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Editorial Note

The Digital Abstract Book presents the scientific program of the congress and includes written
abstracts for selected contributions and invited talks. Some presentations are listed without an
accompanying abstract.

The document may be subject to updates following the inclusion of additional scientific
contributions.



Keynote Lecture

Introduction: Massimo Zeviani
Invited Talk

Mechanisms for mtDNA transmission and relevance for human pathology.

Nils-Géran Larsson, Department of Medical Biochemistry and Biophysics
Biomedicum 9D, Karolinska Institutet, Stockholm.

Chair: Massimo Zeviani, Institute for Maternal and Child Health IRCCS Burlo Garofolo,
Trieste.

Germline transmission of mitochondrial DNA (mtDNA) is essential for nearly all metazoan
species. Unlike nuclear DNA inheritance, the mtDNA transmission follows a distinct pattern. In
mammals, mtDNA is strictly maternally inherited and lacks recombination. Coupled with its high
mutation rate, this creates a fundamental problem: without mechanisms to counteract
mutation buildup, the genome faces irreversible deterioration and species extinction - a
phenomenon known as Muller’s ratchet. To combat this threat, at least two key mechanisms
have been selected for in mammals: the mtDNA bottleneck, a stochastic process that reduces
the number of mtDNA molecules passed to the next generation, and purifying selection, which
actively eliminates mtDNA molecules with harmful mutations. Using genetic mouse models
with a tighter genetic bottleneck, we demonstrate that increased heteroplasmic variance
between individuals coincides with a decreased mutational burden and a lower
nonsynonymous-to-synonymous ratio within each mouse, directly linking mtDNA bottleneck
size to the strength of purifying selection. In contrast, models with an impaired autophagic
mitochondrial turnover show decreased heteroplasmic variance, increased mutational burden,
and a higher nonsynonymous-to-synonymous ratio, indicating a weakened purifying selection.
In summary, we provide experimental evidence that the bottleneck and purifying selection are
linked phenomena when mtDNA is maternally inherited. These findings are relevant for human
pathology and may provide a basis for developing novel treatments to prevent transmission of
heteroplasmic mtDNA mutations in mitochondrial disease.



Session 1 Basic Science

Chair: Valeria Tiranti, Fondazione IRCCS Istituto Neurologico “Carlo Besta”, Milan
Chair: Piero Santantonio, Mitocon

Invited Talks

New therapeutic approaches for mitochondrial myopathies.
Carlo Viscomi, Department of Biomedical Sciences, University of Padova; Veneto Institute
of Molecular Medicine, Padova.

Mitochondrial myopathies are genetically heterogeneous disorders caused by mutations in
mitochondrial or nuclear DNA that impair oxidative phosphorylation, resulting in severe muscle
dysfunction. Although no curative therapies currently exist, several promising pharmacological
and gene-based strategies are emerging.

Our previous work demonstrated that inhibition of mTORC1 with rapamycin significantly
improved motor performance and attenuated myopathy in a Cox15 muscle-specific knockout
(Cox15™™) mouse model. These benefits were mediated by activation of TFEB-dependent
autophagy and lysosomal biogenesis. Given the broad systemic effects of rapamycin, we
explored alternative strategies to activate TFEB, focusing on Urolithin A (UA), a natural
polyphenol known to promote mitophagy. Cox75"™*™ mice expressing the mitophagy reporter
MitoQC were treated with UA for nine weeks. UA-treated mice exhibited significant
improvements in motor function, increased mitophagy in skeletal muscle, and improved
mitochondrial ultrastructure, despite no detectable restoration of cytochrome c oxidase activity.
In parallel, we evaluated an AAV-based gene therapy approach using a novel liver-detargeted,
myotropic AAV vector to restore Cox15 expression in Cox75™ mice. Systemic administration
of AAV-Cox15 led to a robust and sustained improvement in motor performance beginning as
early as two to four weeks post-injection. Histological analyses revealed reduced muscle
pathology and partial recovery of cytochrome c oxidase activity, while electron microscopy
demonstrated marked rescue of mitochondrial ultrastructure. Notably, this engineered AAV
vector showed superior therapeutic efficacy compared to AAV9 at equivalent doses.

Together, these studies identify two complementary therapeutic strategies for mitochondrial
myopathies: a pharmacological approach that enhances mitophagy and mitochondrial quality
control, and an optimized gene therapy platform enabling efficient genetic correction. These
findings provide a strong rationale for further development of both standalone and
combinatorial therapeutic interventions.



The SURF1 KO pig: A translational model to implement new therapeutic treatments for
Leigh Syndrome.
Dario Brunetti, Fondazione IRCCS Istituto Neurologico “Carlo Besta” , Milan.

Leigh syndrome (LS) is a severe pediatric mitochondrial disorder frequently caused by biallelic
SURF1 mutations, for which no approved therapy currently exists. Existing small-animal models
have largely failed to recapitulate the complex human phenotype. We generated and
characterized a SURF1 knockout (KO) pig model, which exhibited fetal growth restriction, low
birth weight, marked hypotonia, muscle weakness, impaired motor coordination, feeding and
swallowing difficulties, hypothermia, respiratory instability, lethargy and rapid postnatal
lethality, closely mirroring key features of human LS.

Comprehensive transcriptomic, metabolomic, and biochemical analyses in newborn piglets
demonstrated reduced complex IV activity, AMPK hyperphosporilation, inhibition of the mTOR-
PGC1a signaling pathway, impaired neurogenesis, defective myogenesis, and widespread lipid
metabolism abnormalities. These findings suggest that the OXPHOS defect profoundly impairs
cellular metabolism during early development, thereby driving the onset of postnatal
neurological manifestations. Thus, LS may particularly benefit from early therapeutic
interventions to prevent or mitigate postnatal disease progression.

We evaluated the safety and efficacy of different neonatal pharmacological treatments, which
partially restored both the clinical and molecular phenotype, prolonged survival, and alleviated
neuromuscular symptoms. Moreover, we present preliminary data on an innovative in utero
fetal gene therapy approach.

These findings establish SURF1 KO pigs as a clinically relevant large-animal model and provide a
robust preclinical platform for the development of early therapeutic strategies for mitochondrial
disorders.



Session 2 Clinical Updates

Chair: Enrico Bertini, Bambino Gesu Children’s Research Hospital IRCCS, Roma
Chair: Paola Desideri, Mitocon

Invited talks

Mitochondrial Leukoencephalopathies: data from a multicentric observational Study.
Anna Ardissone, Fondazione IRCCS Istituto Neurologico “Carlo Besta”, Milan.

Mitochondrial leukoencephalopathies are a heterogeneous group of rare neurological disorders
caused by mitochondrial dysfunction and characterized by primary involvement of the cerebral
white matter. These conditions arise from pathogenic variants in mitochondrial DNA or nuclear
genes encoding proteins essential for mitochondrial energy production and maintenance.
Impaired oxidative phosphorylation leads to energy failure, particularly affecting the central
nervous system.

We describe a cohort of adult and pediatric patients with mitochondrial leukoencephalopathies,
focusing on clinical, radiological, and phenotypic differences between age groups. Distinct
phenotypes are observed across different genetic subtypes, reflecting age-related vulnerability
and disease progression. Neuroimaging reveals variable patterns of white matter involvement,
sometimes extending to deep gray matter, brainstem, or cerebellum.

By highlighting age-related and phenotypic differences, this study aims to improve early
diagnosis and facilitate the identification of potentially treatable forms, thereby optimizing
clinical management and patient outcomes.



Sildenafil in Leigh syndrome: translational path from stem cells-based drug discovery to
clinical trials.
Alessandro Prigione, Heinrich Heine University in Dusseldorf.

Leigh syndrome (LS) is one of the most severe forms of mitochondrial disease. LS is a devastating
neurological disease with no cure leading to early death in children. To accelerate drug discovery
for LS, we screened a library of 5,632 repurposable compounds in neural cells from LS patient-
derived induced pluripotent stem cells (iPSCs). We identified phosphodiesterase 5 (PDE5)
inhibitors as leads and prioritized sildenafil for its clinical safety. Sildenafil corrected
mitochondrial membrane potential defects, restored neurodevelopmental pathways, and
normalized calcium responses in LS brain organoids. In small and large mammalian models of
LS, sildenafil extended the lifespan and ameliorated disease phenotypes. Off-label individual
basis treatment with sildenafil in six LS patients improved their motor function and resistance
to metabolic crises. Sildenafil received the designation of Orphan Drug from the European
Medicines Agency (EMA) for the treatment of LS, and for this a clinical trial is now under
development. In this talk | will present these results and ongoing efforts in translating the
findings into a concrete therapy for the incurable pediatric mitochondrial disease LS with highly
unmet medical needs.



Session 3 Advances in Therapies

Chair: Massimiliano Filosto, University of Brescia
Chair: Paula Morandi, Mitocon

Invited Talks

Advances in MNGIE.
Ramon Marti, Vall d’ Hebron Research Institute and CIBERER, Universitat Autonoma de
Barcelona.

Mitochondrial NeuroGastrolntestinal Encephalomyopathy (MNGIE) is an autosomal recessive
disorder caused by mutations in TYMP, encoding thymidine phosphorylase (TP). The main clinical
features are gastrointestinal dysmotility, cachexia, ptosis, ophthalmoparesis, peripheral
neuropathy and leukoencephalopathy. The disease is relentlessly progressive and fatal before
age 50 in most cases.

In MNGIE patients, the loss of function of the TP enzyme results in a pronounced systemic
accumulation of its substrates, thymidine and deoxyuridine (dThd and dUrd), which interfere
mitochondrial DNA replication leading to mitochondrial dysfunction and progressive clinical
deterioration. For this reason, the proposed treatments aim to reduce these nucleosides to
normal levels. The therapeutic options currently offered to MNGIE patients are allogeneic
hematopoietic stem cell transplantation (alloHSCT) and liver transplantation (LT). In both cases,
the TP-containing allograft restores dThd and dUrd catabolism and drastically reduces dThd and
dUrd concentrations to nearly normal levels. As a result, the progression of the disease is halted
and, in some cases, subtle additional improvements can be objectivated. However, both
alloHSCT and LT are aggressive procedures with some treatment-related mortality events that
are particularly pronounced in the case of alloHSCT.

Several promising alternative therapy approaches have been extensively investigated and are
currently advancing towards the clinical phases. The possibility to treat MNGIE using an AAV-
based gene therapy has shown positive preclinical results since 2014 and is currently in the
process to reach important regulatory advances that will constitute an important milestone
bringing this therapy closer to patients. In addition, enzyme replacement may constitute an
alternative or complementary tool. Variables such as the sustainability and long-term feasibility
of the interventions (including the associated costs) as well as other pathomechanistical aspects,
such as the need to locally target the inner/outer intestinal milieu, are multifaceted variables
that need to be considered in order to improve the strategies to treat MNGIE.



Advances in Thymidine Kinase 2 Deficiency.
Cristina Dominguez Gonzalez, CIBERER. Instituto de Investigacién imas12. Hospital
Universitario 12 de Octubre, Madrid.

Thymidine kinase 2 deficiency (TK2d) is an autosomal recessive mitochondrial disorder within
the mtDNA depletion and multiple deletion syndromes, caused by biallelic pathogenic variants
in TK2. TK2 encodes a mitochondrial enzyme essential for the pyrimidine deoxynucleotide
salvage pathway, catalyzing the phosphorylation of deoxythymidine (dT) and deoxycytidine (dC).
Loss of TK2 activity disrupts intramitochondrial deoxynucleotide homeostasis, impairing mtDNA
replication and maintenance and resulting in quantitative (depletion) and/or qualitative (multiple
deletions or duplications) mtDNA defects. The estimated global prevalence is 1.64 per million
(IQR: 0.5-3.1), with marked regional variability.

The clinical spectrum is highly heterogeneous. Severe neonatal-onset disease is characterized
by profound mtDNA depletion, multisystem involvement including central nervous system
manifestations, and high early mortality. Adult-onset forms typically present with myopathy with
progressive external ophthalmoplegia, associated with multiple mtDNA deletions and relatively
preserved mtDNA copy number. Intermediate phenotypes, the most frequent, manifest from
infancy to early adulthood with progressive myopathy, early respiratory and bulbar involvement,
and substantial mortality risk. Natural history studies consistently identify early respiratory
compromise as a defining feature across phenotypes.

In November 2025, the FDA approved KYGEVVI, a combination of doxecitine (dC) and
doxribtimine (dT), for patients with TK2d and symptom onset <12 years; regulatory review by
the EMA is ongoing. In a cohort of 82 genetically confirmed patients treated with KYGEVVI or
pyrimidine nucleosides, survival and functional outcomes were compared with matched
untreated controls. Treatment was associated with an approximately 86% reduction in mortality
risk from treatment initiation (95% Cl: 61-96%). Functional disease trajectory improved after
treatment initiation, with reduced loss of motor milestones, recovery of previously lost
milestones in most patients, decreased dependence on ventilatory support, and a lower
proportion of patients requiring feeding tube placement. Treatment was generally well
tolerated, with few treatment-emergent adverse events leading to discontinuation. A non-
placebo-controlled clinical trial is currently ongoing to evaluate the safety and efficacy of
nucleoside therapy in patients with symptom onset after 12 years of age.

The approval of KYGEVVI marks a turning point in mitochondrial medicine, demonstrating that
targeted restoration of mitochondrial nucleotide balance can meaningfully alter disease
trajectory in mtDNA maintenance disorders.



Mitochondrial Donation in Clinical Practice: insights from the UK Reproductive Care
Pathway.
Robert McFarland, Newcastle University.

Mitochondrial diseases can be some of the most devastating, debilitating and life-limiting
conditions. Although there have been some developments with regard to treatment, progress
remains slow. Against this background, many couples with a family or personal history of
inherited mitochondrial disease have chosen reproductive options to avoid transmission of
disease to their children. Preimplantation Genetic Testing (PGT) was established for nuclear
genetic disorders over 35 years ago and has been utilised successfully by many couples for
autosomal recessive mitochondrial disease. Women with mtDNA related disease are also able
to benefit from PGT though only when there is a realistic prospect of having eggs with low level
heteroplasmy. Mitochondrial Donation, or Mitochondrial Replacement Therapy, emerged as a
potential strategy for human reproductive choice in the early part of this century. This IVF
process involves the use of mitochondria from the egg of a healthy female donor - the third
person in what has become known colloquially as the ‘three parent baby' technique. | shall
discuss the scientific, clinical, legislative and regulatory aspects of implementing this
reproductive option in the UK as well as our preliminary results from the follow-up of children
conceived using this technique.



Young Investigator Session
Contributed Abstracts

Chair: Carlo Viscomi, University of Padova
Chair: Francesca Latella, Mitocon

Brain physiological transcriptomic architecture underpinnings of regional vulnerability
to stroke-Llike lesions in MELAS.
Matteo Azzimonti, IRCCS Fondazione Ca' Granda Ospedale Maggiore Policlinico, Milan

Matteo Azzimonti', Francesca Magri?, Daniela Piga', Guido Del Vecchio3, Giorgio Conte?, Stefania Corti?4,
Dario Ronchi'4, Giacomo Pietro Comi™#

"Neurology Unit, IRCCS Fondazione Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy.
2Neuromuscular and Rare Diseases Unit, IRCCS Fondazione Ca' Granda Ospedale Maggiore Policlinico,
Milan, Italy.

3Neuroradiology Unit, Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy

4Dino Ferrari Center, Department of Pathophysiology and Transplantation, University of Milan, Italy.

Keywords
MELAS - Stroke-like lesions - Transcriptomic - Imaging

Introduction/Scope

Mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes (MELAS) is a
maternally inherited mitochondrial disease characterized by the occurrence of stroke-like
episodes (SLEs), acute neurological events accompanied by neuroimaging evidence of stroke-
like lesions (SLLs) extending beyond vascular territories. SLLs can manifest anywhere in the
brain, although posterior regions seem to be more frequently affected. The mechanisms
underlying the differential susceptibility of various brain regions to SLLs remain largely
unknown. The availability of brain-wide normative transcriptomic atlases obtained from healthy
brain donors, such as the Allen human brain atlas (AHBA) can offer insights into this topic.

We aim to explore whether regional expression of specific genes in the healthy brain is
associated with regional susceptibility to SLLs in MELAS. Specifically, we aim to perform a spatial
correlation analysis between transcriptomic regional normative data, derived from the AHBA,
and lesions probability maps (LPMs) derived from MRI scans of MELAS patients obtained during
SLEs.

