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Outline

• Mitochondrial life cycle

• Evidence for mitochondrial dysfunction in optic nerve disease
Optic neuropathies: Genetic evidence
POAG: Biochemical and genetic evidence

• Therapeutic approaches



(Modified from: Lim et al Antiox Redox Signalling 2011)

Mitochondrial life cycle

Biogenesis boosters
PGC1α

e.g: fibrates, AMPK activators

OXPHOS modulators
e.g: idebenone

Mitophagy boosters
e.g: NAD+, rapamycin

Fission/fusion
modulators

eg: miR-376b-3p



Lopez Sanchez et al Pharm Therap 2016

Potential mitochondrial mechanisms of retinal ganglion cell dysfunction

1. Bioenergetic decline
2. Increased ROS
3. Defective fission/fusion
4. Impaired mitophagy
5. Impaired axonal transport



Disease Gene/protein Function Phenotype

LHON mtDNA OXPHOS CxI Optic atrophy

ADOA
ADOA plus
LHON plus

OPA1
OPA1
mtDNA

Mitochondrial fusion

OXPHOS CxI

Optic atrophy
Optic atrophy + 
ataxia, dystonia etc

Hereditary spastic
paraplegia

Paraplegin
(SPG7)

Mitochondrial 
metallo-protease

Dystonia plus optic 
atrophy

Charcoat-Marie-
Tooth 2A

Mitofusin2 Mitochondrial fusion Neuropathy plus 
optic atrophy

Optic neuropathy in mitochondrial disease – genetic clues



Nsiah-Sefaa & McKenzie Bioscience Reports 2016

OXPHOS:
Oxidation of NADH
replenishes NAD+
for TCA cycle

Many cells can do without OXPHOS
For ATP production, but 
cannot do without TCA cycle
for providing precursors for 
nucleotide, amino acid and lipid
synthesis



Lee et al IOVS 2012

POAG study I – Melbourne cohort POAG study II – Adelaide cohort
and LHON comparison

Van Bergen et al PlosOne 2015

POAG

LHON



Small study (95 POAGs, 95 population controls)
- showed protective effect of haplogroup U in males

Large study (2000 POAGs, 2000 controls)
- showed risk effect of non-L haplogroups in males

Small study (272 NTG POAGs, 157 PXF POAGs)
- showed protective effect of haplogroup U in PXF, trend in NTG

(IOVS 2018)

mtDNA studies in POAG



Idebenone (Santhera)

EPI-743 or vatiquinone (Edison)

Elamipretide or SS-31 (Stealth)

Insulin, IGF-1

Mitochondrial therapeutics – In practice

NAD+ precursors



All donors male, mtDNA haplogroup H, all m.11778G>A (ND4)

The nucleus fights back: RNA-seq analysis of 
LHON affected and LHON carrier fibroblasts

MA plots and heatmaps

LHON: No evidence of OXPHOS 
compensation protecting carriers

Maximal CxI-linked
ATP production

Maximal CxI-linked
respiration rate

***p<0.001



What I want to know

• Do mild OXPHOS defects (as in LHON) impact on organelle turnover/quality control
- is the bioenergetic defect key or a distraction

• Can mtDNA variants combine with nuclear mitochondrial gene variants
to increase risk of sporadic neurodegenerative disease – POAG, Parkinson’s

What we lack

• Uniform cellular and mouse models of OXPHOS-linked 
RGC-specific loss for pathogenic insights and molecular screening
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