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ABSTRACT
Background  Leber’s hereditary optic neuropathy 
(LHON) is a mitochondrial disorder characterised by 
complex I defect leading to sudden degeneration of 
retinal ganglion cells. Although typically associated with 
pathogenic variants in mitochondrial DNA, LHON was 
recently described in patients carrying biallelic variants in 
nuclear genes DNAJC30, NDUFS2 and MCAT. MCAT is 
part of mitochondrial fatty acid synthesis (mtFAS), as also 
MECR, the mitochondrial trans-2-enoyl-CoA reductase. 
MECR mutations lead to a recessive childhood-onset 
syndromic disorder with dystonia, optic atrophy and 
basal ganglia abnormalities.
Methods  We studied through whole exome sequencing 
two sisters affected by sudden and painless visual 
loss at young age, with partial recovery and persistent 
central scotoma. We modelled the candidate variant in 
yeast and studied mitochondrial dysfunction in yeast 
and fibroblasts. We tested protein lipoylation and cell 
response to oxidative stress in yeast.
Results  Both sisters carried a homozygous pathogenic 
variant in MECR (p.Arg258Trp). In yeast, the MECR-
R258W mutant showed an impaired oxidative growth, 
30% reduction in oxygen consumption rate and 
80% decrease in protein levels, pointing to structure 
destabilisation. Fibroblasts confirmed the reduced 
amount of MECR protein, but failed to reproduce the 
OXPHOS defect. Respiratory complexes assembly was 
normal. Finally, the yeast mutant lacked lipoylation of 
key metabolic enzymes and was more sensitive to H2O2 
treatment. Lipoic Acid supplementation partially rescued 
the growth defect.
Conclusion  We report the first family with homozygous 
MECR variant causing an LHON-like optic neuropathy, 
which pairs the recent MCAT findings, reinforcing the 
impairment of mtFAS as novel pathogenic mechanism in 
LHON.

BACKGROUND
Leber hereditary optic neuropathy (LHON (MIM: 
535 000)) is a mitochondrial optic neuropathy char-
acterised by sudden degeneration of retinal ganglion 
cells leading to subacute bilateral loss of central 
vision, with limited occurrence of spontaneous 
recovery.1 The disease typically shows incomplete 
penetrance, male prevalence and may be triggered 
by tobacco smoking.1

LHON is the most common disease caused 
by mtDNA pathogenic variants, with a 
minimum prevalence reaching 3.22 per 100 
000.2 Three variants in respiratory complex I 
subunits are found in about 90% of pedigrees, 
m.3460G>A/MT-ND1, m.11778G>A/MT-ND4 
and m.14484T>C/MT-ND6,1 while several rare 
mtDNA point mutations or combinations of rare 
polymorphisms account for some of the remaining 
10%.3

Recently, an LHON-like phenotype with auto-
somal recessive inheritance has been associated 
with pathogenic variants in nuclear genes.4 The 
most relevant is DNAJC30, encoding a newly char-
acterised mitochondrial chaperone that promotes 
complex I turnover.5 Several DNAJC30 pedigrees 
with a few pathogenic variants are described, all 
presenting with a mostly mild LHON phenotype 
(LHONA, MIM #619 382), except for a few cases 
with Leigh syndrome.6 A single case of isolated 
recessive LHON was also reported with compound 
heterozygous variants in NDUFS2 gene,7 while 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Leber’s hereditary optic neuropathy (LHON) is 
a rare disease due to genetic defects affecting 
mitochondrial complex I function, most typically 
involving the mitochondrial genome but rarely 
also autosomal recessive. Recently, a single 
case was reported with MCAT variants and 
LHON-like phenotype, linking the mitochondrial 
fatty acid synthesis (mtFAS) pathways to LHON 
pathogenesis.