Materials and Methods

We aim to select at least 20 patients with a molecular diagnosis of MELAS due to m.3243A>G
point mutation, with availability of at least one MRI performed during a SLE within 15 days of
symptom onset. If a patient has a history of multiple SLEs and an MRI performed in the acute
phase for each episode, more than one MRI may be included in the analysis (i.e., one for each
different SLE). Acute SLLs will be identified and manually segmented on FLAIR sequences, then
binarized masks will be averaged across patients to obtain LPMs. To explore the spatial
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relationship between LPM and gene expression profiles obtained from AHBA, the MENGA
platform will be used to retrieve a set of genes showing significant and reliable spatial
association with the imaging data. Further analyses may be performed to identify biological
pathways that are overrepresented in the gene list (enrichment analysis) and to determine the
cell types in which they are preferentially expressed.

Results and Discussion

Data collection and image processing are currently ongoing. We are actively seeking
collaborations from other centres to increase the sample size and strengthen the analyses.
Conclusions

This study proposes an innovative brain-wide transcriptomic-neuroimaging approach to
investigate the determinants of regional susceptibility to stroke-like lesions in MELAS.
Collaborative efforts will be crucial to maximize the impact of this initiative and pave the way for
mechanistic discoveries that could inform future therapeutic strategies.
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Investigating LHON-Linked Mitochondrial and Synaptic Impairments in Human iPSC-
Derived RGCs.

Andrea Cavaliere, Unit of Medical Genetics and Neurogenetics, Fondazione IRCCS Istituto
Neurologico “Carlo Besta”, Milan.

Andrea Cavaliere’, lvano Di Meo’, Alessandra Maresca?, Maria Nicol Colombo?, Camille Peron’, Marco
Barresi',Chiara Santanatoglia’,Chiara Fasano’, Valerio Carelli?3, Valeria Tiranti’

" Unit of Medical Genetics and Neurogenetics, Fondazione IRCCS Istituto Neurologico C. Besta, Milan, Italy
2|IRCCS Istituto delle Scienze Neurologiche di Bologna, Programma di Neurogenetica, Bologna, Italy
3Department of Biomedical and Neuromotor Sciences-DIBINEM, University of Bologna, Bologna, Italy

Keywords - LHON; hiPSCs; RGCs; mitochondrial alterations, synapses.

Leber’s Hereditary Optic Neuropathy (LHON) is a mitochondrial disorder that specifically targets
retinal ganglion cells (RGCs), resulting in central vision loss (Wallace et al. 1988; Carelli et al. 2004).
The common homoplasmic variant, m.11778G>A, impairs mitochondrial function; however, the
exact cellular mechanisms contributing to RGC vulnerability remain inadequately elucidated
(Peron et al. 2021). To address this knowledge gap, we established a human in vitro model of
LHON utilizing induced pluripotent stem cell (hiPSC)-derived RGCs to investigate mitochondrial
function, dynamics, and synaptic integrity in LHON.

hiPSC-derived RGCs were generated from four genetic backgrounds: healthy control, patient-
derived mutant, mutation-free isogenic, and homoplasmic mutant isogenic. Mitochondrial
function and mtDNA copy number were evaluated using Seahorse analysis and gPCR,
respectively. Mitochondrial motility was monitored using MitoTracker live-cell imaging in
microfluidic chambers, transcriptomic changes were examined using single-cell RNA
sequencing, and protein levels, including synaptic and autophagy markers, were quantified
using western blotting.

Mutant RGCs exhibited a significant reduction in mtDNA copy number, impaired oxidative
phosphorylation, and decreased ATP production, directly implicating the m.11778G>A variant in
bioenergetic dysfunction. Transcriptomic and protein analyses revealed the downregulation of
synaptic pathways and reduced expression of SYNAPSIN-1 and PSD-95, indicating compromised
synaptic connectivity. Enhanced mitochondrial motility, as observed through live-cell imaging,
may represent a compensatory response to local energy demands. Autophagy analysis indicated
alterations in LC3-B Il and p62 levels, suggesting changes in autophagic flux and mitochondrial
homeostasis. Collectively, these findings delineate a pathological landscape where
mitochondrial bioenergetics, organelle dynamics, and synaptic function are concurrently altered
in LHON.

These observations suggest that the m.11778G>A variant compromises mitochondrial function,
organelle distribution, and synaptic integrity, thereby affecting the health of RGCs. These results
underscore the close relationship between mitochondrial dysfunction and synaptic alterations
in LHON (Yang et al. 2019) and identify potential targets for vision-preserving treatments. The
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hiPSC-derived RGC model captures multiple features of LHON and may thus support further
research into its mechanisms and potential treatments in the future.

Acknowledgement

A.C. is a recipient of SG-2021-12374454 from the Italian MOH. REORION project (RF-2018-12366703).
PNRR-MR1-2023-12377223 (Therapy4All) of the Italian MOH supported this project. SE-IMITO
EPPERMED2024-360 European project also supported this project. C.F. is supported by Associazione Luigi
Comini, Onlus.
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Modeling MT-ATP6 mitochondrial disease with patient-derived neuronal progenitor
cells.

Anna Maria Haschke, Charité-Universitatsmedizin Berlin, Corporate Member of Freie
Universitat Berlin, Humboldt-Universitat zu Berlin, and Berlin Institute of Health, NeuroCure
Cluster of Excellence.

Anna Maria Haschke,'? Alessandro Prigione,® and Markus Schuelke'?

1 Charité-Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-
Universitat zu Berlin, and Berlin Institute of Health, NeuroCure Cluster of Excellence, 10117 Berlin,
Germany

2 Charité-Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-
Universitat zu Berlin, and Berlin Institute of Health, Department of Neuropediatrics, Charité-
Universitatsmedizin Berlin, 13353 Berlin, Germany

3 Department of General Pediatrics, Neonatology and Pediatric Cardiology, University Hospital
Dusseldorf, Heinrich Heine University, 40225 Dusseldorf, Germany

Keywords

Maternally inherited Leigh syndrome (MILS), MT-ATP6, neuronal precursor cells, calcium
signaling, energy metabolism, patient-derived models

Introduction/Scope

Mitochondrial disorders caused by mutations in MT-ATP6 are among the most severe mtDNA-
related diseases, leading to syndromes such as maternally inherited Leigh syndrome (MILS) and
NARP. Studying these rare conditions remains difficult because no animal models exist and
MtDNA cannot be gene-edited. Patient-derived neuronal precursor cells (NPCs) have shown to
offer a powerful model to investigate disease mechanisms and explore therapies as they directly
represent the patients disease phenotype in a neurological state (Lorenz et al, 2017; Inak et al,
2021; Zink et al, 2025).

Patient- Assessment of disease mechanism
derived NPCs and drug screening
My ER
S hY > Mitochondria

— ¢ Mitochondrial membrane potential
Cytosol — e Compartment-specific calcium profile

v ¢ mitochondrial ATP production
Figure 1. Grafic overview of the patient-specific strategy for disease investigartion and drug
discovery of neurological mitochondrial disease.

Materials and Methods

NPCs were generated from induced pluripotent stem cells (iPSCs) derived from patients carrying
MT-ATP6 (Zink et al, 2021). We assessed mitochondrial membrane potential (MMP) with TMRM
(Zink et al, 2022), energy metabolism using lumiscence-based assays, and subcellular calcium
dynamics through live-cell imaging with compartment-specific probes.

Results and Discussion

High-content screening of >5,000 FDA-approved compounds previously identified Sildenafil as a
candidate drug restoring MMP in patient-derived NPCs (Lorenz et al, 2017). The translation into
a clinical setting has since led to treatment of six patients carrying MT-ATP6 mutations, with
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notable improvements in clinical outcome (Zink et al, 2025). Building on these results, we now
focus on dissecting mitochondrial energy production and calcium homeostasis in patient-
derived NPCs. Preliminary findings reveal altered compartmentalized calcium signaling. These
cellular phenotypes provide mechanistic insight into the pathophysiology and may serve as
readouts for future therapeutic screening.

Conclusions

Patient-derived NPCs enable mechanistic exploration of mitochondrial disorders, recapitulating
the neurological phenotype. Translation of preclinical findings has already provided a promising
therapeutic avenue, highlighting the power of patient-specific cell models for advancing
treatment strategies in mitochondrial disease.

Acknowledgement

All work is done in close colaboration with the cureMILS consortium including Dr. Ole Pless and
collegues from the Helmholtz Center in Hamburg and the group of Prof. Dr. Alessandro Prigione
at the Heinrich Heine University Dusseldorf, Germany. | also want to acknowledge Prof. Dr.
Markus Schulke who is guiding me with his expertise and is taking care of the patients at the
clinic.
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hiPSC-derived microglia-like cells: establishing a model to study POLG-related
mitochondrial disease.

Piervito Lopriore, Neurological Institute, Department of Clinical and Experimental
Medicine, University of Pisa, Scuola Superiore Sant'Anna Ph.D. School in Translational
Medicine, Pisa.

P. Lopriore'.?, |. Barravecchia3, M. Andreazzoli4, M. Mancuso', D. Angeloni’

" Neurological Institute, Department of Clinical and Experimental Medicine, University of Pisa, 56126 Pisa,
Italy

2 Scuola Superiore Sant’/Anna, PhD School in Translational Medicine, Pisa, Italy

3 The Institute of Biorobotics, Scuola Superiore Sant‘Anna, 56127 Pisa, Italy

4 Department of Biology, University of Pisa, 56126 Pisa, Italy

Keywords

POLG; hiPSC-derived microglia; mitochondrial disease

Introduction / Scope

Pathogenic POLG variants cause mitochondrial dysfunction and mitochondrial diseases
frequently involving the central nervous system (Rahman et al., 2019). Neuroinflammation is
increasingly recognized as a driver of neuronal loss in these disorders, with microglia playing a
central role in immune surveillance and synaptic regulation (Aguilar et al., 2022; Kang et al.,
2024). Current hiPSC-based models lack mature microglia, and no human POLG-mutant
microglia models are available. hiPSC-derived microglia-like cells (hiMGLs) represent a promising
platform to investigate microglial biology and POLG-related pathogenesis. This study aimed to
generate hiMGLs from healthy donors and patient-derived iPSCs.

Materials and Methods

Starting from a healthy-donor hiPSC line (SCTi003-A), hiMGLs were generated using an
established differentiation protocol (Abud et al, 2017), involving the generation of
hematopoietic progenitors (hiHPCs) followed by microglial differentiation. Molecular and
functional assays were performed on healthy-donor cells. Patient fibroblasts carrying POLG
mutations were reprogrammed into iPSCs using Sendai virus-mediated delivery of OCT4, SOX2,
KLF4, and MYC.

Results and Discussion

Pilot differentiation of healthy-donor hiPSCs produced hiHPCs, with over 94% of cells expressing
CD43 by flow cytometry, accompanied by downregulation of pluripotency markers and
upregulation of myeloid markers (CD34, CD14). Mature hiMGLs overexpressed P2RY12, showed
IBA1 positivity by immunofluorescence, efficiently internalized B-amyloid fibrils, and displayed
morphological responses to lipopolysaccharide stimulation, confirming microglial identity and
functionality.

Patient fibroblasts carrying compound heterozygous POLG mutations (W748S/A467T) were
successfully reprogrammed into iPSCs. Reprogramming of fibroblasts from a patient
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homozygous for A467T is currently ongoing, providing the basis for future studies using patient-
derived hiMGLs.

Conclusions

While patient-derived iPSCs are currently undergoing reprogramming, healthy control iPSCs
have been successfully differentiated into functional hiMGLs. POLG-related bioenergetic defects
may impair microglial metabolic plasticity, potentially affecting differentiation and function. The
link between mitochondrial DNA maintenance defects and immune dysregulation remains to be
elucidated and will be investigated using patient-derived hiMGLs.

Acknowledgments

We are grateful to A. Maresca, C. La Morgia, and V. Carelli for their contribution to this project.
This work is part of the project funded by PRIN 2022 (code 2022B9WY4A), “Mitochondrial Diseases:
Unraveling the Clinical Maze by Omics and Artificial Intelligence”, CUP 153D23004640006, PNRR
Mission 4 - Education and Research, Italian Network.
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Keynote Lecture

Introduction: Valeria Tiranti, Fondazione IRCCS Istituto Neurologico “Carlo Besta”, Milan

Invited Talk
Gene therapies in PMDs
Carlos T. Moraes, University of Miami Miller School of Medicine

Chair: Valeria Tiranti, Fondazione IRCCS Istituto Neurologico “Carlo Besta”, Milan

My presentation will focus of gene editing approaches to treat mitochondrial DNA diseases. The
last decade witnessed major advances in gene editing of the mitochondrial genome. We have
adapted the use of a homing endonucleases (ARCUS) to localize to mitochondria and specifically
recognize and cleave mutant mitochondrial DNA (mtDNA). mitoARCUS is small and monomeric,
facilitating development and delivery. We have shown that mitoARCUS was effective against a
mouse mtDNA mutation as well as against the relatively common m.3243A>G human mutation.
More recently, we used Lipid Nanoparticles (LNP) to deliver mitoARCUS to mouse skeletal
muscle, resulting in a reduction of mutant mtDNA and improved muscle function.

Platforms for single base editing have also been developed for mtDNA. They are based on a
bacteria double-strand DNA deaminase known as DddA. DddA-derived cytosine base editors
(DACBEs) have been shown to modify cytosine into thymine. We have used this system to
promote a second site suppressor mutation in mice harboring the m.5024C>T mutation in the
tRNA alanine gene. Re-establishing the tRNA secondary structure improved tRNA alanine levels
and steady-state levels of mtDNA-dependent proteins in cultured cells and in mouse tissues.
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Session 4: Collaboration Models to Accelerate Therapies —
Pharma, Academia, Regulators and Patient Associations

Chair: Michelangelo Mancuso, University of Pisa
Chair: Valerio Carelli, University of Bologna

Chair: Piero Santantonio, Mitocon
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Session 5: Clinical Registries as a tool for Improving Patient
Care and Research

Chair: Costanza Lamperti, Istituto Neurologico Carlo Besta, Milan
Chair: Thomas Klopstock

Invited Talks

The Power of collaboration: how the GENOMIT Registry enables Natural History Studies
and advanced Genetics of Mitochondrial Diseases

Holger Prokisch, Helmholtz Zentrum Munich
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Insights from the Spanish Clinical Registry and Biobank

Marcello Bellusci, Centro de Referencia Nacional y Europeo (MetabERN) en Enfermedades
Metabdlicas, Hospital Universitario 12 de Octubre, CIBERER, Madrid.

The Spanish Mitochondrial Patient Registry and its associated biobank constitute a national
resource dedicated to advancing research on mitochondrial disorders. The registry includes
patients diagnosed with a wide spectrum of mitochondrial diseases. The biobank stores a
comprehensive collection of biological samples, including plasma, peripheral blood cells, and
patient-derived fibroblasts. These samples are being shared with multiple national and
international research groups, fostering collaborative efforts aimed at the identification of novel
biomarkers and the development of innovative therapeutic strategies for mitochondrial
diseases.

Internal research projects at our center focus on several complementary objectives. One major
aim is the validation of existing biomarkers within our population, addressing a critical gap in
genotype-phenotype variability. Additionally, we evaluate biomarker responsiveness to targeted
therapeutic interventions, such as high dose thiamine supplementation in patients carrying
thiamine-responsive variants of PDHA1 deficiency. All is based on integrated multi-omics
approaches, encompassing targeted and untargeted metabolomics as well as proteomic
analyses, to gain deeper insight into disease mechanisms and treatment responses.

Together, the registry, biobank, and ongoing research initiatives provide a robust platform to
accelerate translational research and improve diagnosis and therapy for patients with
mitochondrial disorders. This activity embodies the structure and collaborative spirit of
GENOMIT, of which MitoSpain is part.
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The Italian Clinical Registry for Mitochondrial Diseases: Insights from a National
Experience.

Michelangelo Mancuso, University of Pisa.
Over the past 15 years, the Italian Clinical Registry for Mitochondrial Diseases has represented

a major national effort to systematically collect clinical, genetic, and longitudinal data on patients
with mitochondrial disorders. Established within the framework of the Italian Network of
Mitochondrial Diseases, the registry currently includes more than 2000 patients with pathogenic
mitochondrial and nuclear DNA variants, alongside extensive phenotypic characterization. This
initiative has significantly contributed to improving knowledge of disease spectra and genotype-
phenotype correlations in mitochondrial medicine.

Data derived from the registry have enabled detailed analyses of specific clinical presentations.
Beyond descriptive epidemiology, the registry has served as a foundation for natural history
studies, trial readiness initiatives, and disease-specific cohorts, including ongoing studies on
m.3243-related disorders, mitochondrial diabetes, and m.8344-associated phenotypes.
Importantly, the Italian experience has informed the development of shared diagnostic
pathways and management strategies, supporting harmonization of care across Europe.

