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METTL23 mutation alters histone H3R17 methylation in normal-tension glaucoma
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Normal-tension glaucoma (NTG) is a_heterogeneous disease characterized by
RGC death leading to cupping of the optic nerve head and visual field loss at normal I0P. The
pathogenesis of NTG remains unclear. Here, we describe a single nucleotide mutation in exon 2 of the
METTL23 gene identified in 3 generations of a Japanese family with NTG. This mutation caused mRNA
aberrant splicing, which abolished normal protein production and altered subcellular localization.
Mettl23-KI (-KO) mice developed a NTG like phenotype. METTL23 is a histone arginine
methyltransferase expressed in murine and macaque RGCs. However, the novel mutation reduced METTL23
expression in RGCs of Mettl23-KI mice, which recapitulated both clinical and biological phenotypes.
Moreover, our findings demonstrated that METTL23 catalyzed the dimethylation of H3R17 in the retina
and was required for NF-k B-mediated TNF-a and IL-13 feedback. These findings suggest an etiologic
role of METTL23 in NTG.
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1. WHFERRsR S OE %

Glaucoma is the most frequent cause of progressive and irreversible blindness and is
characterized by optic nerve head cupping and visual field loss. Open-angle glaucoma is the
most prevalent glaucoma subtype. The Baltimore Eye Survey reported that over half of the
patients with open-angle glaucoma do not have elevated intraocular pressure (IOP), thus

meeting the case definition of normal-tension glaucoma (NTG).

Epidemiologic studies have reported a higher NTG prevalence among Asians (52%—
92%), especially among Japanese people with NTG (92%) compared with White people (30%—
39%) , and that Asian Americans had a 159% increased risk of NTG compared with non-
Hispanic White individuals, possibly reflecting an increased demographic association and
genetic susceptibility. Moreover, 21% of patients with NTG have a family history of glaucoma,

further suggesting a genetic predisposition.

The optineurin (OPTN) E50K mutation and TANK-binding protein 1 (TBK1) copy
number variations are responsible for familial NTG with autosomal dominant
inheritance. However, mutations in these 2 genes account for only 2%-3% of NTG cases,

suggesting that additional genes may contribute to NTG.

2. WEDB

NTG is an irreversible blinding disease, and the diagnosis is more complex than that of high-
pressure forms of glaucoma. The major aim of this research is to identify the novel NTG-
causing gene and its tissue-specific machenism, which will stimulate the development of new
diagnostic and therapeutic strategies. As the optic nerve is part of the CNS, our findings may

also have implications for the pathogenesis of other neurodegenerative diseases.

3. WHEDTTE

WES data and bioinformatics analysis. Preparation and maintenance of human iPSCs.
Differentiation and purification of iPSC-RGCs. TA cloning. Cloning of METTL23-expressing
plasmids. Western blot. METTL23 intracellular localization assay. Generation of Mett123-KI
and -KO mice. IOP measurement. OCT observation. ERG. Histology and
immunofluorescence. Retinal flat-mount and RGC counts. Quantification of optic nerve axons.

Purification of METTL23-his6-FLAG protein. In vitro methylation assay. RT-qPCR.

4. WFIEERHE

Here, we describe a single nucleotide mutation in exon 2 of the methyltransferase like 23
(METTL23) gene identified in a three-generation Japanese NTG family. The METTL23

¢.A83G mutation was heterozygous in all of our NTG patients. This allele was transmitted



vertically from the affected parents to affected children, clearly indicating an autosomal

dominant inheritance pattern.

This mutation caused METTL23 mRNA aberrant splicing in exon trapping vector
transfected HEK293T cells, the NTG patient-derived iPSCs, and Mettl23*G mice retina,
which abolished normal protein production and altered subcellular localization. Mettl23
knock-in (Metti23%¢ & Mettl256/G) and knockout (Metti237 & Metti257) mice developed a
glaucoma phenotype without elevated IOP.

METTL23 is a histone arginine methyltransferase expressed in murine and
macaque RGCs. However, the novel mutation reduced Mettl23 expression in RGCs of
Mettl23G/G mice, which recapitulated both clinical and biological phenotypes. Moreover, our
findings indicate that METTL23 is expressed in RGCs and is associated with NF-kB
mediated TNF-a and IL-18 transcription through dimethylation of histone H3R17.
Furthermore, both the novel METTL23 ¢.A83G mutation and deficiency led to RGC loss and
optic nerve head axonal degeneration in Mettl23 knock-in and knockout mice, similar to

findings in NTG patients.

A second METTL23 variant also suspected of affecting splicing (c.84+60delAT) was
found in 14 members, reported to be unrelated, of a collection of 1029 Japanese NTG cases
and in 8 of 1402 age-matched Japanese controls. No TBK1 copy number variations and OPTN
E50K mutation were detected in any NTG patients with the METTL23c.84+60del AT variant.
The distribution of the allele between the cases and controls suggests a potential contribution
to NTG (P=0.03, Fisher’s exact test or Chi square with Yates correction; 2=0.038, logistic
regression adjusting for age and gender, Supplemental Figure 12), however further work,

including analyses in other datasets, will be required to confirm this finding.

The role of histone arginine methylation in pathogenesis of neuronal diseases is
being rapidly elucidated; however, to our knowledge, this is the first report of aberrant

histone arginine methylation in NTG.
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