WHAT THIS STUDY ADDS
	⇒ This study provides evidence that MECR is 
a new gene for autosomal recessive LHON, 
further supporting mtFAS as a novel pathway 
relevant for LHON and lipoic acid may be 
beneficial.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Further investigations are necessary to well 
characterise the novel link between mtFAS and 
LHON. However, MECR should be added to the 
molecular diagnostic pathway for LHON.
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biallelic variants in this core subunit of complex I are usually 
associated with syndromic CI deficiency (MC1DN, MIM 
#618 228).8 Biallelic variants in another subunit of complex 
I, NDUFA12, were also recently associated with a phenotypic 
spectrum ranging from movement disorders (dystonia and/
or spasticity) to isolated optic atrophy, besides a more typical 
presentation of Leigh syndrome.9 An evocative acute/subacute 
vision loss was reported, however, the ophthalmological descrip-
tion of these NDUFA12 optic atrophy cases was not detailed 
enough to draw firm conclusions about similarities with LHON. 
Finally, an LHON-like phenotype has been reported in one pedi-
gree with pathogenic variants in MCAT, encoding the mitochon-
drial malonyl-CoA-acyl carrier protein transacylase.10 This is a 
key enzyme in mitochondrial fatty acid synthesis (mtFAS), which 
transfers malonyl-CoA to the mitochondrial acyl carrier protein 
NDUFAB1. Interestingly, the previous cases with homozygous 
variants in MCAT also presented with recessive optic atrophy, 
but with a progressive course, not obeying the LHON hallmark 
of subacute onset of visual loss.11

The MECR gene encodes the mitochondrial trans-2-enoyl-CoA 
reductase enzyme, also involved in mtFAS. Among the fatty acids 
synthesised by mtFAS, there is octanoic acid, the precursor of 
lipoic acid (LA), a cofactor involved in the activity of several 
mitochondrial enzymes, among which the pyruvate dehydro-
genase, the α-ketoglutarate dehydrogenase, the branched-chain 
keto acid dehydrogenase, the 2-oxoadipate dehydrogenase and 
the glycine cleavage system.12

Pathogenic variants in MECR are associated with a reces-
sive childhood-onset disorder characterised by dystonia, optic 
atrophy and basal ganglia abnormalities (DYTOAB, MIM: 
#617 282), also described with the acronym MEPAN (mito-
chondrial enoyl coA reductase protein-associated neurode-
generation). A total of eight families have been described with 
MECR-associated disease, all with a fairly uniform clinical 
presentation.13

We here describe the first family in which two siblings with 
homozygous MECR variants show an isolated optic neurop-
athy phenotype, with subacute onset. Thus, we propose MECR 
as another gene related to rare forms of LHON-like autosomal 
recessive optic neuropathy.

METHODS
Clinical evaluation
The study adhered to the tenets of the Declaration of Helsinki. 
Informed consent was obtained from patients. Clinical assess-
ments included best-corrected visual acuity by Snellen’s chart, 
colour vision tests (Ishihara test), slit-lamp biomicroscopy, 
Goldmann applanation tonometry, colour fundus photography, 
optical coherence tomography (OCT; Cirrus, Carl Zeiss Meditec, 
Dublin, California, USA; DRI Triton, Topcon, Tokyo, Japan), 
automated visual field test (Humphrey Field Analyzer, protocol 
Sita Standard 30-2; Zeiss, San Leandro, California). OCT proto-
cols included the evaluation of peripapillary retinal nerve fibre 
layer (RNFL) thickness (3.4 acquisition protocol) and segmenta-
tion analysis of the macula (ganglion cell layer (GCL) between 
RNFL and the inner nuclear layer boundaries).

Genetic study
Whole exome sequencing (WES) was performed on DNA from 
patient 1 extracted from peripheral blood. The sample library was 
prepared and enriched using Truseq Rapid Exome Kit (Illumina), 
then sequenced with 150 bp paired-end reads on a NextSeq 
500 instrument (Illumina). Bioinformatic analysis followed the 