The registry is deeply integrated within GENOMIT and the European Reference Networks (ERN
EURO-NMD and MetabERN) and actively contributes to international collaborations, including
joint European-US initiatives and Inter-ERN working groups focused on mitochondrial diseases.
These efforts aim to align academia, ERNs, patient advocacy groups, and international consortia
toward a common, patient-centered approach.

Overall, the Italian Clinical Registry for Mitochondrial Diseases illustrates how long-term,
structured national data collection can drive advances in clinical knowledge, foster international
collaboration, and enhance readiness for future therapeutic trials in mitochondrial disorders.

21



Late Breaking News Session

Chair: Serenella Servidei, Universita Cattolica del Sacro Cuore, IRCCS Fondazione
Policlinico Universitario 'Agostino Gemelli', Rome.
Chair: Paola Desideri, Mitocon

Contributed Abstracts

Spatial transcriptomics for mitochondrial myopathies: preliminary insights from the
MitoMyOmics project.
Vittoria Petruzzella, University “Aldo Moro”,Bari.
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Keywords
Mitochondrial myopathy; Spatial transcriptomics; mtDNA deletions; Nuclear gene defects;
MELAS; Muscle biopsy.

Introduction / Scope

Primary Mitochondrial Myopathies (PMM) show marked genetic and phenotypic heterogeneity
and include disorders associated with mitochondrial DNA (mtDNA) single or multiple deletions,
as well as multisystemic mitochondrial encephalomyopathies such as MELAS. Many PMM derive
from pathogenic mtDNA defects or from nuclear gene variants affecting mtDNA maintenance.
Traditional bulk omics approaches provide useful information but lack the spatial resolution
needed to dissect regional transcriptional heterogeneity within muscle tissue. Within the
MitoMyOmics project, we analyzed skeletal muscle biopsy sections from patients with large-
scale mtDNA deletions, nuclear gene defects, and MELAS. The study aims to investigate the
nuclear transcriptional pathway when mtDNA is altered by integrating multi-omics approaches,
including Spatial Gene Expression (SGE), to map molecular dysfunction across muscle micro-
regions.

Material and Methods

Frozen muscle biopsies from patients with mtDNA deletions, MELAS mutation, or pathogenic
nuclear variants were processed for SGE using the 10X Visium high-definition spatial
transcriptomics platform. Histological sections were aligned with spatially barcoded expression
maps through hematoxylin and eosin staining and the Visium CytAssist. Samples were
sequenced on an Illumina platform. Bioinformatic analysis included spatial coordinate definition
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(Loupe Browser), generation of feature matrices (Space Ranger), and secondary analyses: quality
control, dimensionality reduction, identification of marker genes, functional enrichment, and
differential expression. Analyses were performed in Rv4.5.1 using Seurat [1], DESpace [2], AUCell
[3], msigdbr, and DESeq2 [4].

Results and Discussion

Spatial transcriptomic analysis is ongoing. Preliminary outputs indicate high-quality tissue
capture and robust transcript detection across all samples. Initial assessments confirm the
feasibility of integrating histological features with spatial gene-expression matrices across PMM
subtypes. Early data exploration suggests that spatial resolution will enable the identification of
transcriptional heterogeneity across muscle regions, potentially distinguishing areas with
varying degrees of altered mitochondrial function. Ongoing evaluations include spatial
clustering and pathway-level analyses across PMM categories. Preliminary results will be
presented at the meeting.

Conclusions

These preliminary findings demonstrate that spatial transcriptomics complements existing
omics strategies within the MitoMyOmics project. The approach is expected to refine the
characterization of molecular alterations in PMM by offering spatially resolved insights into
muscle pathology, ultimately improving mechanistic understanding and future patient
stratification.
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RTN4IP1 is required for the final stages of mitochondrial complex | assembly and CoQ
biosynthesis.
Monika Olahova, Newcastle University.
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Introduction

A biochemical deficiency of mitochondrial complex | (Cl) underlies ~30% of cases of primary
mitochondrial disease, yet the inventory of molecular machinery required for Cl assembly
remains incomplete. We previously characterised patients with isolated Cl deficiency caused by
segregating variants in Reticulon-4-Interacting Protein 1 (RTN4IP1), encoding a mitochondrial
NAD(P)H oxidoreductase. Pathogenic variants in the RTN4IP1 gene have been associated with
optic atrophy and multisystem mitochondrial disease, yet the mechanistic role of this protein in
mitochondrial function is not clearly understood.

Materials and methods

To investigate the molecular functions of RTN4IP1 we used patient-derived primary fibroblasts
and generated a tractable model cell system (U20S) lacking RTN4IP1 using CRISPR/Cas9
technologies. Immunoblotting, proteomic and targeted lipidomic analysis, high-resolution
complexome profiling and respirometry were used to assess the biological role of this orphan
mitochondrial protein.

Results and discussion

Characterisation of RTN4/P1-deficient cells showed a marked decrease in the steady-state levels
of fully assembled mitochondrial Cl and its subunits, suggesting that RTN4IP1 is a bona fide Cl
assembly factor. Stable overexpression of RTN4IP1 restored the levels of most downregulated
Cl subunits in the RTN4IP1 knockout cell line closer to wild type levels, demonstrating that
defective RTN4IP1 causes Cl-deficiency. Complexome profiling of both, patient fibroblasts and
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RTN4IP1-knockout cells revealed accumulation of unincorporated late-stage CI ND5-module and
impaired N-module production. In addition to its’ role in Cl assembly, targeted lipidomic analysis
revealed that loss of RTN4IP1 function also leads to defects in coenzyme Q biosynthesis
pathway.

Conclusion

In summary, our data reveal that RTN4IP1 plays an essential role in both the terminal stages of
mitochondrial CI assembly and in coenzyme Q metabolism, and that pathogenic RTN4IP1
variants impair both functions in patients with mitochondrial disease (Olahova et al, 2025).
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Effects of a mitochondrial genetic variant on the neurotoxicity of sevoflurane.
Julio Montoya, Universidad de Zaragoza.
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Introduction

Recently, various anesthesiology societies have reported cases involving pediatric patients of
Venezuelan origin who underwent surgery under general anesthesia and subsequently
developed serious neurological impairment or died. The cause of this condition was unknown.
Material and Methods

Clinical and genetic studies were conducted on eight patients who experienced severe acute
neurotoxicity following the administration of general anesthetics during predominantly minor
surgical procedures. Molecular-Genetics, biochemical, and cellular studies were also performed
on fibroblasts and cybrids treated with general anesthetics.

Results and Discusion

In our cohort, patients exposed to sevoflurane experienced acute perioperative events.
However, no adverse events were observed in the same individuals when intravenous
anesthesia was used. All patients shared the mitochondrial DNA variant m.11232T>C, which
substitutes a leucine with a proline at position 158 of the ND4 subunit of respiratory complex I.
In vitro studies on fibroblasts and cybrids treated with general anesthetics have shown that
exposure to sevoflurane suppresses mitochondrial oxygen consumption in cells carrying this
genetic variant, specifically targeting complex | of the respiratory chain. In contrast, propofol
does not have a differential effect on cells harboring this genetic variant. We concluded that the
m.11232T>C transition substantially increases susceptibility to sevoflurane and the risk of
developing sevoflurane-triggered neurological disorders.

Conclusions

The m.11232T>C transition substantially increases susceptibility to sevoflurane and the risk of
develop neurological disorders. These results have significant implications for enhnancing the
safety of surgical interventions and open new avenues in the field of mitochondrial
pharmacogenetics of general anesthesia.
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Closing Keynote Lecture

Introduction: Thomas Klopstock

Invited Talk

Management of Mitochondrial Optic Neuropathies: an overview.
Valerio Carelli, IRCCS Istituto delle Scienze Neurologiche di Bologna; University of
Bologna.

Chair: Thomas Klopstock, Ludwig-Maximilians-University of Munich.

28



Poster Session

Contributed Abstracts

Poster 01

Genomics landscape of mitochondrial DNA variations in patients from South Italy
affected by mitochondriopathies.

Annamaria Cerantonio, Institute for Biomedical Research and Innovation (IRIB),
Department of Biomedical Sciences, National Research Council (CNR), Mangone.
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Keywords

Mitochondrial DNA; Next generation sequencing; Pathogenic variants; Mitochondrial diseases;
Mutational spectrum; Structural analysis

Introduction/Scope

Mitochondrial DNA (mtDNA) is a 16,569 bp double-stranded circular molecule encoding 37
genes, including 13 respiratory chain subunits, 2 rRNAs and 22 tRNAs. Mutations in these genes
are implicated in disorders affecting multiple organ systems [1, 2]. The advent of next generation
sequencing (NGS) technologies enables comprehensive analysis of the mitogenome and
identification of disease-causing variants on a single platform [3]. This study aimed to
characterize mtDNA variations in patients with suspected mitochondrial diseases from South
Italy.

Material and methods

Whole mtDNA was sequenced in 100 patients using an amplicon-based enrichment strategy
followed by deep sequencing on the lon Torrent platform (Thermo Fisher Scientific, Waltham,
MA, USA). Bioinformatics pipelines and filtering criteria were applied to detect rare
nonsynonymous variants (MAF <1%). Structural analyses were performed for selected variants.
Results and discussion

Analysis identified 26 rare nonsynonymous variants associated with diverse pathological
phenotypes, thereby expanding the mutational spectrum of mitochondrial diseases. Among the
novel variants, MT-ATP6 A200T was further investigated by 3D structural modeling, supporting
a potential functional impact. These findings highlight the contribution of novel variants to
disease pathogenesis in the studied cohort.

Conclusions

This work provides new insights into mtDNA variability in South Italian patients with
mitochondrial disorders. Deep sequencing proved to be a reliable and cost-effective strategy
compared to traditional methods, enabling comprehensive detection of mitogenome variants
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and paving the way for the creation of a genomic landscape of mitochondrial DNA alterations in
human diseases.
Disclosure of potential conflict of interest: The authors declare no conflict of interest
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Poster 02

MicroRNA-181a/b modulation as possible therapeutic strategy for Autosomal
Dominant Optic Atrophy.

Rosa Saurino, Telethon Institute of Genetics and Medicine, Pozzuoli, European School of
Molecular Medicine, Milan.
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Introduction

Autosomal Dominant Optic Atrophy (ADOA) is the most frequent mitochondrial optic
neuropathies (MONSs) in childhood’, caused by the progressive degeneration of retinal ganglion
cells (RGCs), leading to vision loss. Like other mitochondrial diseases, ADOA is genetically
heterogeneous with about 60% of patients harboring mutations in OPA7, which encodes a key
mitochondrial fusion protein. Moreover, over 400 distinct mutations have been identified to
date, resulting in haploinsufficiency or gain-of-function effects, thus further complicating the
development of gene/mutation-specific therapies. Therefore, gene-independent strategies
represent a promising alternative. In this context, we investigated the therapeutic potential of
targeting miR-181a/b, microRNAs involved in mitochondrial regulation and whose
downregulation resulted effective in other MONs, including Leber Hereditary Optic Neuropathy
(LHON)>34,

Materials and Methods

As in vitro model of ADOA we used OPA1-deficient SHSY5Y cells. In this model we tested the
effect of a miR-181a/b sponge, able to specifically bind miR-181a/b and inhibit their activity>, by
looking at mitochondrial biogenesis, apoptosis and dynamics as described?. Cellular respiration
was analyzed using Seahorse XF. For in vivo validation, AAV2/2 vectors expressing the miR-

181a/b sponge were intravitreally injected into Opa?*/*2855ToP

mice, a genetically validated model
of ADOA. Visual function was evaluated by electroretinography (ERG), focusing on the photopic
negative response (PhNR) as a specific measure of RGC function.

Results and Discussion

In OPA1-deficient cells, miR-181a/b inhibition enhanced mitochondrial biogenesis and reduced
mitochondrial fragmentation by decreasing DRP1 translocation. Moreover, sponge-expressing
cells exhibited improved mitochondrial respiration and reduced cell death. In vivo, treated
Opa1/?%>TP mice showed significantly improved visual function compared to untreated
controls. Specifically, the PhNR amplitude was higher in sponge-injected eyes, indicating a
protective effect on RGC function. These results suggest that miR-181a/b modulates key
pathogenic mechanisms in ADOA, indicating that its inhibition may restore mitochondrial and
neuronal homeostasis independently of the specific OPAT mutation.

Conclusions
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Our findings support that the inhibition of miR-181a/b may represent a new mutation-
independent therapeutic strategy for ADOA. The observed improvements in mitochondrial
function and visual performance both in vitro and in vivo highlight the potential translational
value of miRNA-based therapies for MONs
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Phenotypic heterogeneity of central nervous system involvement in MT-ND5
m.13513G>A patients: three cases from a single-center experience.
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Introduction

The multisystemic involvement of Primary Mitochondrial Disorders (PMD) varies among
individuals, mainly affecting high-energy-demanding organs, such as the central nervous
system (CNS) and muscle. Among the mtDNA variants associated with complex | deficiency, the
m.13513G>A in the MT-ND5 gene has been linked to multiple phenotypes, including Leigh
syndrome (LS), Mitochondrial Encephalopathy with Lactic Acidosis and Stroke-Like episodes
(MELAS), and Leber Hereditary Optic Neuropathy (LHON) (Santorelli et al., 1997; Krylova et al.,
2025, Finster,2023). In this case series, we describe three cases from two families sharing this
pathogenic variant, focusing on their CNS manifestations and management.

Materials and Methods

Clinical data were collected for patient A1 and patients B1 and B2 (respectively, mother and son).
Reviewed data included medical history, clinical and genetic assessments,
Electroencephalograms (EEG), and imaging findings.

Results and Discussion

Patient A1 (52% muscle heteroplasmy) had his first neurological manifestation at age 39 with a
tonicclonic status epilepticus requiring anesthetic management and subsequent introduction of
lacosamide, which proved effective. The MRI revealed a small right occipital alteration in
Diffusion-Weighted Imaging (DWI), not confirmed in the following MRIs. Follow-up EEGs showed
an improvement without any further critical events, even after switching to valproic acid for
concomitant psychiatric issues. Patient B1 (5% blood, 20% urinary epithelial cells heteroplasmy)
presented at the age of 58 years with a seizure-related loss of consciousness upon awakening
with left temporal epileptic discharges at the EEG. The brain MRI documented bilateral CADASIL-
like lesions without spectroscopic abnormalities; levetiracetam was initiated with no further
seizures. Patient B2 (80%) both muscle and urinary epithelial cells heteroplasmy) had its onset
at age 17 with a nocturnal tonicclonic seizure and an occipital concomitant stroke-like episode
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(SLE). During the following years, he developed recurrent SLEs and refractory epilepsy -
characterized by absences, focal myoclonic and generalized tonic-clonic seizures - only partially
controlled with multiple and combined therapies (carbamazepine, clonazepam, valproic acid,
lacosamide, levetiracetam, perampanel, and cenobamate). Although limited, our single-center
adult cohort confirms a high rate of CNS involvement in patients with m.13513G>A pathogenic
variant, with heterogeneous seizure presentations and structural brain abnormalities. Seizures
were the first neurological symptoms in all cases, with variable treatment responses. Higher
heteroplasmy levels were correlated with earlier onset and more severe phenotypes.
Conclusions

The m.13513G>A variant is associated with a heterogeneous CNS involvement, characterized by
variable brain structural changes, seizure semiology, and therapy responsiveness, underscoring
the need for early recognition and tailored treatment strategies.
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Mitochondrial ataxia: the Italian experience.
Adriana Meli, Neurological Institute, Department of Clinical and Experimental Medicine,
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Introduction/Scope

Both prevalence and clinical features of ataxia in adults with primary mitochondrial disease
(PMD) are unknown.

In this retrospective study, we evaluated the prevalence and features of ataxic syndrome in a
cohort of 764 patients with either a genetic or clinical diagnosis of late-onset (age>16) primary
mitochondrial disease (PMD).

Materials and Methods

The source was the data uploaded on the italian database of mitochondrial diseases. We
reviewed clinical, neurophysiological, neuroimaging and genetic data.

Results and Discussion

Ataxia was present in 63 subjects (33 females). Mean age of onset of the PMD in ataxic patients
was 36.38, while age of onset of ataxic syndrome was 39.86. In 7 cases ataxia was present before
the diagnosis of PMD, and in 28 cases the onset of ataxic symptoms coincided with diagnosis of
PMD.

