCA [21]. For variant QC,
we excluded SNPs (i) with a low call rate (< 0.99); (ii) with
low minor allele counts (< 5); (iii) with Hardy—Weinberg
equilibrium test P-value < 1.0 X 107'%; and (iv) with more
than 0.05 of allele frequency difference when compared with
the representative reference panels of Japanese ancestry (i.e.,
the imputation reference panel described below [22] and the
allele frequency panel of Tohoku Medical Megabank Project
[23].

As a result of genotype QC, 25 cases and 3,530 indi-
viduals from controls were excluded from further analyses.
Finally, the sample size available for the GWAS analyses
included 401 cases and 50,876 controls.

GWAS imputation
We used the SHAPEIT4 software [24] for haplotype phasing

and Minimac4 software [25] for genotype imputation. As
an imputation reference, we used the combined reference
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panel of 1KG phase 3v5a (n=2,504) and Japanese whole-
genome sequencing data (n=1,037) [21]. We used imputed
variants with an imputation score of Rsq>0.7 and minor
allele frequency (MAF) >0.5%. We additionally queried
MAFs of important SNPs via dbSNP at the National Center
for Biotechnology Information (www.ncbi.nlm.nih.gov/proje
cts/SNP/) [26].

Tumor location

We divided tumor locations into skull base, non-skull base,
and extra-cranial, as in a previous report from our institution
[27]. Lesions in the olfactory groove, planum sphenoidale,
cavernous sinus, sphenoid wing, clinoidal portion, tuber-
culum sellae, clivus, and petrous bone were classified as
skull base lesions. Furthermore, we included the optic nerve
sheath as a skull base lesion.

Statistical analysis

We performed a case-control analysis with imputed genotype
dosage as an explanatory variable, using the Scalable and
Accurate Implementation of Generalized mixed model [28],
considering unbalanced case-control ratios and sample related-
ness. Power calculations were completed using CaTS Power
Calculator software [29]. In these calculations, the prevalence
of meningiomas was set to 2.5% [30] and the odds ratio (OR)
for each risk allele of the tested genetic variants was approxi-
mately 1.6, as estimated in previous studies [16, 17]. Subse-
quently, stratified GWAS analyses for meningiomas were con-
ducted according to tumor location and sex, focusing on their
varying molecular subgroup between skull base and non-skull
base [31-33] and on their gender differences in the prevalence
[34, 35]. To correct for population structure bias, we included
the top five components obtained from PCA in the covariates
of the regression analysis. We also included sex as a covariate
in the regression analysis when analyzing variants on the X
chromosome. SNPs with p-values <5x 107% are considered
genome-wide significant [36].

Results

We studied 401 meningioma patients of Japanese ances-
try and 50,876 control participants of Japanese ancestry.
The clinical characteristics of the patients are presented in
Table 1. Consistent with the Report of the Brain Tumor Reg-
istry of Japan (2005-2008) [34], the incidence rate of men-
ingiomas in women was more than twice that in men in our
dataset. The QC process yielded 536,319 variants remaining,
and imputation resulted in 8,224,735 variants on autosomes
and 224,820 variants on X chromosomes. With the sample
size (401 cases and 50,876 controls), the statical power by

Table 1 Clinical characteristics of the meningioma cases and control
participants

n (%) / mean +SD Meningioma cases Control participants

(n=401) (n=50,876)

Age (y) 68.3+12.5 65.1+13.7
Female 302 (75.3) 24,409 (48.0)
Multiple 31(7.7) N/A
Tumor location

Non skull-base 244 (60.8) N/A

Skull-base 151 (37.7) N/A

Extracranial 6 (1.5) N/A

the MAFs to achieve genome-wide significant SNP associ-
ated with meningiomas at p-values <5 x 10~ was shown
in Supplementary Fig. 1. The statical powers are sufficient
(>80%) if the MAF is set to 30% or more, which is equiva-
lent to that of the reported susceptibility of SNPs in previous
reports [16, 17], suggesting that the sample size in our study
is appropriate.

This GWAS in the overall dataset eventually revealed
no genetic variants with genome-wide significance
(P<5%x107%) (Fig. 1). The strongest association was pro-
vided by SNP rs35127183 on 15q25, where the A allele was
associated with the increased risk (Odds ratio [OR], 1.63;
95% confidence interval [CI], 1.34-1.99; P=7.0X 1077;
Non-risk allele, G). The risk allele frequency was 0.17 in
the cases and 0.11 in the controls. The SNP rs35127183 is
an intron variant of the SECI1A gene (Fig. 2).