GATK Best Practices workflow for germline variant discovery, 
aligning to reference genome GRCh37/hg19. We prioritised 
rare variants compatible with autosomal recessive inheritance in 
genes encoding mitochondrial proteins. Variants of interest were 
classified according to the America College of Human Genetics 
(ACMG) guidelines.14 Next Generation Sequencing (NGS) 
findings were confirmed by Sanger sequencing on a 3500 Dx 
Genetic Analyzer (Applied Biosystems). H3M2 tool was used for 
the identification of runs of homozygosity (ROHs) from WES 
alignments.15 We also checked the proband’s WES for patho-
genic CNVs by combining four tools: ExomeDepth, CoNIFER, 
XHMM, cn.MOPS.16–19

Fibroblast model
Fibroblast cell lines derived from both patients were generated. 
The full description of cell lines and culture conditions, mito-
chondrial respiration evaluation, Western blot, antibodies and 
respiratory supercomplexes assembly by BN-Page and CI-in gel 
activity (CI-IGA) is available in online supplemental material.

Yeast model
The variant found in patients was studied in a yeast model 
disrupted in ETR1, the orthologous gene of MECR, and 
expressing human MECR. A detailed description of yeast model 
methods used for phenotypic analysis is available in the online 
supplemental material.

Statistical analysis
Statistical analysis was performed by one-way analysis of vari-
ance followed by a post hoc Bonferroni test for multiple compar-
isons or by t-test.

RESULTS
Patient 1: case report
The proband is an early 50s woman who was first noticed for 
low vision at 6 years, detected during routine eye examinations 
at school. The past clinical charts showed at 22 years a reduction 
of visual acuity, 0.4 in her right eye (RE) and 0.5 in her left eye 
(LE), associated with a small central scotoma at visual fields.

Moreover, the patient reported two episodes of sudden and 
painless visual loss in RE at 28 and 44 years followed by recovery 
of visual function after 1 month. Visual fields at 29 years demon-
strated a bilateral central scotoma (MD −4.29 in RE and MD 
−4.36 in LE) (online supplemental figure 1A).

Her medical history was remarkable for headache since the 
age of 12 years and mild sensorineural hearing impairment 
since she was 45 years. At 40 years of age, she reported cardiac 
arrhythmic problems (paroxysmal tachycardia) for which she is 
taking beta-blockers.

Patient 1: ophthalmological findings
We observed the patient 1 month after visual loss at 44 years and 
subsequent recovery of visual acuity. At ophthalmological evalua-
tion, she had visual acuity of 0.32 in RE and 0.4 in LE . Defective 
colour vision was evident in both eyes (Ishihara test RE 6/12 and 
LE 8/12). Visual fields showed bilateral central scotoma (MD 
−6.09 in RE and MD −5.84 in LE) (online supplemental figure 
1B). At fundus examination, a small optic disc with central small 
excavation and temporal pallor was observed. OCT showed a 
diffuse reduction of the RNFL (average thickness RE 79 µm and 
LE 73 µm) and GCL (average thickness OU 60 µm), associated 
with a small optic disc area (OD 1.57 mm2 and LE 1.50 mm2) 
(online supplemental figure 1C).
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At the last examination, after a 9-year follow-up, the patient 
was stable, without significant changes in visual acuity and 
colour vision. Similarly, a stable central scotoma was noticed at 
visual fields (MD −3.18 in RE and MD −3.45 in LE) (figure 1A) 
and unchanged RNFL and GCL thinning at OCT were evident 
(figure 1A).

Patient 2: case report
This patient is the proband’s sister, now in the early 40s. She 
referred a sudden and painless visual loss in both eyes at 18 years 
during physical activity followed by slowly progressive recovery 
of vision. The past clinical charts demonstrated visual loss up 
to 0.05 in both eyes, associated with small central scotoma at 
visual fields. At 19 years, she had a bilateral central scotoma 
(MD −4.35 in RE and MD −3.39 in LE) (online supplemental 
figure 2A).

Her medical history was remarkable for headache since the 
age of 14 years and mild sensorineural hearing impairment since 
38 years.