We observed cerebellar ataxia in 26 patients, pure sensory ataxia in 10 and spinocerebellar
ataxia in 27 cases.

Electroneurography presented an axonal sensory neuropathy pattern in 24 patients and an
axonal sensory motor involvement in 12, while it was normal in 10 cases.

Most frequent MRI findings were cerebellar (47.6%), brainstem (14.3%) and global cerebral
atrophy (50.8%), white matter hyperintensities (42.9%), lactate peak on spectroscopy (17.5%) and
basal ganglia abnormalities (22.2%).

Genetic analysis identified mtDNA variants in 25 patients (mostly m.8344A>G in MT-TK and
m.3243A>G in MT-TLT), single mtDNA deletions in 3 patients, and nDNA gene variants in the
remaining cases (17 POLG1, 3 OPA1, 2 C100RF2, 1 AARS2, 1 DARS2, 1 PMPCA).

Given the growing prevalence of PMDs and the relative frequency of ataxic syndrome in these
patients, which often occurs at the onset of the disease, it is important to consider mitochondrial
etiology in adult-onset ataxia diagnostic flowchart.

Conclusions

Early identification of this etiology can be crucial for addressing any concurrent medical
conditions that may arise in PMDs patients, as well as for potential target therapies.

35



Acknowledgement
The authors have no conflict of interests to declare

This presentation is part of the project funded by: Prin 2022 code 2022B9WY4A, title
“MITOCHONDRIAL DISEASES: UNRAVELING THE CLINICAL MAZE BY OMICS AND ARTIFICIAL
INTELLIGENCE”", CUP 153D23004640006, PNRR Missione 4 istruzione e ricerca.ltalian Network
Italian network of mitochondrial diseases contributors: Lopriore P., Meli A, Orsucci D, Carelli V,
La Morgia C, Valentino ML, Lamperti C, Marchet S, Musumeci O, Toscano A, Primiano G, Santorelli
FM, Ticci C, Ceravolo R, Filosto M, Rubegni A, Mongini T, Tonin P, Servidei S

36



Poster 05
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Primary mitochondrial diseases (PMDs) are rare disorders with a poorly understood genotype-
phenotype relationship.

We aimed to validate the circulating fibroblast growth factor 21 (FGF-21) and growth
differentiation factor 15 (GDF-15) as effective plasma biomarkers for PMDs (Suomalainen A et
al., 2011; Fujita Y et al., 2015; Lethonen JM et al., 2016).

Using ELISA, we quantified FGF-21 and GDF-15 plasma levels in 1520 samples from 805 adult
patients (pts) with MD and not-mitochondrial neuromuscular disorders (not-MD), as well as 51
age-matched healthy controls (CTRLs).

Statistical analyses evaluated correlations between biomarker levels and epidemiological,
biochemical, clinical, and genetic parameters.

We found that FGF-21 and GDF-15:

v significantly discriminate MD pts from CTRLs and from not-MD pts (p <0.0001).
FGF-21 also differentiates CTRLs from not-MD pts (p<0.001), indicating lower
specificity compared to GDF-15.

v' significantly distinguish MD pts with mutation in the mtDNA from those in the nDNA
(p<0,0001) and MD asymptomatic from MD symptomatic (p<0,0001) (Welch's t-test,
confirmed by Wilcoxon rank-sum test).

Cut-off values for FGF-21 (241 pg/mL) and GDF-15 (509.64 pg/mL), defined via the Youden

method to distinguish CTRLs from MD pts, showed high specificity (0.94) and excellent
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positive predictive value (~98%), but relatively low sensitivity (0.50-0.60) and poor

negative predictive value (36%).

v Both cut-offs showed high AUC (Area Under Curve) values in distinguishing CTRLs from
pts with MERRF (AUC FGF-21=0.84; GDF-15=0.92), MELAS (FGF-21=0.90; GDF-
15=0.86), and CPEO (FGF-21=0.91; GDF-15=0.91) (ROC curve analysis).

v" High levels of FGF-21 and GDF-15 were associated with

1) the presence of muscular symptoms, including CPEO, ptosis, myopathy and reduced
exercise tolerance. Additionally, GDF-15 was linked to stroke-like episodes,
cardiovascular involvement, and diabetes mellitus, which are common clinical features
of MELAS syndrome (ROC curve analysis, NMDAS features)

2) the severity of symptoms such as ptosis, CPEO, reduced exercise tolerance, and
diabetes mellitus; lower levels were linked to severe hearing impairment, migraine
headaches, and gait instability (shape-based machine learning models and NMDAS
features score).

v longitudinal studies showed that FGF-21 and GDF-15 were associated over time with
disease severity (NMDAS total score) and specific diagnoses such as MERRF, MELAS,
CPEO (linear mixed effect models on repeated measures data).

In conclusion, FGF-21 and GDF-15 were validated as diagnostic and prognostic biomarkers for
PMDs, effectively distinguishing clinical subgroups and tracking disease severity over time,
particularly in cases with muscular involvement and syndromes such as MELAS, MERRF, and
CPEO.
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Introduction

Complex | (cl) deficiency is the most common biochemical defect in pediatric mitochondrial
diseases (~35%). Among the prevailing phenotypes is leukoencephalopathy (LE), characterized
by predominant white matter (WM) involvement. No curative therapies exist. Riboflavin (RF), a
precursor of cl coenzymes FMN and FAD, is a possible treatment strategy, but clinical efficacy
remains controversial and specific guidelines are lacking.

Methods

Retrospective analysis of two genetically confirmed cl-deficiency patients treated with high-dose
RF for >16 years, with clinical, biochemical, genetic and instrumental follow-up. Systematic
literature review of RF-responsive cl cases.

Results

Patient 1 (NDUFS1 compound heterozygote) presented at 16 months with psychomotor
regression and diffuse cavitating LE; RF led to near-complete recovery within months, with 16-
year follow-up showing near-normal development and marked MRI lesion reduction. Patient 2
(NDUFV2 homozygote) had acute motor regression at 30 months with cavitating LE; RF induced
rapid, durable improvement confirmed clinically, neurophysiologically, and radiologically over
16 years. Across 46 additional RF-responsive cases, the most frequent responsive phenotypes
were cardiomyopathy (n=16, mostly ACAD9 mutations), myopathy (n=12, all ACAD9 mutations),
and LE (n=8, predominantly NDUFV1/NDUFV mutations).

Conclusion

Our data support riboflavin’s therapeutic potential in selected cl-deficiency phenotypes. While
benefit in ACAD9-related myopathy and cardiomyopathy is established, efficacy in LE is less
recognized. Our cases showed durable clinical and instrumental improvements, contrasting with
the expected natural history. Eight additional LE cases also report favorable outcomes, though
follow-up is limited and post-treatment imaging sparse (only one MRI). Variants in cI N-module
subunits (NDUFV1, NDUFV2, NDUFST), which depend on FMN/FAD, may be particularly responsive.
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Genotype-dependent variability underscores the need for personalized approaches and
stratified prospective studies to define ideal candidates.
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Primary Mitochondrial Diseases (PMDs) are heterogeneous genetic conditions often associated
to highly variable and poorly predictable combinations of symptoms, related severity, onset age
and progression. The weak genotype-phenotype correlations and therapeutic options, together
with the risk of developing acute complications, imply a dramatic need for predictive and
prognostic tools, able to monitor the disease evolution and therapeutic efficacy in clinical trials
(Alston et al., 2017; Pickett et al., 2018). Growing evidences suggest that neurodegenerative
markers and inflammatory signalling could represent promising indicators of disease state and
progression (Malik and Czajka, 2013; Murphy and O'Neill, 2024; Zheng et al., 2021).

Aiming to select clinically relevant biomarkers, we initiated a systematic investigation of broadly
ranged neuro-inflammatory plasma molecules in different PMDs, including a large cohort of
patients with Mitochondrial myopathy, encephalopathy, lactic acidosis with stroke-like episodes
(MELAS). Each plasma collection was featured by clinical assessment by medical experts and
administration of Newcastle Mitochondrial Diasease Scale for Adults (NMDAS). Using the ultra-
sensitive and CNS-targeted proteomic platform (Nulisa-seq),

we detected a number of circulating proteins, typically associated with neuronal damage (i.e.
Light-Chain Neurofilaments, specific phospho-Tau proteins and others), significantly elevated in
plasma of MELAS patients and significantly correlating with disease severity and neurological
symptoms like hearing loss, seizures, ataxia, cognitive impairment and stroke-like episodes. In
parallel, the circulating cell-free mitochondrial DNA (ccf-mtDNA) was measured by digital-PCR, in
terms of absolute copy number and mutation load, revealing higher levels of both parameters
in specific subsets of PMDs patients.

As further validations and the cohort expansion are currently underway, these results hold
promising prognostic relevance for PMDs patients and advance the prospective of building large
predictive machine learning pipelines able to integrate all the biological and multi-OMICs data
with all the clinical and disease natural history features.
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Introduction

Riboflavin Transporter Deficiency (RTD) is a rare, neurological disorder characterized by hearing
loss and sensory ataxia associated with spinal motor neuron (MN) degeneration. The disease is
caused by loss of function mutations in SLC52A2 or SLC52A3 genes, respectively encoding
riboflavin transporters hRFT2 and hRFT3 (Colasuonno et al, 2022). As Riboflavin is the precursor
of the coenzymes FMN and FAD, their abnormally low levels result in defective functionality of
flavoproteins, which are involved in cellular bioenergetics and cell survival processes, namely
autophagy (Marioli et al, 2024). Given the inadequacy of in vivo models recapitulating RTD
phenotype and considering the difficulty to access the tissue of interest, we proposed induced
pluripotent stem cells (iPSCs) as a human in vitro model useful to discover pathogenetic
mechanisms of RTD cells.

Materials and methods

We used patient-specific iPSCs and derived MNs to perform electron microscopic analyses, IF
and WB assays with autophagy-related markers.

Results and discussion

Confocal analyses and WB experiments demonstrate a reduced activation of PINK1/PARKIN-
mediated mitophagy in RTD iPSCs and derived MNs, accompanied by changes in mitochondrial
morphology in response to mitophagy initiation. Indeed, Focused lon Beam/Scanning Electron
Microscopy (FIB/SEM) reveal an increased number of rounded mitochondria in RTD cells.
Consistent with these results, we explored the distribution and levels of MFN2 and pDRP1
demonstrating higher rates of mitochondrial fission in RTD cells, suggesting an imbalance in
mitochondrial dynamics. Additionally, we demonstrated an abnormal activation of the
autophagic process by WB for LC3 and P62. Since the clinical response to Riboflavin therapy in
RTD patients is highly variable, we proposed to use the neurotrophic factor NGF (nerve growth
factor) as a potential effective therapy for RTD cells.
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Conclusions
Overall, our work contributes to expanding the knowledge on multiple cellular features

associated to RTD phenotype, supporting a central role played by mitophagy in its pathogenesis.
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Introduction

Mutations in the PNPT1 gene, encoding the human polyribonucleotide phosphorylase
(hPNPase), cause severe mitochondrial disorders for which no effective therapy exists. hPNPase
plays a dual role in mitochondrial RNA import and degradation. Its dysfunction leads to impaired
mitochondrial translation, OXPHOS deficiency, and neurodegenerative syndromes. This project
aims to develop a medium-throughput screening (MTS) platform to identify therapeutic
compounds capable of restoring the function of mutated hPNPase.

Material and methods

We generated E. coli biosensor strains expressing either wild-type or pathogenic hPNPase
variants, combined with a GFP reporter under control of the SOS-inducible sulA promoter. In this
system, wild-type (wt) hPNPase expression triggered a strong SOS response and high GFP
fluorescence, while strains with pathogenic variants showed reduced fluorescence (Pizzoccheri
et al. 2025). The assay was optimized for robustness (Z-factor) and specificity, and adapted to a
96-well format.

Results and discussion

We applied a drug repurposing approach to the research of compounds restoring hPNPase
activity. About 4,200 approved or preclinical drugs were screened and the hits were identified
based on restored fluorescence in mutant strains. Ongoing validation includes dose-response
analysis (ACso/ACy), cytotoxicity assessment, and mechanism of action studies. This cost-
effective, scalable platform offers a promising approach to accelerate drug repurposing for rare
mitochondrial diseases linked to PNPT1 mutations.

Conclusions

We established a robust, low-cost MTS platform for identifying therapeutic compounds targeting
hPNPase dysfunction in PNPT1-related disorders. This bacterial biosensor enables rapid
screening and prioritization of drug candidates for further validation in human models, offering
a new path for drug repurposing in rare mitochondrial diseases.
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Introduction

Polynucleotide phosphorylase (hPNPase) is a mitochondrial enzyme involved in RNA processing
and degradation. Mutations in PNPT1, encoding hPNPase, are linked to severe mitochondrial
disorders. This study aims to characterize the impact of pathogenic PNPTT mutations on protein
stability and function using complementary Escherichia coli and human 293T cell models
(Pizzoccheri et al. 2025).

Material and methods

We engineered E. coli strains and HEK293T cells expressing wild-type or mutant hPNPase
variants. In E. coli, we tested hPNPase variants previously linked to mitochondrial disease,
including E475G, P140L, Q387R, and M745T. In HEK293T cells, we generated genome-edited lines
homozygous and heterozygous for E475G, and homozygous or compound heterozygous for the
P140L/S mutation. Protein expression, stability and functional impact were assessed through
biochemical and cellular assays.

Results and discussion

Expression of wild-type hPNPase in E. coli caused increased levels of ROS and R-loops, as well as
induction of the SOS response. The pathological variants P140L, Q387R, E475G, and M745T
abolished all these phenotypes. This loss of function may be due to reduced protein levels in the
P140L and M745T variants, which were less stable than the wild-type protein. In contrast, Q387R
and E475G showed expression levels comparable to wild-type, but likely impair function by
disrupting the trimeric structure of hPNPase. In accordance with what observed in the E coli
model, HEK293T lines carrying E475G and P140L mutations exhibited altered protein levels and
subtle mitochondrial dysfunctions. Additional variants with both pathogenic and benign
mutations, and targeting either the RNA-binding or the catalytic activity, were introduced in E.
coli and are currently under characterization.

Conclusions

Our integrative approach shows that pathogenic PNPTT mutations variably affect hPNPase
stability and function, depending on the specific variant. These complementary models, offer
powerful tools to investigate variant-specific effects, facilitate drug screening, and assess the
predictive accuracy of the bacterial system as additional mutations are characterized.
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Introduction

Telomerase Reverse Transcriptase (TERT), the catalytic subunit of telomerase, is recognised to
have extra-telomeric roles (Ségal-Bendirdjian & Geli, 2019), including the localization inside
mitochondria (Santos et al, 2004). Previously, we showed that TERT is associated with different
regions of the mitochondrial DNA (mtDNA), enhancing mitochondrial replication and
transcription. Additionally, we observed reduced mitochondrial mass and no significant variation
in MtDNA copy number upon TERT expression. Moreover, we observed a higher number of
smaller-sized mitochondria and a significantly higher number of mito/autophagosomes in TERT
over-expressing cells (Marinaccio et al, 2025). The aim of this work is to understand if TERT binds
the mtDNA directly or if the binding is mediated by some nucleoid complex proteins. Another
purpose is to validate if TERT influences the mitophagy mechanism.

Material and methods

U20S osteosarcoma cells, which naturally lack TERT, were transduced with TERT protein.
Proximity Ligation Assay (PLA) and Forster’s resonance energy transfer (FRET) by Fluorescence-
lifetime imaging microscopy (FLIM) were performed to evaluate possible TERT interactors. In
addition, we performed the LC3B FRET biosensor together with specific mitochondrial labelling
to assess mitophagy flux.

Results and discussion

In TERT overexpressing cells, we observed the binding of TERT to different mitochondrial
nucleoid complex proteins. Thanks to this, TERT is able to bind indirectly to mitochondrial DNA
and regulate replication and transcription. According to our previous data, we can hypothesize
that TERT influences the mitophagy mechanism and to validate this, we investigated the
mitophagy flux taking advantage of the LC3B biosensor.