Among the reported susceptibility SNPs for meningiomas,
rs11012732 [16] was covered using the Infinium Asian Screen-
ing Array chip. The MAF was 0.87% in the case group and
0.54% in the control group. Alternatively, rs2686876 [17] was
not included in the chip; however, its imputation quality was
high (imputation score=0.99). The MAF was 0.62% in cases
and 1.3% in controls. A significant association was not observed
for either rs11012732 (P=0.26) or rs2686876 (P=0.21) and
thus was incapable of validating previously reported risk
variants.

In the stratified GWAS analyses according to tumor loca-
tion and sex, patients with extracranial meningiomas and
all male individuals were excluded because of their small
sample sizes, as shown in Table 1. The tumor location-strat-
ified GWAS on both skull base (151 for cases and 50,876
for controls) and non-skull base meningiomas (244 for cases
and 50,876 for controls) also revealed no genetic variants
with genome-wide significance (P <5 x 107%) (Supplemen-
tary Fig. 2 and Supplementary Fig. 3). In the sex-stratified
GWAS on female (302 for cases and 24,409 for controls), we
identified one variant associated with the risk of meningioma
that satisfied the genome-wide significance (P=4.7 x 107%)
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(Supplementary Fig. 4). The variant was SNP rs141887933
on 2p25, where the T allele was associated with the increased
risk (OR, 3.98; 95% CI, 2.40-6.61; Non-risk allele, G), the
MAF was 4.1% in cases and 1.1% in controls.

Discussion
This GWAS on meningioma was intended to gain new

insights into the genetic loci associated with the risk of
meningioma in Japan, as the Japanese population possesses
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homogeneous genetic features. The power analysis suggested
that a sufficient sample size had been secured to detect SNPs
associated with meningiomas in East Asian populations,
assuming the susceptibility of SNP with a MAF of approxi-
mately 30% and an odds ratio of approximately 1.6, which are
like those in previous GWAS reports; however, it was unable
to identify novel loci associated with meningioma. The lead
variant in the overall dataset, although without genome-wide
significance, was rs35127183, an intronic SEC! /A variant of
unknown clinical significance. The SEC1IA gene encodes the
signal peptidase complex 18, which contributes to malignant
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progression via promotion of transforming growth fac-
tor alpha secretion in gastric cancer [37]. The rs35127183
is relatively common in Europeans (MAF >30%) and East
Asians (10%> MAF > 5%); therefore, the MAF disjunction
is less remarkable between Europeans and East Asians [26].
Considering the absence of relevant data on rs35127183 from
previous large-scale GWAS, it is unlikely that this intron vari-
ant is a universal biomarker for meningiomas.

To verify the results of previous studies, we attempted to
investigate whether rs11012732 and rs2686876 are correlated
with meningiomas [16, 17]. However, it was difficult to deter-
mine their relevance, probably because of the lack of statistical
power due to their low MAFs in the Japanese population. The
rs11012732 and rs2686876 are rarely prevalent in East Asian
populations (MAF < 1%), whereas they are common genetic
variants in European populations (MAF >30%). Based on the
MAF heterogeneity of key variants, divergent results between
previous GWAS and this study were expected. To compen-
sate for the lower MAFs and achieve adequate statistical power
in the Japanese population, the study requires a much larger
sample size in a high proportion of cases, which are areas for
improvement. The results of this study are far from conclusive
that rs11012732 and rs2686876 are independent of meningi-
oma exclusively in the Japanese population.

Stratified GWAS analyses for meningiomas according to
tumor location and sex were additionally conducted in this
study since meningiomas are more common in women [34,
35] and the molecular subgroups, having biallelic loss of the
neurofibromatosis 2 gene at the top of list, vary between skull
base and non-skull base [31-33]. Especially in a sex-stratified
GWAS of female, rs141887933 on 2p25 was significantly
associated with the risk of meningioma. rs141887933, which
is also an intronic GREB] variant of unknown clinical signifi-
cance, is rarely prevalent in European or East Asian popula-
tions (MAF < 1%). Although this is the sole variant in this
study that achieved genome-wide significance, this statistical
data interpretation requires careful consideration considering
the low-frequency variant detection and potential multiple
comparisons in the sex-stratified GWAS.

To the best of our knowledge, this is the first GWAS of
meningioma in East Asian populations that utilized 401
patients with meningioma and 50,876 control participants
in the Japanese population. We believe that data reporting
will provide a reasonable base and contribute to the develop-
ment of meningioma research in the future.

Conclusions
We conducted a GWAS of meningiomas in the Japanese

population; however, no significant genetic variants were
identified, except in the sex-stratified GWAS of females.

This study also had difficulty validating previously reported
risk variants associated with meningiomas, possibly because
of heterogeneous MAFs in ancestrally diverse populations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11060-024-04727-x.
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