Patient 2: ophthalmological findings
The ophthalmological evaluation at 34 years of age disclosed 
visual acuity of 1.0 in RE and 0.8 in LE. Colour vision defect was 
evident in both eyes (Ishihara test RE 3/12 and LE 5/12). Visual 
fields showed a central scotoma (MD −3.39 in RE and MD 
−3.38 in LE) (online supplemental figure 2B). Ophthalmoscopy 
revealed a small optic disc with central small excavation and 
temporal pallor (online supplemental figure 2C). OCT showed a 
diffuse reduction of the RNFL associated with a small optic disc 
area (online supplemental figure 2C).

At the last examination, after a 7-year follow-up, the patient 
reported no further deterioration of visual function, the visual 
acuity and colour Ishihara test were unchanged. Visual fields 
revealed a stable central scotoma (MD −5.16 in RE and MD 
−3.51 in LE) (figure  1B). OCT did not show any change of 
RNFL and GCL thickness (figure 1B).

Genetic analysis
We performed WES on the proband (II-1, figure  1C) with a 
mean coverage of 79X, and 96% of target bases were above 
20X. We detected a homozygous variant in the MECR gene 
(NM_016011.5), segregating also in the affected sister (II-1, 
figure  1C), while no likely pathogenic CNV was detected. 
The identified c.772C>T variant leads to the missense change 
p.Arg258Trp and is ultra-rare in GnomAD population data-
base V.2.1.1,20 with max MAF 6.368E-5. This variant has been 
previously reported in two families with MECR dysfunction 
and typical DYTOABG/MEPAN phenotype, but in compound 
heterozygosity with loss-of-function variants,13 21 and accord-
ingly to all reported evidence is classified as pathogenic according 
to ACMG guidelines.

In this family, the p.Arg258Trp was found inside a large ROH 
of 3.16 Mb, pointing to a possible parental relatedness. The 
main clinical and genetic findings of published cases with the 
additional family presented here are summarised in table 1.

Yeast model
The Arg258 residue is conserved in fungi and animals (figure 2A), 
and we confirmed that human MECR wild-type allele (MECRwt) 
can partially complement the oxidative growth of the etr1Δ S. 
cerevisiae strain, as already reported (figure  2B).13 When the 
strain was transformed with MECR harbouring the Arg258Trp 
variant (MECRR258W), the mutant showed a reduced oxidative 

Figure 1  Clinical and pedigree data. Fundus pictures showing temporal 
optic disc pallor, visual field showing central scotoma, and optical 
coherence tomography revealing temporal retinal nerve fibre layer thinning 
and diffuse macular ganglion cell layerthinning for (A) patient II-1 and 
(B) patient II-2. (C) Family pedigree.
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growth compared with the strain harbouring MECRwt on a 
medium supplemented with 2% ethanol, indicating the variant 
is associated with an oxidative phenotype (figure 2B). This result 
was confirmed by the oxygen consumption rate (OCR), which 
was similar to that of the etr1Δ strain transformed with the 
empty plasmid and decreased by 30% compared with the strain 
transformed with MECRwt (figure 2C). By measuring the steady-
state levels of MECR protein, we observed two bands, whose 
size is compatible with the unprocessed MECR protein and 
with the functional MECR protein in which the mitochondrial 
localisation signal was removed: in the MECRR258W strain, the 
MECR levels were decreased by 80%, suggesting that reduced 
levels of mutant MECR contributed to the phenotypic defects 
(figure 2D).

Fibroblasts analysis
To gain further insights into the consequences of the MECRR258W 
mutation, we investigated fibroblasts derived from the two 
patients carrying homozygous MECR variant here reported.

Western blot analysis on total cellular lysates indicated that 
MECR protein levels were significantly decreased in mutants 
compared with controls. As observed in the yeast model, these 
results confirm that MECRR258W mutation causes protein reduc-
tion (figure 3A,B).