Conclusions

The collected data so far suggest an indirect binding of TERT to mtDNA and a possible
involvement in mitophagy. Nevertheless, a deeper understanding of the mechanism of action of
these additional mitochondria player could help further delineating and characterizing the wide
panorama of mitochondrial functions.
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Introduction

Mitochondria are ubiquitous organelles present in almost all eukaryotic cells and are primarily
known for their role in energy production. All mitochondrial proteins encoded by the
mitochondrial DNA (mtDNA) are essential components of complexes |, 1ll, IV and V of the
oxidative phosphorylation (OxPhos) system. Primary mitochondrial disorders are a clinically
diverse group of disorders that can arise from dysfunction in the OxPhos system. Leber’s
Hereditary Optic Neuropathy (LHON) is one of the most clinically abundant mitochondrial optic
neuropathies. Three mtDNA mutations (m.3460G>A, m.11778G>A and m.14484T>C) affecting
subunits MT-ND1, MT-ND4 and MT-ND6 residing in the inner mitochondrial membrane of
complex | of the respiratory chain account for more than 95% of LHON cases. LHON primarily
affects the highly metabolic retinal ganglion cells (RGCs), resulting in RGC loss in the temporo-
central region of the optic disc and subsequent vision impairment. Approximately 50% of male
and 10% of female carriers respectively develop ocular neuropathy, highlighting LHON's limited
penetrance. Some individuals who carry pathogenic LHON mtDNA mutations do not develop
disease, suggesting that additional nuclear factors, mitochondrial genetic elements and
environmental factors likely contribute to disease progression, although the mechanism is not
fully understood.

Materials and methods

Induced pluripotent stem cells (iPSCs) differentiated into RGCs and LHON patient-derived
fibroblasts are used to study the nuclear genetic factors that influence LHON penetrance. iPSC
differentiation towards RGC lineage was induced through the dual inhibition of the SMAD and
canonical Wnt pathways. Phenotypic and functional characterisation was carried out using
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immunofluorescence staining for markers at different developmental stages of RGC
differentiation, along with neurite outgrowth assays and western blotting.

Results and discussion

Immunofluorescent staining demonstrated the transition from pluripotent markers OCT4 and
NANOG in iPSCs, to retinal progenitor cell markers SOX2 and PAX6 and finally the mature
neuronal marker MAP2, supporting developmental hallmarks observed in vivo. Control RGCs
also underwent marked structural maturation, reflecting progressive neuronal network
development and connectivity during this phase of culture.

Conclusion

Future studies will generate LHON patient-derived iPSCs and perform high-throughput genetic
screening in LHON patient fibroblasts to identify novel nuclear factors that may contribute to
LHON pathology.
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Introduction

Mitochondrial complex | (Cl) deficiencies are a group of genetically heterogeneous diseases that
typically manifest as neuro-metabolic disorders caused by mutations in both nuclear and
mitochondrial DNA. To model mitochondrial disease, we used CRISPR/Cas9-edited U20S cell
lines harbouring homozygous variants in the NDUFS6 gene (NDUFS6X?), which encodes a Cl
subunit. A genome-wide CRISPR/Cas9 activation (CRISPRa) screen was conducted to identify
molecular genetic factors and interacting pathways that contribute to mitochondrial pathology,
with galactose rich media used as a selective stressor for mitochondrial function. The CRISPRa
screen identified several candidate genes that may compensate for Cl deficiency.

Materials and methods

We performed bioinformatic analysis and molecular cloning to investigate top hits from the
CRISPRa screen. Stable cell lines overexpressing genes of interest (GOI) are currently being
generated for further functional characterisation using the U20S model of mitochondrial Cl
deficiency. Western blot analysis was used to assess the steady state protein levels of individual
oxidative phosphorylation (OxPhos) subunits and immunofluorescence analysis was used to
investigate the cellular localisation of the GOI.

Results and discussion

Initial analyses identified top hits from the CRISPRa screen to be involved in pathways such as
fatty acid metabolism and nucleotide-sugar transport, amongst others. We have established
stable cell lines overexpressing candidate GOI in wild-type and the NDUFS6%° model. Glucose
versus galactose selection conditions were used to validate the recovery of mitochondrial Cl
deficiency. Immunofluorescence analysis showed altered GOl expression pattern in the
NDUFS6XC cell lines compared to wild-type cells. Western blot analysis identified changes in the
steady state levels of OxPhos subunits in cells overexpressing specific GOI. Future experimental
studies will include RNA-sequencing to determine regulatory pathways associated with the
activated GOI, and immunoprecipitation assays to determine protein-protein interactions.
Conclusion
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This ongoing study demonstrates a robust approach to delineate molecular mechanisms of
mitochondrial disease by utilising high-throughput CRISPR/Cas9 screening to reveal important
molecular genetic factors in mitochondrial dysfunction.
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Background

AGC1 deficiency is a rare, severe encephalopathy characterized by cerebral atrophy,
psychomotor delay, hypotonia, seizures, hypomyelination, and reduced brain N-acetylaspartate
(NAA) levels. AGC1, the neuromuscular isoform of the mitochondrial aspartate/glutamate
carrier, is essential for the malate-aspartate shuttle (MAS) and neuronal glucose oxidation.
Methods

Patient-derived induced pluripotent stem cells (iPSCs) with AGC1 deficiency were differentiated
into neuronal progenitors (NPs). These NPs exhibited glutamine-dependent proliferation,
increased glycolytic activity, and reduced glucose oxidation. To rescue AGC1 function, a
CRISPR/Cas9-mediated knock-in approach was used to integrate an inducible wild-type AGCT
cDNA cassette into the AAVS1 safe-harbor locus, with AGC1 expression triggered during NP
differentiation.

Results

Modified patient NPs showed normalization of lactate production, recovery of mitochondrial
respiration in the presence of glucose, and restored proliferation relative to unmodified cells.
Conclusions

The inducible expression of wild-type AGC1 effectively rescues the bioenergetic phenotype of
patient-derived neuronal progenitors, providing proof-of-concept for gene therapy strategies in
AGC1 deficiency.
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Introduction

RnrS, the Drosophila melanogaster homolog of the human RRM2 and RRM2B genes, plays a key
role in the mitochondrial nucleotide pool salvage pathway. It provides dNTPs for both
mitochondrial and nuclear DNA synthesis in replicating cells (functionally similar to RRM2) and
for mtDNA in post-mitotic cells (similar to RRM2B). ' In humans, pathogenic variants in RRM2B
led to a wide spectrum of clinical features ranging from severe infantile encephalomyopathy
(biallelic variants) to late-onset progressive external ophthalmoplegia (monoallelic variant).?
Scope

We aimed to generate RnrS RNAI Drosophila models reflecting the human disease enabling pre-
clinical studies of therapeutic interventions.

Materials And Methods

We used three driver Gal4 constructs to silence RnrS at different stages of neuronal
development: inscGal4 (neuroblasts), elavGal4 (neural progenitors and post-mitotic neurons),
nSyBGal4 (post-mitotic neurons). Initially, it was observed that RnrS gene silencing in all
neuroblasts induced a lethal phenotype. The larvae had reduced locomotor activity and died at
the third instar. By silencing RnrS using the elavGal4 driver, we induced impaired development
and late lethality at the pupa stage. Larval brains are smaller and have high disorganization of
both neural cell bodies and axonal bundles patterns compared to controls. To ascertain elavGal4
expression pattern, we performed immunofluorescence analyses that revealed its activation in
some still cycling intermediate progenitors as well as in all differentiating neurons. Then, we
used the nSyBGal4 driver to silence RnrS exclusively in post-mitotic neurons as verified through
expression of a GFP reporter.

Results And Discussion

We were able to obtain adult individuals. Locomotor activity revealed reduced performance in
third instar larvae (Crawling Tests) and aged adults (Climbing Tests). To detect mtDNA depletion,
mtDNA copy number was performed: individuals with a single copy of both insc-Gal4 or elav-
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Gal4 and RNAI:RnrS constructs, and individuals presenting a double copy of both nSyB-Gal4 and
RNAI:RnrS constructs, show a strong reduction in mtDNA content.

Conclusions

Our Drosophila models recapitulate key features of human RRM2B-related disease spectrum and
provide a promising tool for experimenting with novel therapies.
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Objective: to perform a standardized histopathological characterization of muscle biopsy
findings from a cohort of 34 patients diagnosed with mitochondrial myopathy. Histopathological
data are subsequently correlated with clinical, biochemical, and genetic data to obtain useful
information in the clinical management of patients affected by mitochondrial myopathy.
Materials & Methods

CK and basal lactate dosage, electrophysiological study, brain MRI, muscle biopsy, respiratory
chain (RC) enzyme dosage and genetic investigation with mitochondrial DNA analysis and panel
for nuclear genes responsible for mitochondrial myopathy, on muscle samples.

Results

PEO was the prevalent symptom at onset in our cohort. Peripheral neuropathy was identified in
20% of cases, whereas CNS anomalies were identified in 25% of cases. Serum CK levels and basal
lactate values were in most cases normal. On muscle biopsy, the most frequent aspects were
the presence of ragged-red and COX- fibers, present in 80%. Analysis of individuals carrying
mitochondrial DNA (mtDNA) or nuclear DNA (nDNA) mutations compared to those without
identified mutations revealed distinctive patterns. Specifically, individuals harboring
pathogenetic mtDNA variants exhibited a high percentage of fibers with COX deficiency and
more frequent abnormalities in RC enzyme levels. In contrast, there were no significant
differences observed between individuals with nuclear mutations and those lacking molecular
definition, in terms of histological or biochemical findings.

Conclusion: this study confirms the significant phenotypic variability observed among patients
with mitochondrial myopathies, which frequently poses challenges in directing genetic
investigations. Nonetheless, the systematic analysis of muscle biopsies offers a valuable aid
when reaching a firm diagnosis.
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Introduction

Mitochondrial neurogastointestinal encephalomyopathy (MNGIE) is a rare autosomal recessive
disorder that disrupts mitochondrial DNA integrity. Although international consensus exists on
MNGIE diagnosis, natural history, prognostic factors, and treatments (Hirano et al, 2021),
outcome reporting remains heterogeneous, limiting data comparability. To address this, the
project Core Outcome Set in MNGIE (COS-MNGIE) was established to define a minimum set of
core outcomes for clinical practice and research.

Methods

The protocol was prospectively registered on Zenodo (Rinaldi et al, 2023). COS-MNGIE followed
a multi-phase, consensus-based methodology. A Scientific Advisory Group (SAG), including
international experts and a patient representative, drafted a preliminary list of outcomes.
Patient perspectives were integrated through focus groups and a dedicated survey on patient-
reported outcomes (PROs). A two-round Delphi process was employed to prioritize outcomes as
“critical”, “important but not critical” and “not important”. Outcomes with >80% “critical” ratings
after the second round were retained. The remaining outcomes were discussed in a final online
consensus meeting on July 11th, 2025.

Results and discussion
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During the Delphi rounds, 14 outcomes were included in the COS. Thirty-six participants
attended the final meeting, including clinicians (54%), researchers (29%), and people with MNGIE
(13%). Seven uncertain outcomes were voted on, and two were excluded with >90% agreement.
The final COS includes 18 outcomes across instrumental, clinical, and symptom-related domains,
each with suggested assessment timings. An additional outcome, Quality of Life (QoL) in MNGIE
patients, was included based on PROs.

Conclusions

COS-MNGIE is a standardized set of core outcomes relevant to people with MNGIE and clinicians.
If adopted in future research, it will improve comparability across studies and consistent
evaluation of treatments’ efficacy. Adoption of these outcomes will improve the quality of
research and patient care in this ultra-rare mitochondrial disease.
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Introduction

Mutations in the POLG gene, required for mitochondrial DNA replication/repair, are the leading
cause of primary mitochondrial disorders. Myopathy and peripheral neuropathy are hallmark
features, POLG-related phenotypes enclose central nervous system (CNS) dysfunction -seizures,
cerebellar ataxia, cognitive decline- alongside a yet unclarified nigrostriatal and cortical
neurodegeneration (Rahman and Copeland, 2019) hindering the development of effective
therapies. Evidence linking POLG variants to aberrant microglia activation with cortical GABAergic
loss (Kang et al, 2024), and mitochondria-driven neutrophil modulation (Zhou et al, 2018),
suggest that the yet understudied neuroimmune axis may play a key role in POLG-related CNS
phenotype. The zebrafish polg*?®’ mutant effectively recapitulates POLG-induced peripheral
disease (Facchinello et al, 2021) although devoid of CNS characterization. By generating a mutant
polg*®®*’* Tg(mpeg1.1-GFP/mpeg1.1:atp5f1b-DsRed) reporter line for in vivo microglial and
mitochondrial imaging, this work aims to elucidate POLG mutation impact on brain and
neuroimmune crosstalk.

Material and Methods

Sanger sequencing was used to genotype 90 days post fertilization adults derived from polg**®%>"*
incross, gift of Prof. N. Tiso.

To create the mutant double transgenic line, the Tol2 actb2:atp5f1b-DsRed vector, gift of Prof. A.
Pauli, will be redesigned to target DsRed to microglial mitochondria. Zebrafish mpeg1.1 (ID:
335407) microglia-specific promoter sequence was retrieved from National Center for Biology
Information database. The 1,85 kb sequence (LR 812070.1) proximal to the 5-untranslated
region of the mpeg1.1 gene, was compared to published reporter lines (Ellet et al, 2010; Don et
al, 2016) via Basic Local Alignment Search Tool, then amplified from wild type genomic DNA
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through fin biopsy and NaOH lysis (Samarut et al, 2016). SnapGene was used to identify
restriction sites in the actb2:atp5f1b-DsRed vector for constitutive promoter
excision/replacement and restriction digestion analysis.

Results and Discussion

Sequencing results confirmed published data on lower mutant survival, prompting an eaarly-
stage screening to improve the effectiveness of mutants identification in a time window where
polgeao74#5a9374 iability resembles polg”* one (Facchinello et al, 2021). We successfully amplified
the mpeg1.1 promoter adding Xhol/Apal (5'end) and Avrll (3'end) recognition sites and confirmed
vector integrity (conservation of mitochondrial tag and Tol2 recognition motifs required for
vector integration).

Conclusion

These preliminary data lay the groundwork for the creation of an in vivo platform to investigate
microglia pathogenetic role over POLG-driven neurodegeneration.
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Introduction

Primary Mitochondrial Myopathies (PMM) are a group of mitochondrial disorders characterized
by exclusive or predominant skeletal muscle involvement. PMM can be caused by genetic defects
in mitochondrial DNA (mtDNA) or nuclear DNA (nDNA). The genetic heterogeneity of PMM makes
molecular diagnosis difficult and the prognosis uncertain.

A promising approach to improve molecular diagnosis and knowledge of pathomechanisms in
PMM s transcriptome sequencing (RNA-seq). With RNA-seq, the limitations of the genetic
information restricted to the nuclear genome can be complemented by directly assessing
variations in RNA abundance and RNA sequence.

Materials and methods

We isolated DNA and RNA from muscle biopsies of 100 PMM patients who had previously
undergone genomic investigations without reaching a definitive genetic diagnosis. We
performed Whole Exome Sequencing (WES) and RNA sequencing (RNAseq) and analyzed the
resulting data with bioinformatics tools to identify: candidate DNA variants; aberrant splicing
events; allele-specific expression; alterations of normal expression level of genes (patient's
differentially expressed genes [DEGs]) involved in biological pathways potentially associated
with the disease.

Results and discussion
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The simultaneous availability of DNA and RNA data from the same patient and biological sample,
specifically from affected tissues (muscle), proved decisive in several cases. Nonsense variants
revealed transcriptomic evidence of nonsense-mediated RNA decay. Variants previously
classified as VUS (variants of uncertain significance) showed clear splicing alterations or were
associated with reduced expression of the corresponding transcript, highlighting their potential
pathogenicity. Finally, for certain variants in nuclear genes involved in mitochondrial DNA
(mtDNA) maintenance, the impact on mtDNA structure and expression was assessed.
Conclusions

Our study shows how coupling DNA and RNA analysis represents an efficient way to improve
diagnosis. Indeed, this approach has enabled us to investigate the molecular mechanisms
underlying the pathogenicity of genomic variants (particularly those affecting gene expression
or splicing), providing crucial insights for their validation and interpretation.
Acknowledgement

Project PNRR-MR1-2022-12376617

63



Poster 20
Pathological molecular mechanisms underlying COAS8 loss of function

Suleva Povea-Cabello, Department of Biomedical Sciences, University of Padova; Veneto

Institute of Molecular Medicine, Padova

Suleva Povea-Cabello™? Michele Brischigliaro'?, Kristyna Cunatova'2 Massimo Zeviani23, Carlo Viscomi'2,
Erika Fernandez-Vizarra'24,

'Department of Biomedical Sciences, University of Padova, Padova, Italy

2Veneto Institute of Molecular Medicine, Padova, Italy

3Department of Neurosciences, University of Padova, Padova, Italy

4Department of Biochemistry and Molecular and Cellular Biology, University of Zaragoza, Spain
Keywords: Mitochondrial respiratory chain, complex IV, cytochrome c oxidase, assembly factor,
COA8

Pathological variants in COA8 are associated with cavitating leukoencephalopathy and
mitochondrial complex IV (cIV) deficiency. All COA8 pathogenic variants described up to date are
loss-of-function mutations and, interestingly, neurological symptoms frequently appear and/or
worsen after febrile episodes. COA8 is a metazoan-specific protein, whose import into the
mitochondrial matrix is regulated by a particular mechanism, being readily degraded in the
cytoplasm by the ubiquitin-proteasome system but stabilized in the presence of reactive oxygen
species. This suggests that COA8 intramitochondrial levels are regulated by a novel redox-
sensing mechanism, the molecular details of which we are investigating. In addition, despite its
identification as a clV function-associated protein, the specific role of COA8 in the
assembly/stability of clV was largely unknown. We sought to investigate the molecular function
and stress-driven regulation of COA8 using several cellular models, including patient fibroblasts.
Detailed proteomic analysis of clV in these models, as well as of the specific interactors of COAS,
have revealed that the biochemical deficiency stems from an early defect in clV assembly. Our
data also show that COAS8 specifically binds to COX10, assisting the protein in its heme O
synthase function and, therefore, suggesting the existence of additional regulatory levels in the
formation of the metazoan clV catalytic center. In addition, our data indicate that the stabilization
of COAS8 in response to oxidative stress could be mediated by Cys residues located within and in
the proximity of its mitochondrial targeting sequence. The specific role of those Cys residues in
COAS8 import is currently under investigation. In normal conditions, clV activity increases in
oxidatively stressed cells and this effect is blunted when COA8 is absent. These results provide
a strong indication that COAS8 is a redox-sensing factor necessary to stimulate clV biogenesis at
early assembly stages, being involved in clV activation in response to stress.
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Introduction

Charcot-Marie-Tooth (CMT) disease is a heterogeneous group of hereditary neuropathies. The
rare CMT4B3 subtype is caused by mutations in MTMR5, a pseudophosphatase involved in
phosphoinositide metabolism and vesicular trafficking. MTMRS5 has been linked to mitochondrial
dysfunction and autophagy. In 2021, we reported mitochondrial abnormalities in a CMT4B3
muscle biopsy (Berti et al, 2021), and MTMRS5 was later identified as a neuronal suppressor of
autophagy (Chua et al, 2022). Here, we used patient-derived fibroblasts to study the effects of
MTMR5 mutations on mitochondrial function, autophagy and mitophagy. We also assessed
proliferation, senescence and proteostasis to clarify broader cellular consequences.

Material and methods

MTMRS5 expression and autophagy-related processes were analysed by western blot and
immunofluorescence. Mitochondrial morphology and respiration were assessed by
fluorescence microscopy and polarography. RNA sequencing identified impaired pathways.
Growth curves and colorimetric assays were used to evaluate proliferation and senescence.
Results and discussion

Fibroblasts expressed MTMR5, confirming model validity. MTMR5 mutations impaired
mitochondrial respiration and ATP synthesis, triggering mitophagy and defective proteostasis.
Despite these stresses, CMT4B3 fibroblasts did not upregulate autophagy but were driven
toward growth by aberrant mTORC2/AKT activation. This signaling imbalance failed to
counteract stress responses, leading to p53/p21 upregulation and the onset of cellular
senescence.

Conclusion

Our results link mitochondrial dysfunction to dysregulated autophagy/mitophagy in CMT4B3,
highlighting selective mitophagy activation and proteostasis defects as novel disease
mechanisms (Zanfardino et al, 2025).
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Background: Parkinsonism is one of the most frequent hypokinetic disorders in primary
mitochondrial disease (PMDs) patients and has been associated with both mtDNA and nDNA
gene variants. However, its clinical presentation, comorbidities, and genetic associations are
poorly characterized. We aimed to perform a deep phenotyping of parkinsonism in a multicenter
cohort of patients with genetically confirmed PMDs.

Methods: Data were extracted from the Italian Mitochondrial Disease Registry (Genomit).
Patients were included if they had the Human Phenotype Ontology (HPO) term for parkinsonism
or at least two of the following: bradykinesia, rigidity, and tremor. Imaging, genetic, clinical, and
comorbidity data were reviewed where available.

Results: Fifty-nine patients were reporting a genetic diagnosis (38 nDNA-related, 21 mtDNA-
related). These included also three variants of uncertain significance (VUS). The most frequently
affected genes were POLG (n=12), OPA1 (n=7), and TWNK (n=6). Median age at onset of
parkinsonism was 62.2 years, later than median onset of mitochondrial disease (40.0 years). In
up to 20% of cases, parkinsonism appeared within one year of PMD onset. In the majority of
patients the initial parkinsonian symptom was not specified; however, bradykinesia (n=6) was
the most common first manifestation, followed by cogwheel rigidity (hn=4) and hand tremor (n=3).
No significant differences in symptom distribution were observed by sex or genotype. The most
frequent clinical diagnoses were CPEO plus (n=18), CPEO (n=5), Leigh syndrome (n=5), other
unspecified mitochondrial disorder (n=5), encephalomyopathy (n=4), and encephalopathy (n=4),
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with others including ADOA, SANDO/MIRAS/SCAE, LHON, MELAS, MERRF, NARP, MiMy without
PEO, and other PMM being less represented. DAT-SCAN imaging was available for 21 patients,
showing bilateral dopaminergic transmission defects in more than 50%. Other findings included
abnormal substantia nigra morphology and irregular and asymmetric dopamine uptake. The
most common comorbidities were essential hypertension (11.5%), anxiety and depressive
disorders (7.4%), chronic atrial fibrillation (2.5%), and sleep apnea (2.5%).

Conclusions: Our preliminary findings show that parkinsonism in PMDs generally presents later
than the underlying mitochondrial disorder and seems to be not strongly influenced by
genotype, sex, or clinical subtype. These preliminary findings highlight the phenotypic spectrum
of parkinsonism in PMDs but underscore the need for larger and more detailed studies to
explore genotype-phenotype correlations and disease progression.
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Introduction

Mitochondria are responsible for the energy production through oxidative phosphorylation.
Thus, mitochondrial DNA (mtDNA) maintenance is vital for their function. This process relies on
key nuclear-encoded proteins, including TK2, involved in pyrimidine salvage; POLG1, for mtDNA
replication and repair; and TWNK, which unwinds mtDNA. Pathogenic variants in these genes
cause defects in mtDNA synthesis and repair, leading to severe hereditary disorders. This results
in a quantitative (reduction of mtDNA copy number (mtDNAcn)), and/or qualitative (multiple
deletions/duplications) alterations in mtDNA within affected tissues.

Material and methods

Muscle samples from 28 TK2, 23 POLG1, 13 TWNK, and 28 pseudo-control individuals from the
Neuromuscular Unit of Hospital ‘12 de Octubre’ were analyzed. MtDNAcn was quantified by
gPCR using the MT-CYB/B2M ratio. Additionally, mtDNA sequencing was performed in 25 TK2, 15
POLG1, and 5 pseudo-control muscle samples to analyze the distribution of multiple deletions
and duplications using the MitoSAlt pipeline.

Results and discussion

TK2 and POLG1 patients showed significant reductions in mtDNAcn (55% and 24%, respectively),
whereas TWNK patients showed no significant change. In TK2 patients, higher mtDNAcn was
significantly associated with a later age of onset. Furthermore, the p.Lys202del variant showed
a higher mtDNAcn than the p.Thr108Met variant. POLGT patients also displayed a difference
based on inheritance type, with dominant cases showing slightly higher mtDNAcn than recessive
ones. Regarding structural defects, TK2 patients exhibited a predominance of duplications (4,000
- 13,000 bp), while POLG1 patients were characterized by multiple deletions (8,000 - 16,000 bp).
These findings suggest a gene-specific impact on mtDNAcn and a distinct pattern of structural
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alterations, highlighting that mtDNAcn varies significantly even within the same disease group
based on the pathogenic variant, genotype, or inheritance pattern.

Conclusions

The comprehensive analysis of mtDNAcn and structural alterations within the mtDNA may
constitute a novel approach to elucidate the underlying pathophysiology of these disorders.
Furthermore, it offers the potential to precisely stratify patients based on specific clinical and
molecular conditions, thereby serving as a valuable tool for assessing disease severity.
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Introduction

Autophagy/mitophagy, mitochondrial dynamics and inflammation are gaining increasing
relevance in the pathophysiology of different disorders, including mitochondrial diseases. In this
context, we investigated Pontocerebellar Hypoplasia Type 6, caused by autosomal recessive
variants in the nuclear RARS2 gene, encoding the mitochondrial arginyl-tRNA synthetase (1). This
enzyme is essential for mitochondrial translation, as it catalyzes the esterification of arginine to
its tRNA. RARS2 variants are associated with early-onset mitochondrial disorder, characterized
by pontocerebellar atrophy with/without cerebral cortical involvement at brain MRI, hypotonia,
and elevated lactate levels in blood and cerebrospinal fluid (2). Currently, no effective therapies
are available, and the pathophysiological mechanisms remain poorly understood. We aimed to
investigate the disease mechanisms and identify novel therapeutic targets.

Material and methods

Fibroblasts cell lines from four unrelated families carrying RARS2 pathogenic variants (P1.1 and
P1.2: c.1366C>T, c.1586+3A A>T, P2: c.1026G>A, c.1305+1G>A; P3: c.1544A>G, c.1A>T; P4:
C.25A>G (p.19V), c.1586+3A>T) were analyzed.

Results and discussion

RARS2 protein level was decreased and causing a reduction in both cytosolic and mitochondrial
translation together with OXPHOS defects at steady-state levels. We analyzed mitochondrial
processes as dynamics and mitophagy, and we observed an upregulation of Mitofusin 2,
together with an increase of S-OPA1, even though the total ratio L-OPA1/S-OPA1 did not suggest
a significant alteration of inner mitochondrial membrane fusion. Mitochondrial fission appeared
unaffected. Cell lines showed a reduction in both PINK1 and Parkin, along with dysregulation of
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p62 and LC3-I, suggesting impaired mitophagy and autophagy, with a possible accumulation of
damaged mitochondria. We also investigated the interferon signatures, and we found an
upregulation of IFI44L, SIGLEC1, and IFIT1 gene expression, suggesting that mitochondrial
dysfunction may trigger inflammatory activation. Preliminary data from bulk RNA sequencing
analyses confirmed the activation of the inflammatory pathway in our cell lines. A therapeutic
approach involving L-arginine supplementation is currently ongoing, based on its roles to
promote OXPHOS and limit inflammatory response.

Conclusions

Our findings provide novel insights into the interplay between mitophagy/mito-dynamics and
inflammation in the pathophysiology of RARS2-related disease that can be potentially targeted
with experimental therapies.
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Introduction

Mitochondrial transcript processing defects represent an important cause of mitochondrial
disease. Transcription of mitochondrial DNA generates long polycistronic precursors whose
nucleolytic cleavage vyields the individual mtDNA-encoded transcripts. ELAC2 encodes the
mitochondrial RNase Z endonuclease, required for 3' pre-tRNA maturation, and pathogenic
variants cause abnormal accumulation of unprocessed mMtRNA precursors, impairing
mitochondrial gene expression and leading to respiratory chain deficiency. Clinically, variants in
ELAC2 have been predominantly linked to cardiomyopathy that, in its milder forms, is
accompanied by neurological presentations (Brzezniak et al, 2011; Haack et al, 2013; Saoura et
al, 2019; Cafournet et al, 2023).

Aberrant mitochondrial RNA metabolism has been proposed to trigger innate immune
activation. mtRNAs precursors accumulate following defects in the mitochondrial RNA
metabolism enzyme polynucleotide phosphorylase or after silencing of the oligoribonuclease
REXO2, inducing Type I-Interferon (IFN) response (Dhir et al, 2018; Szewczyk et al, 2020;
Idiiatullina et al, 2024).

Material and methods

We conducted functional studies on fibroblasts from three patients carrying ELAC2 variants to
evaluate mitochondrial metabolism. In addition, to explore links between mitochondrial tRNA
maturation defects and IFN response, we measured unprocessed mtRNA precursors level as
well as Interferon Stimulated Genes by qPCR.

Results and discussion

In fibroblasts from patients, ELAC2 protein resulted significantly decreased with respect to
controls’ cells. Despite the reduction in protein levels, the subunits of the mitochondrial
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complexes did not exhibit a decrease compared to controls. Conversely, gPCR analysis revealed
an accumulation of immature mitochondrial RNAs in two of the three patients examined. Based
on these findings, we hypothesized that the accumulation of unprocessed mitochondrial RNAs
might elicit an IFN-mediated response, and we observed an increased Type I-IFN score in the two
patients displaying the highest levels of immature transcript accumulation.

Conclusions

Our data indicate that defective mitochondrial tRNA processing due to ELAC2 mutations may
trigger type | IFN response. Our hypothesis, currently under experimental validation, is that
unprocessed transcripts are released into the cytoplasm and recognized by RNA sensors
inducing type | IFN response.
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Introduction

Stroke-like events (SLEs) in Mitochondrial Encephalopathy, Lactic Acidosis, and Stroke-like episodes
(MELAS) and mitochondrial epilepsy are thought to arise from neuronal hyperexcitability.
Interneurons in occipital cortex and hippocampus are particularly vulnerable due to impaired
oxidative phosphorylation (Olkhova et al., 2023). In Idiopathic Generalized Epilepsy (IGE) with
photosensitivity (PS), occipital hyperexcitability manifests as visually induced epileptiform
discharges (EDs) and myoclonus—phenomena not yet described in MELAS (Kasteleijn-Nolst
Trenité et al., 2012). We investigated whether high-density EEG (hdEEG, 256-channels) recordings
of Steady-State Visual Evoked Potentials (SSVEPs) could provide a biomarker of occipital
hyperexcitability in m.3243A>G carriers, including MELAS patients.

Material and methods

We enrolled 10 healthy controls (HC), 12 m.3243A>G carriers (3 MELAS), and 12 IGE with
photoparoxysmal response (PPR). Participants underwent rhythmic photic stimulation at 8 and
16 Hz (100 trials, 3 s each). EEGs were visually inspected for EDs. Power spectral analysis of
averaged evoked responses estimated cortical excitability. Intertrial phase coherence (ITPC)
assessed stimulus-response synchrony, and interelectrode phase coherence (IEPC) quantified
effective connectivity between occipital cortex and other regions.

Results and discussions

In IGE+PS, photic stimulation induced parieto-occipital spikes with biphasic slow waves, absent
in m.3243A>G carriers, though both disease groups showed enhanced SSVEP amplitude and
power. ITPC analysis revealed a paradoxical reduced synchrony of the evoked responses in the
occipital cortex in IGE+PS and MELAS patients. We hypothesize this reflects inefficient and
chaotic brain activity, quantified as enhanced entropy (i.e.; H(x) = —X%_1[p(x) log(p(x))]). IEPC
showed asymmetric occipital connectivity in MELAS, aligning with MRI abnormalities.
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Conclusions

Our preliminary data indicate that SSVEP analysis via hdEEG can capture excitation/inhibition
imbalance and seizure propensity in m.3243A>G carriers. Integrating advanced EEG metrics with
neuroimaging may improve individual risk stratification for SLEs in MELAS. Patient recruitment
is ongoing to expand and validate these findings.
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Introduction

Mitochondrial disorders (MD) are a genetically diverse group of diseases frequently caused by
defects in the mitochondrial respiratory chain (MRC). Mutations in over 350 nuclear genes have
been identified: some encode assembly factors specific for each complex, often with incomplete
definition of their mechanisms of action. Despite significant advances in defining the
pathogenesis of MD, effective therapies remain elusive. S. cerevisiae is a powerful model for MD
research due to its genetic tractability, well-characterized mitochondrial biogenesis and
metabolism, and the clear phenotypic consequences of mitochondrial dysfunction. The project’s
aim is to exploit yeast disease models with complex Il, Ill and IV assembly defects to identify
candidate therapeutic compounds and elucidate their mechanisms of action.

Material and methods

Beneficial compounds were identified through the "drug drop test", a phenotype-based high-
throughput screening method with strong translational potential associated to a drug
repurposing approach: To further investigate their mechanisms of action, we analyzed oxidative
growth curves and oxygen consumption rate. Yeast models included the null mutant in
SDH6/SDHFAT (complex Il) (Ghezzi et al.,2009), and missense mutations in BCST1L, MZM1/LYRM7
(complex Ill) (Olahova et al., 2019; Invernizzi et al., 2013) and in SHY1/SURF1 (complex 1V)
(Reinhold et al., 2011).