Since the MECRR258W mutation in yeast showed an 
oxidative phosphorylation (OXPHOS) defect, we inves-
tigated the OCR after having incubated fibroblasts in a 
galactose-containing medium for 48 hours, thus forcing 

Figure 2  Yeast modelling of MECRR258W variant. (A) Alignment of MECR proteins from different organisms, including Mus musculus (mammals), Gallus 
gallus (birds), Chelonia mydas (reptiles), Xenopus laevis (amphibians), Danio rerio (bony fish), Scyliorhinus canicula (cartilaginous fish), Asterias rubens 
(echinoderms), Drosophila melanogaster (arthropods), Ophiocordyceps sinensis (mollusks), Caenorhabditis elegans (roundworms), Schizosaccharomyces 
pombe and Saccaromyces cerevisiae (fungi). (B) Spot assay of W303-1B etr1Δ strain transformed with pFL38ETR1, empty YEplac112TEToff and 
YEPlac112TEToffMECR, either wild-type or harbouring R258W mutation, on YP medium supplemented with either 2% glucose or 2% ethanol. Pictures were 
taken after 3 days. (C) Oxygen consumption rate (OCR) on strains transformed with MECRwt or MECRR258W. OCR was measured on four independent clones 
for each strain and normalised to the OCR of the strain transformed with MECRwt and reported as mean±SD. Statistical analysis was performed by one-way 
analysis of variance followed by a post hoc Bonferroni test. ***p<0.001. (D) Representative image of a Western blot on the same strains reported in panel C 
for MECR and Por1 as loading control, with MECR/Por1 levels normalised to the strain harbouring MECRwt.
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cells to rely on OXPHOS to produce ATP. Contrary to 
the yeast model, the MECRR258W mutant cell lines showed 
no differences in basal, ATP-linked and maximal OCR 
compared with controls. Moreover, the analysis showed a 
comparable CI-driven OCR between mutants and controls 
(figure 3C,D).

The steady-state expression of representative complexes 
subunits of respiratory chain complexes explored by 
Western blotting showed a similar abundance of NDUFB8 
(CI), SDHB (CII), UQCRC2 (CIII), COII (CIV) and ATP5A 
(CV) in the MECRR258W mutant and control cell lines 
(figure  3E,F). Moreover, we examined the supramolecular 
organisation of the respiratory chain complexes (SCs) by 
BN-PAGE. According to previous results, the SCs containing 
active CI were detected in all cell lines, as shown in the 
CI-in gel activity (CI-IGA) panel (figure 3G), suggesting that 
the mutant form of MECR protein does not interfere with 
the formation of SCs in fibroblasts.

Rescue of the phenotype by LA in yeast
It was previously reported that deletion of ETR1 is associated 
with undetectable levels of lipoylated Lat1 and Kgd2, the dihy-
drolipoamide acetyltransferase subunit and the dihydrolipoyl 
trans-succinylase subunit, respectively, of the pyruvate dehy-
drogenase and of the α-ketoglutarate dehydrogenase, due to 
the lack of LA biosynthesis.13 22 We observed lipoylated Lat1 
and Kgd2 in the MECRwt strain, whereas the two proteins are 
undetectable in the MECRR258W strain (figure  4A), suggesting 
that the variant deeply affected the ability of the protein to 
synthesise the LA precursor. LA is also a potent ROS scavenger, 
and it was previously demonstrated that a decrease in its level 
due to variants in genes involved in its synthesis is associated 
with increased sensitivity to oxidant agents such as H2O2.

23 By 
measuring the sensitivity of the MECRwt and MECRR258W strain 
to H2O2, we observed that the presence of the variant is asso-
ciated with a decreased growth (figure  4B) and a decreased 
viability (figure 4C).

Figure 3  Characterisation of patient-derived fibroblasts carrying MECRR258W variant. (A) Western blot of MECR; GAPDH was used as loading control. 
A representative blot of three independent experiments (biological replicates) is shown. (B) Densitometry of MECR content. All data are means and SD 
Statistical analysis was performed by t-test. **: p<0.01. (C) OCR expressed as picomoles O2/min, normalised for protein content, under basal conditions and 
after injection of oligomycin (O), carbonyl cyanide 4-(trifluoromethoxy) phenylhydrazone (FCCP; F), rotenone (R) and antimycin A (A). Data are expressed as 
means ± SD of three independent experiments (biological replicates). (D) Basal, ATP-linked, maximal and CI respiration. All values are means and SD of three 
independent experiments (biological replicates). (E) Western blot of OXPHOS subunits; GAPDH was used as loading control. A representative blot of three 
independent experiments is shown for each protein. (F) Densitometry of OXPHOS subunits of three independent experiments (biological replicates). All data 
are means and SD. (G) CI-IGA of SCs from mitoplasts obtained from control and mutant cells. One representative experiment of three is shown. IGA, in gel 
activity.
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The yeast model allowed evaluation of whether the supple-
mentation with LA could ameliorate the detrimental phenotype 
induced by the variant. The growth rate of the MECRR258W strain 
in liquid YP medium supplemented with ethanol was lower 
compared with the MECRwt strain. When the MECRR258W strain 
was supplemented with LA at a high concentration (40 µg/mL), 
a slight but significant increase in the growth rate was observed 
after 72 and 96 hours (figure 4D). By measuring the levels of 

lipoylated Lat1 or Kgd2 in the mutant strain, no proteins were 
detectable even at a high concentration of LA (figure 4E), indi-
cating that the rescue of the growth was not due to lipoylation 
of such proteins.

To evaluate whether the improved oxidative growth was 
due to the intrinsic antioxidant characteristics of LA, we 
measured the effect of pretreatment with LA at different 
concentrations after exposure of the mutant strain to 1 mM 

Figure 4  Oxidative stress and LA supplementation on yeast model. (A) Representative image of a Western blot of lipoylated Lat1, Kgd2 and Por1 as 
loading control on the same proteins extract as in figure 2, panel D. (B) Growth phenotype of the same strains as in panel A on YPD medium without or 
with 2 mM H2O2. Pictures were taken after 3 days. (C) Viability test assay after treatment with different concentrations of H2O2 for different times on MECRwt 
and MECRR258W strains. Viability was measured on three independent clones for each strain, at least 5000 cells plated for each clone, and reported as 
mean±SD. **p<0.01; ***p<0.001. (D) Cell concentration of the same strains as in panel C, after 48-hour, 72-hour and 96-hour growth in liquid YP medium 
supplemented with 2% ethanol and, for the MECRR258W strain, without or with 40 µg/mL LA. Cell concentration was measured on three independent 
replicates for each strain/condition and reported as mean±SD. *p<0.05; ***p<0.001. (E) Representative image of a Western blot of lipoylated Lat1 and 
Kgd2 proteins extracted from untreated MECRwt strain and untreated or LA-supplemented MECRR258W strain. (F) Viability test assay after treatment with 
1 mM H2O2 for 2 hours and rescue with different concentrations of LA on MECRR258W strain. Viability was measured on three independent replicates for each 
condition, at least 5000 cells plated for each replicate, and reported as mean±SD. ***p<0.001. LA, lipoic acid.
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H2O2 for 2 hours. Pretreatment with at least 4 µg/mL LA 
increased the viability by approximately 20% (figure  4F): 
this value was slightly lower compared with that of MECRwt 
strain exposed to H2O2 without LA pretreatment. Thus, 
we confirm the beneficial effects of LA supplementation to 
reduce oxidative stress.

DISCUSSION
We described two sisters presenting with optic atrophy: the 
proband apparently had a childhood onset, with subsequent 
subacute episodes, whereas the younger sister showed a subacute 
onset resembling LHON. The co-existence of childhood onset 
and subacute loss of central vision at 18 years of age in the same 
family summarises the known spectrum of LHON.1 Nonethe-
less, the multiple subacute episodes reported in the proband with 
childhood onset are a remarkable feature, not typically seen in 
LHON. The only extraocular feature was a mild sensorineural 
hearing impairment, not standard in LHON, even though the 
involvement of the acoustic nerve has been reported also in 
LHON.24