Results

Several candidate compounds were identified as active on yeast-disease models. Some showed
broad efficacy across all complex Ill mutants, supporting a "one-size-fits-all" approach, while
others exhibited specificity for a distinct gene or complex related defect, aligning with a
personalized medicine strategy. Notably, we also identified molecules with cross-complex
activity, capable of rescuing both complex Il and IV mutants, or complex Il together with a subset
of complex Il mutants.

Conclusions
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Yeast models represent a valuable platform for identifying compounds with therapeutic
potential against MD. The discovery of both broadly effective and complex-specific molecules
supports the development of either general or personalized therapeutic strategies.

These findings highlight the power of drug repurposing combined with yeast-based screening to
accelerate the path toward effective therapies for MD, bridging basic research and clinical
application.
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Introduction

Mitochondrial diseases (MDs) comprise a genetically and clinically heterogeneous group of
disorders characterized by mitochondrial dysfunctions. Among these, primary CoQ1o deficiency
is caused by defects in CoQ1obiosynthesis, including mutations in COQ7. The widespread use of
next-generation sequencing has led to the identification of numerous variants of uncertain
significance (VUS), necessitating functional validation. Moreover, effective treatments for MDs
remain elusive, highlighting the urgent need for novel therapeutic approaches. While CoQ1o
supplementation has been attempted, it remains largely ineffective in treating primary CoQ1o
deficiency.

Material and methods

Yeast S. cerevisiae, a widely used and well-established model for mitochondrial diseases
(Ceccatelli Berti et al, 2021), was exploited to functionally characterize COQ7 variants, exploiting
the ortholog CAT5 gene (Wongkittichote et al, 2023). Oxidative growth, respiratory activity, and
respiratory complexes (RC) subunit levels were assessed to evaluate variants' pathogenicity and
test treatment efficacy.

Results and discussion

All tested variants were functionally validated and classified as either severe or leaky mutations
based on oxidative growth impairment and residual respiratory activity. We demonstrated that
supplementation with 2,4-dihydroxybenzoic acid (DHB), with or without CoQio-biosynthesis
complex stabilization through COQ8 overexpression, rescues the mitochondrial defect of both
the leaky and severe mutants. In addition, the combined treatment significantly improved RC
subunit levels in mutants exhibiting RC deficiencies.

Conclusion
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Our findings expand the phenotypic spectrum of COQ7-related primary CoQio deficiency and
identify a novel, promising therapeutic strategy. Moreover, the efficacy of the DHB-based bypass
approach suggests its potential applicability to CoQqo deficiencies caused by mutations in other
biosynthetic genes, paving the way for broader therapeutic interventions and improved patient
care.

Overall, this yeast-driven approach not only sheds light on the molecular underpinnings of CoQ1o
biosynthesis defects but also lays the groundwork for precision medicine strategies that could
transform the clinical management of mitochondrial diseases.
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Introduction

Mutations in the POLG gene, encoding the catalytic subunit of DNA polymerase y, are the leading
cause of inherited mitochondrial disease related to a single nuclear gene (Rahman & Copeland,
2019). This study investigated the pathological consequences of POLG mutations (A467T, W748S,
G848S, Y955C) by generating and characterizing novel mouse models and performing
complementary in vitro analyses.

Materials and methods

Molecular analyses included mtDNA relative quantification, long-range PCR (LR-PCR),
biochemical analysis of OXPHOS activities, and western blots. Histological analyses were
performed by standard methods.

Results and discussion

We characterized homozygous knock-in mutants and compound heterozygous mice combining
different pathogenic variants. We observed a reduction in mtDNA content in skeletal muscle
(SKM) of Polgh*#9™4445T and Polg****™ 0 mice, in liver of Polg"7?%"’?65 mutants, and in all tissues of
Polgh*49768265 gnimals. This tissue-specific MtDNA depletion resulted in measurable OXPHOS
deficiencies in skeletal muscle of Po/gh*"° W7265/W7265 and Polgh#49T/e8263
mutants. No multiple deletions were detected by LR-PCR in any murine model. Deep

mice and in liver of Polg

phenotypization of Polg*"***¢ mice revealed a histological phenotype at 24 months affecting
brain, liver, and SKM. In vitro and structural analyses unraveled species-specific differences
between the human and murine polymerases, providing a mechanistic explanation for the
stronger stimulatory effect of the murine POLyB accessory subunit, which may account for the
milder phenotypes observed in mice.
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Conclusions
This work provides novel insights into the pathogenesis of POLG-related disorders, thereby

establishing murine models for preclinical studies and highlighting potential targets for
therapeutic intervention.
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Introduction

Variants in the HK1 gene, encoding the glycolytic enzyme hexokinase-1 located on the outer
mitochondrial membrane, have been associated with distinct disorders depending on the mode
of inheritance: autosomal recessive nonspherocytic hemolytic anemia (NSHA), homozygous
promoter variants causing hereditary motor and sensory neuropathy with recessive inheritance
(HMSNR), autosomal dominant retinitis pigmentosa 79 (RP79), and more recently autosomal
dominant, often de novo, neurodevelopmental disorder with variable brain abnormalities
(NEDVIBA). Growing evidence suggests that HK1 dysfunction may also contribute to secondary
mitochondrial encephalopathy. We report four unrelated Italian patients carrying distinct HK1
variants, thereby expanding the clinical and molecular spectrum.

Introduction/scope

Materials and methods

All patients underwent clinical, neuroimaging, metabolic, and genetic evaluations, including trio-
based exome sequencing and segregation analyses. Longitudinal neurological, metabolic, and
neuropsychological follow-up was performed in a multidisciplinary setting.

Results and discussion

Patient 1 carried a de novo variant (p.Leu868Pro), presenting with global developmental delay,
ophthalmoplegia, bilateral striatal necrosis, dysphagia, and histological signs of primary
myopathy. Supplementation with mitochondrial cofactors improved motor and bulbar
symptoms.

Patient 2 harbored a paternal HK1 variant of uncertain significance (p.Ala840Val) plus a de novo
ZNF277 variant. He manifested autism spectrum disorder, attention-deficit/hyperactivity
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disorder (ADHD)-like traits, language impairment, focal epilepsy, and stable magnetic resonance
imaging (MRI) abnormalities, consistent with a neurodevelopmental but not classical
mitochondrial phenotype.

Patient 3 carried the HK1 variant (p.Thr457Met), with neonatal-onset myoclonic encephalopathy,
hypotonia, severe epilepsy, swallowing impairment, and high risk of respiratory complications,
highlighting the early and life-threatening consequences of HK1-related dysfunction.

Patient 4 had a de novo HK1 variant (p.Ser445Leu), presenting with psychomotor delay,
movement disorder, hypotonia, and bilateral basal ganglia signal alterations resembling Leigh-
like syndrome and multicystic encephalopathy, accompanied by postprandial hyperlactatemia,
hypoargininemia, and hypocitrullinemia. Vitamin therapy with thiamine, riboflavin, and
coenzyme Q10 was initiated.

Conclusions

These cases demonstrate that HK1-related disease should no longer be regarded as a purely
neurodevelopmental disorder. Instead, it represents a continuum extending to secondary
mitochondrial encephalopathies, with phenotypes ranging from autism and epilepsy to Leigh-
like syndromes with metabolic derangements. Recognizing this broader spectrum is essential
for genetic counseling, anticipatory management, and therapeutic strategies including
mitochondrial cofactors and specific precision treatments based on the gene function.
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Background

MELAS (Mitochondrial Encephalopathy, Lactic Acidosis, and Stroke-like Episodes) is a complex
mitochondrial DNA-related disorder characterized by impaired oxidative phosphorylation. It
manifests with a highly heterogeneous and broad clinical spectrum, marked by significant
phenotypic variability often seen even within members of the same family. The worldwide
prevalence of MELAS due to the m.3243A>G mutation varies significantly. The disease's
fluctuating and multisystemic nature presents substantial challenges in diagnosis and
management, especially given its diverse neurological and neuropsychiatric manifestations.
Material and Methods

This study aimed to comprehensively characterize the clinical profile, the progression of
symptoms, focusing on their impact across multiple domains of Hungarian MELAS patients
harboring the rare m.3243A>G mutation. We examined intrafamilial phenotypic diversity and
explored correlations between heteroplasmy levels and the age of disease onset. A total of 27
affected individuals (9 males, 18 females) from 17 families underwent detailed phenotyping and
longitudinal clinical follow-up.

Results

The mean age at symptom onset was 33 years (+13.21), with manifestations ranging from early
childhood to late adulthood. Five patients exhibited childhood onset, underscoring early
vulnerability. Blood heteroplasmy (HP) levels were highly variable, averaging 32.46% (+14.69%),
and were significantly associated with age at onset. Ratio of HP decreased by age. Diagnostic
delay was notable, averaging 7.15 years (£6.61). Manifestations appeared even in patients with
relatively low blood heteroplasmy levels (down to 15%), indicating that modest mutation
burdens can trigger significant clinical disease. Among the well-known multisystemic clinical
signs, neuropsychiatric symptoms (cognitive deficit, mood disturbances, anxiety, depression,
psychosis, behavioral changes) were also observed.

Conclusion

This comprehensive evaluation of Hungarian MELAS patients enhances understanding of the
disorder’s broad phenotypic and neuropsychiatric spectrum. It underscores the importance of
recognizing neuropsychiatric symptoms as integral to MELAS, even at low mutation burdens.
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Long-term neuropsychological testing is currently ongoing to further characterize disease
progression and aid in optimizing care.

86



Poster 32

Messenger RNA therapy as a treatment for MPV17-related mtDNA depletion syndrome.
Elisa Pagliari, University of Milan, Dept. Pathophysiology and Transplantation, Milan.

E. Pagliari', S. Salani?, L. Bertolasi?, A. Previtali?, G. M. Arima’, F. Sironi', L. Ottoboni', C. Viscomi3, S. P.
Corti'?, D. Ronchi’, G. P. Comi'?

'University of Milan, Dept. Pathophysiology and Transplantation, Milan, Italy
2Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy
3Department of Biomedical Sciences, University of Padova, Padova, Italy

Keywords: MPV17, mtDNA, lipid nanoparticles, gene augmentation, hepatic syndrome
Introduction

Mutations in MPV17 gene cause the infantile hepatic mtDNA depletion syndrome (MIM 256810),
a condition characterized by rapidly progressive liver failure in infancy (Spinazzola et al., 2006,
Wong et al.,, 2007). Despite years of preclinical investigations, including DNA-based gene
replacement strategies, no effective therapy is currently available for patients with MPV17
mutations.

Material and methods

The aim of our study is to develop and the evaluate the efficacy of a novel therapeutic approach
for the hepatocerebral mtDNA depletion syndrome caused by genetic MPV17 deficiency. We will
exploit a gene augmentation strategy based on the delivery of wild-type MPV17 copies in the
form of modified messenger RNA encapsulated in engineered lipid nanoparticles. While this
approach has been recently applied to a few ultra-rare inherited disorders, it has never been
attempted in mitochondrial diseases.

Results and discussion

We first performed a comprehensive molecular and biochemical characterization of primary
cells derived from MPV17 patients. Subsequently, in vitro and in vivo studies were carried out
using Jet-MESSANGER® and in vivo-jet-RNA® transfection reagents to optimize the mRNA
delivery in primary fibroblasts, HelLa cells and wild-type mice.

We selected two custom tissue-specific LNP conjugated with ApoE (brain-targeted) or TriGalNac
(liver-targeted) (Genscript), containing the reporter gene eGFP. In vitro experiments with tissue-
specific eGFP-LNPs were then conducted in hepatic (Hep3b) and neural (SHSY5Y) cell lines to
assess construct specificity for each cell type. Jet-MESSANGER®, in vivo-jet-RNA®, and naked
eGFP mRNA served as controls. Cellular uptake and eGFP protein expression were monitored at
different time points post-transfection. In parallel, preliminary intravenous administration (tail
vein) of these constructs in adult WT mice (>4 weeks old) revealed eGFP fluorescence in multiple
tissues in ex vivo imaging (MiLabs), especially in the liver. These findings were validated by gRT-
PCR, western blot, and immunofluorescence analysis.
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Characterization of the murine MPV17 KO model together with in vivo evaluation of MPV17-LNP
biodistribution and expression in KO mice are currently ongoing.

Conclusions

Based on these preliminary findings, our approach represents a novel and promising
therapeutic avenue for addressing mtDNA depletion disorders, and potentially other
mitochondrial disorders caused by loss-of-function variants in nuclear genes.
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Introduction

Mitochondrial dysfunction is a key characteristic of various neurodegenerative and
mitochondrial diseases, leading to impaired energy production, increased oxidative stress, and
neuronal loss. Existing therapeutic strategies show limited effectiveness, underscoring the need
for novel, safe, and cost-effective treatments (Nunnari ] and Suomalainen A, 2012).

Natural phytochemicals have emerged as promising agents that can modulate mitochondrial
activity and protect against oxidative damage. Banana (Musa spp.) peel, often considered
agricultural waste, is rich in flavonoids, phenolic acids, and bioactive amines, which may enhance
mitochondrial function (Lin MT and Beal MF, 2006) (Meng, Liying and Wu, Guanzhao , 2023).
This study investigated the phytochemical composition of Musa spp. peel extract and its
neuroprotective and mitochondrial modulatory effects in rodent models of cognitive
impairment (Trifunovic A and Larsson N-G, 2008).

Materials and Methods

e Plant Material and Extraction: Banana peels were shade-dried, pulverized, and
extracted using methanol and water.

e Phytochemical Profiling: Extracts were analyzed by high-performance liquid
chromatography (HPLC) and gas chromatography-mass spectrometry (GC-MS) (Wani, K.
M. and Dhanya, M, 2025).

e Animal Model: Scopolamine-induced cognitive impairment in rodents was used to
simulate memory deficits (Foo JB, Yazan LS and Tor YS, 2021).

o Behavioral Assessment: Morris water maze, Y-maze, and novel object recognition tests
were employed to evaluate learning and memory (Chaturvedi RK and Beal MF, 2013).

e Mitochondrial Assays: Brain mitochondria were isolated and assessed for ATP content,
respiratory chain complex (I-1V) activities, reactive oxygen species (ROS), and lipid
peroxidation (Wallace DC,2005).

o Statistical Analysis: Data were expressed as mean + SEM and analyzed using one-way
ANOVA with significance at p<0.05.
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Results and Discussion

e Phytochemical Composition: HPLC and GC-MS analyses confirmed the presence of
quercetin, rutin, dopamine derivatives, and phenolic acids.

o Cognitive Performance: Rodents treated with the extract demonstrated significant
improvements in memory and learning compared to those given scopolamine.

e Mitochondrial Function: Treatment increased ATP synthesis, enhanced activities of
complex | and IV, and significantly decreased ROS and lipid peroxidation levels.

o Interpretation: These results indicate that the combined effects of banana peel
phytochemicals enhance mitochondrial bioenergetics and decrease oxidative stress.
These findings are consistent with current evidence that supports plant-derived
compounds as regulators of mitochondrial health.

Conclusions

Banana peel extract shows significant neuroprotective effects and modulates mitochondrial
function, enhancing cognitive performance and reducing oxidative stress markers in rodents. Its
accessibility and safety profile underscore its potential as a supportive therapy for mitochondrial
and neurodegenerative disorders.
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Introduction

Deoxyguanosine kinase (dGK) deficiency, caused by pathogenic variants in DGUOK gene, typically
manifests as a severe early onset hepatocerebral disorder. A minority of patients present with
an isolated myopathic phenotype typically with adult onset. While hepatocellular carcinoma
(HCCQ) is a known but rare complication in early onset forms, it is exceptionally uncommon in the
myopathic adult-onset variant. This report highlights the importance of recognizing the potential
for oncogenic transformation in dGK deficiency and underlines the need for regular monitoring
to prevent serious complications.

Material and methods

We conducted a literature review (PubMed, Jan 2001-May 2025) to identify all previous cases of
HCC in dGK deficiency. Additionally, we retrospectively reviewed the clinical and laboratory data
of two patients with the myopathic adult-onset phenotype, previously described by Caporali et
al.