The genetic investigations identified a known recessive patho-
genic MECR variant, previously found in compound heterozy-
gosity with null alleles and associated with the phenotype of 
DYTOABG/MEPAN. This same variant in homozygous state was 
here associated with the novel phenotype of LHON-like isolated 
optic neuropathy and mild sensorineural hearing impairment. 
The p.Arg258Trp variant strongly decreased the MECR protein 
levels, both in patients' fibroblasts and in yeast, suggesting that 
instability of the mutant protein, rather than a decrease in its 
activity, is the main cause of the pathological phenotype. Despite 
a childhood onset of the disease in one case, like the syndromic 
published cases, the two affected siblings in our family did not 
show any sign of dystonia or MRI abnormalities, even after 40 
years of age. It is possible that the residual quantity of MECR 
protein observed in mutant fibroblasts is sufficient for sustaining 
some biochemical activity, thus explaining a less severe pheno-
type compared with the described paediatric cases.

The damaging effect of p.Arg258Trp variant was confirmed 
through yeast modelling, where the reduction of MECR protein 
levels is paired with no detectable lipoylation in mitochondrial 
metabolic enzymes such as Lat1 or Kgd2. This defect translates 
into impaired oxidative growth and OCR, as well as reduced 
protection from oxidative stress induced by H2O2. We then 
supplemented LA to growth medium and observed a partial 
rescue of growth phenotype, especially when administered after 
exposure to H2O2, confirming that the beneficial effect of LA 
may be primarily driven by its antioxidant function, as previously 
observed.25 Thus, LA could be a viable therapeutical option for 
MECR patients, even if it does not compensate directly for the 
lack of protein lipoylation typical of mtFAS dysfunction. Appro-
priate clinical trials titrating LA in patients are needed.

Remarkably, this report on MECR pairs the recent observation 
of an LHON-like phenotype associated with biallelic variants in 
MCAT, also involved in the mtFAS pathway. The knockdown in 
human cells of either MCAT or MECR leads to mitochondrial 
dysfunction characterised by impaired assembly of respiratory 
complexes, mainly due to the loss of acyl-NDUFAB1 and its inter-
action with LYRM proteins.26 Moreover, pathogenic variants in 
both genes have been associated with a severe childhood-onset 
oxidative phosphorylation defect, also characterised by reduced 
levels of intact complexes/supercomplexes in the MCAT described 
case.27 Conversely, we failed to observe such a drastic down-
stream consequence of mutant MECR on OXPHOS complexes 

and respiratory function in our patient-derived primary cultures 
of fibroblasts. As mentioned, the residual activity of MECR in 
these two patients may be sufficient to maintain a basal mito-
chondrial respiration, which might well be defective in neurons 
like the retinal ganglion cells. Consistently, the phenotype of our 
patients is mild, limited to optic atrophy, whereas the full-blown 
encephalopathy described in the other reported patients broadly 
belongs to the spectrum of Leigh syndrome.13 27 Indeed, the 
dual clinical presentation of Leigh syndrome and subacute optic 
neuropathy is now described for the complex I-related genes 
DNAJC30 and NDUFS2 and possibly NDUFA12, as well as the 
mtFAS-related MCAT and MECR, suggesting that this pheno-
typic spectrum could be common to different defects in mito-
chondrial enzymes. On the contrary, even the common mtDNA 
mutations associated with LHON may occasionally lead to Leigh 
syndrome, remarking the mechanistic link between these two 
clinical phenotypes of mitochondrial disease.28 29

Overall, the dysfunctional mtFAS pathway emerges as a previously 
overlooked pathogenic mechanism reflecting on mitochondrial 
function, in addition to the already proposed protein lipoylation 
defect, which possibly contributes to the mitochondrial respiratory 
impairment typical of mtFAS-linked disease.13 In conclusion, mtFAS 
impairment is a new pathogenic mechanism leading to LHON-like 
recessive optic neuropathy, in addition to the previously described 
cases with more severe Leigh-like encephalopathic involvement. 
Further studies on patient-derived neuronal cells are needed to 
clarify the consequences of MECR mutations associated with the 
LHON-like phenotype in the cells targeted by this disease. However, 
the beneficial effect of LA on oxidative stress suggests that this condi-
tion is possibly amenable to treatment.
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