Results and discussion

We report two siblings, a female (Patient 1) and a male (Patient 2), with mitochondrial myopathy
characterized by progressive bilateral ptosis and proximal muscle weakness with onset in their
30s. Genetic testing in both patients revealed heterozygous pathogenic variants in the DGUOK
gene (c.3A>G [p.M11] and c.586C>T [p.P196S]) and multiple mtDNA deletions. Over the years,
both patients showed persistent mild elevation of liver enzymes. Subsequent investigations
revealed hepatic nodules in both subjects. Consequently, they underwent an initial liver biopsy,
which showed no signs of malignancy. However, after years of stability, Patient 1 developed a
new hepatic lesion at age 71, and Patient 2 presented with an increase in number and size of
previous lesions at age 67. A second biopsy confirmed the diagnosis of HCC in both cases.
Appropriate oncologic treatment was promptly initiated but, unfortunately, both patients died,
Patient 1 for cancer complications, the other for a sudden cardiac death.
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HCC has been rarely reported in dGK patients, with few cases described in early-onset
hepatocerebral phenotypes®®. To our knowledge, only one myopathic case with HCC at 78 years
of age has been reported®. In our patients elevated transaminases were the initial and only sign
of liver involvement, preceding radiological changes by several years. HCC developed after years
of disease progression and was undetected at the time of the initial biopsies.

Conclusions

In conclusion, our findings support the need for rigorous long-term hepatic monitoring via blood
tests and at least abdominal ultrasound in all patients with DGUOK variants, regardless of their
initial clinical presentation. These non-invasive measures may be crucial for detecting early
oncogenic transformation and therefore improving patient outcomes through earlier
intervention. It remains to be investigated how a mtDNA maintenance disorders leads to
oncogenic transformation in liver.
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Introduction With over 60 Mito treatments in development and 25 in phase II-1ll trials globally,
therapeutic progress in Mito creates an urgent need for expanded clinical trial capacity. Australia
presents unique advantages combining regulatory efficiency, specialized medical networks, and
engaged patient communities. This analysis evaluates Australia's clinical trial ecosystem for Mito
research, examining infrastructure, collaborative frameworks, and strategic positioning amid
rapid therapeutic advancement.

Material and Methods

Comprehensive analysis integrating Australian clinical trial regulations, therapeutic landscape
assessment, and stakeholder consultation across clinician researchers, industry, patient
organisations, and government.

Evaluation included Therapeutic Goods Administration pathways, good clinical practice
standards, professional network capabilities, and Mito Foundation's 2024-2025 action plan
findings from literature reviews, horizon scanning, and multi-stakeholder engagement.

Results and Discussion

Australia maintains internationally recognised GCP standards ensuring FDA and EMA data
acceptance through pragmatic TGA CTN and CTA regulatory schemes. Mito affects 1:4300
Australians with 1:200 carrying pathogenic variants, offering substantial recruitment enhanced
by accessible Medicare-funded genetic testing. Three interconnected organizations provide
comprehensive infrastructure: Australian Mitochondrial Disease Medical Network unifies
healthcare professionals including specialists, researchers, nurses, and allied health to advance
clinical management through education and research networking, coordinating expertise across
the major cities. Mito Foundation supports affected individuals, funds research into
prevention/diagnosis/treatment/cures, operates patient registry targeting 1000 participants by
2030, serves as Australian industry first port-of-call for participants.

The United Mitochondrial Disease Foundation (UMDF) with its mission to promote research and
education for the diagnosis, treatment and cure of mitochondrial disorders and to provide
support to affected individuals and families, can connect individuals with 50+ global trials.
Australia demonstrates proven clinical trial network success through models like mitoMEDICAL
network achieving 30% faster recruitment and 50% accelerated ethics approvals via streamlined
processes, collaborative coordination, and centralised budgets. Australia ranks tenth for Mito-
specific trials and three current local opportunities from 25 available therapies. Government
R&D tax incentives, seasonal advantages, 2022 mitochondrial donation legislation, and emerging
national one-stop-shop initiative demonstrate progressive support. Success requires funded

93



trial coordinators, dedicated clinician research time, formalised clinical trial networks,
comprehensive psychosocial support including genetic councillors, and strengthened
collaboration addressing rare disease challenges.

Conclusions

Australia's convergence of efficient regulation, specialised professional networks, engaged
patient organizations, proven clinical trial network models, and progressive frameworks creates
exceptional Mito clinical trial opportunities. Planned implementation through established
infrastructure positions Australia competitively for emerging therapeutics in Mito.
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Introduction

Mitochondrial diseases are rare, multisystem disorders with highly heterogeneous
presentations that complicate rapid evaluation in the Emergency Department (ED). Patients
often present with nonspecific or misleading symptoms that mimic more common acute
conditions, making early recognition challenging. A clearer understanding of their epidemiology
and acute manifestations is essential to improve emergency management. This study aimed to
characterize ED presentations, describing epidemiology, multisystem involvement, comorbidity
burden and patterns of ED utilization to identify high-risk phenotypes in emergency care
pathways.

Material and methods

We retrospectively analyzed 104 ED visits (2014-2024) by 56 patients with confirmed or
suspected mitochondrial disease. Demographic data, presenting symptoms, clinical pathways,
outcomes, comorbidities and mitochondrial diagnostic subtypes were reviewed to identify
factors associated with acute clinical complexity.

Results and Discussion

Mean age was 50.4 years; 58.9% were female. Reattendance was common, with 39% having 32
visits. Presenting symptoms were heterogeneous: fever (26%), dyspnea (22.1%), seizures
(19.2%), vomiting (17.3%) and asthenia or abdominal pain (13.5%), followed by visual
disturbances, headache, syncope and altered mental status. Overall, 71% of visits required
admission, mainly to Neurology (30%), Pediatric NEMO Center (15%), and Emergency Medicine
or Geriatrics (all 6.8%). The most represented disorders were mitochondrial myopathy (9
patients), Mitochondrial Encephalopathy, Lactic Acidosis and Stroke-like Episodes (MELAS) (8),
mitochondrial encephalopathies (3), Leigh Syndrome (LS) (3) and Myoclonic Epilepsy with
Ragged-Red Fibers (MERRF) (2). MELAS accounted for 14.3% of visits and frequently presented
with stroke-like episodes, seizures, severe headache and acute neurological decline. Despite
only two individuals, MERRF accounted for seven visits (8.3%), mainly due to seizures, confusion
and severe dysphagia. Encephalopathies and mitochondrial myopathies represented 7.1% and
10.7% of visits, respectively.

Comorbidities were frequent and multisystemic: neurological involvement affected 64.3%,
cardiac 48.2% and respiratory disorders 26.8% of patients. Additional conditions—hypertension,
diabetes,
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neoplasms, dyslipidemia —further contributed to fragility. Percutaneous endoscopic
gastrostomy (PEG) or tracheostomy were present in 30% of patients, and 17 were bedridden.
These findings align with evidence that mitochondrial patients are vulnerable to acute metabolic
and neurologic deterioration during intercurrent illness, underscoring the need for timely
recognition and multidisciplinary care. (1) Consistent with prior findings showing neurological
and gastroenterological symptoms drive hospital utilisation, our data confirm that acute
presentations are heterogeneous and multisystemic, requiring coordinated emergency
pathways. (2)

Conclusions

Patients with mitochondrial diseases represent a clinically fragile population with diverse and
often severe acute presentations, frequent ED reattendance and high admission rates. Their
multisystem comorbidity and recurrent instability highlight the need for dedicated protocols,
multidisciplinary pathways and early recognition strategies to improve acute management and
reduce ED revisits.
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Introduction

Mitochondrial diseases include a large group of genetic disorders resulting from mutations in
nuclear or mitochondrial genes that cause a defect in oxidative phosphorylation and ATP
production’. The wide phenotypic and genetic variability observed, the presence of
heteroplasmy in the cells, the tissue specificity and the lack of appropriate cell and animal
disease models, make the diagnosis and understanding of the pathophysiology of the
mitochondrial disorders difficult>*. Advances in high-throughput sequencing technologies, such
as Next Generation Sequencing (NGS) have improved diagnosis. However, the high number of
variants of uncertain significance identified must be investigated to verify their real involvement
in the onset of mitochondrial disorders®. Recently, computational molecular 3D structure
analysis has emerged as an indispensable in silico tool to evaluate the influence of altered
protein activity and its probable association with the pathological phenotype®. As from
sequencing data obtained from 100 Southern Italy individuals affected by mitochondrial
diseases, we explored the function of a new missense variant m.15122 A>G through the 3D
structure of the cyt b subunit of the mitochondrial complex Il

Material and methods

Genomic DNA was extracted from venous blood and quantified using the Qubit Fluorometer
(Thermo Fisher Scientific). Libraries was prepared with the Precision ID mtDNA Whole Genome
Panel, which amplifies the entire mtDNA genome through two primer pools, each containing 81
primer pairs. Libraries were loaded on lon 318 Chip Kit v2 (Thermo Fisher Scientific) and the
sequencing was carried out on the lon Torrent PGM sequencing machine (Thermo Fisher
Scientific). Detected variants underwent an annotation and filtering process, and a threshold of
>5% heteroplasmy was applied. The 3D structure of the human cytochrome b subunit of the
mitochondrial complex Il (MT-CYB) was analyzed using the Protein Data Base (PDB) file SXTE®.
The Chimera X1.1 software was used to introduce and to analyse the m.15122 A>G variant ’.
Results and discussion

3D analysis of the new mitochondrial m.15122 A>G variant revealed a loss of an intra-chain
hydrogen bond in the mutated protein. This result suggests that the affected alpha helical region
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might be more unstable due to the presumable conformational alterations compared to the wild
type.

Conclusion

The deep sequencing of the entire mitochondrial genome in our cohort expanded the spectrum
of mitochondrial genetic variants reported so far associated with mitochondrial disorders. The
exploration of the molecular 3D structure of mutated protein highlighted the important role that
computational structural analysis plays in unraveling the influences of variants on protein
function, the complexity of mitochondrial biology, and in shaping the development of
therapeutic strategies.
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Introduction/Scope

Spain’s first molecular diagnostic service for mitochondrial diseases was established in 1991 by
Professor Julio Montoya at the University of Zaragoza. This service became a national reference
for the detection of mitochondrial DNA (mtDNA) mutations, employing advanced molecular
techniques available at the time. The diagnostic landscape has evolved substantially with the
advent of next-generation sequencing (NGS), yet there remains a clinical need for rapid, targeted
analyses of mtDNA variants in cases with strong suspicion of mitochondrial disease.

Material and Methods

Since its inception, diagnostic investigations have involved the analysis of mtDNA from patients
with suspected mitochondrial disorders. The methodological approach included conventional
molecular biology techniques initially, now integrated with the more recent incorporation of
Next Generation Sequencing (NGS) technologies. Diagnostic criteria focused on patients
presenting with symptoms indicative of mitochondrial pathology and required expeditious
genetic confirmation grant the continuation of the service provided.

Results and Discussion

From 1991 onwards, a total of 3,714 samples have been analyzed, with pathogenic mtDNA
variants identified in 23% of cases. The impact of integrating NGS has enabled more
comprehensive screening, but the value of focused diagnostics in relevant clinical scenarios
remains high. Following the retirement of Professor Montoya, leadership transitioned to
Professors David Pacheu Grau and Erika Fernandez-Vizarra at the Faculty of Health and Sports
Sciences, University of Zaragoza (Huesca Campus). Their international expertise in mitochondrial
biogenesis strengthens ongoing research and service provision. The activity now integrates
functional studies of pathogenic variants, development of experimental cellular models, and
collaborations with clinical centers nationally and internationally.

Conclusions

The diagnostic service for mitochondrial diseases at the University of Zaragoza has provided
crucial molecular insights for patients and clinicians for over three decades, adapting to
technological advances and continuing to address specific clinical needs through targeted
diagnostics. The expansion into functional genetics and collaborative networks further
consolidates its role in translational mitochondrial medicine.
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Neuromuscular diseases (NMDs) and primary mitochondrial myopathies (PMMs) impose a high
and multifaceted symptom burden on patients, and clinical tools are needed to improve disease
awareness among both patients and clinicians.

The European Reference Network (ERN) EURO-NMD has undertaken several complementary
patient-oriented initiatives: a network-wide survey to identify the most bothersome symptoms
across NMDs, the development of PROMMY (a digital patient-reported outcome measures,
PROMs), the creation of an accessible nutrition flyer to improve awareness and guide
management of nutritional challenges common to NMDs, and a patient journey mapping for
PMM.

These projects aim to integrate these strands to inform patient-centered care, guide nutritional
interventions, and support clinical outcome development.

ERN EURO-NMD's integrated approach underscores the importance of centering care and
research on patient-identified burdens. We provided actionable tools to improve patient
monitoring, increase patients’ awareness and guide multidisciplinary nutritional interventions.
This integrated model has the potential to enhance quality of life, guide therapeutic
development, and standardize patient-reported data across the EURO-NMD network.
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Background

Mitochondrial dysfunction is a hallmark of numerous diseases, including cancer and inherited
mitochondrial disorders. Disruption of mitochondrial homeostasis can lead to impaired
oxidative phosphorylation, increased reactive oxygen species (ROS), and activation of cell death
pathways. Hydrogen peroxide (H,0,), a well-established oxidative stressor, is frequently used to
model mitochondrial damage and apoptosis. In contrast, the impact of metabolic stressors such
as octanoic acid—a medium-chain fatty acid metabolized primarily in mitochondria—is less
understood in the context of mitochondrial disease models. Given its role in B-oxidation and
potential to disrupt mitochondrial function, octanoic acid may serve as a novel agent to probe
mitochondrial vulnerability in cancer cells and beyond.

Methods:

This study evaluated the mitochondrial stress response in human bladder carcinoma 5637 cells
following treatment with H,0, (0.2-1.0 mM) and octanoic acid (1.0-10.0 mM). Cell viability and
mitochondrial metabolic activity were quantified using the MTT assay at 6, 24, and 48 hours post-
treatment. Nuclear morphological changes indicative of apoptosis were assessed via 4',6-
diamidino-2-phenylindole (DAPI) staining. The differential timing and potency of cytotoxic effects
were used to infer mitochondrial involvement and stress kinetics.

Results:

H,O, induced rapid, concentration-dependent inhibition of mitochondrial activity, consistent
with acute oxidative damage. Significant cell death was observed as early as 6 hours,
accompanied by hallmark apoptotic features such as chromatin condensation and nuclear
fragmentation. Octanoic acid, however, elicited a delayed but robust cytotoxic response,
reaching 75.5% inhibition at 10 mM after 48 hours. This temporal lag suggests a distinct
mechanism of mitochondrial interference, potentially linked to disrupted fatty acid oxidation,
Adenosine Triphosphate. (ATP) depletion, or altered mitochondrial membrane potential. DAPI
staining confirmed apoptotic progression, with morphological changes emerging later than in
H,O,-treated cells, aligning with the metabolic inhibition profile.

Conclusion:

Our findings highlight octanoic acid as a potent metabolic stressor capable of inducing
mitochondrial dysfunction and apoptosis in bladder cancer cells. Unlike H,O,, which triggers
immediate oxidative damage, octanoic acid appears to interfere with mitochondrial metabolism
over time, offering a complementary model for studying mitochondrial stress responses. These
insights may inform future research into mitochondrial disease mechanisms, therapeutic

102



targeting of metabolic vulnerabilities, and the development of alternative stress paradigms for
cancer and mitochondrial pathologies.
Keywords:

Mitochondrial dysfunction, Octanoic acid, Oxidative stress, Metabolic stress ,Apoptosis, Bladder
carcinoma
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Mitochondrial diseases represent a heterogeneous group of genetic disorders caused by defects
in oxidative phosphorylation (OXPHOS). Mutations affecting either nuclear or mitochondrial DNA
lead to impaired mitochondrial function and energy failure, resulting in a broad spectrum of
clinical manifestations, such as Leigh syndrome (Rahman, 2023). Despite significant advances in
understanding the molecular basis of these disorders, effective therapies remain elusive, and
current treatments are mainly supportive. Recent studies have highlighted the potential of
modulating mitochondrial quality control pathways as a therapeutic strategy.

Mitochondrial degradation relies on the coordinated activity of the ubiquitin-proteasome system
and the autophagy-lysosomal pathway, which together ensure the removal of damaged proteins
and organelles (Civiletto et al., 2018). Among the molecular regulators linking these systems, the
proteasome-associated deubiquitinating enzyme USP14 plays a central role. Our previous work
demonstrated that pharmacological inhibition of USP14 exerts a protective effect in models of
mitochondrial dysfunction, such as D. melanogaster PINK1 and Parkin knockouts, by restoring
mitochondrial morphology and function through enhanced mitophagy. More recently, we found
that USP14 inhibition with specific inhibitor 1U1-47 enhances mitochondrial biogenesis and
promotes Parkin-independent mitophagy in iNeurons (Bernardo et al., 2024). Importantly, the
mitophagic effect of USP14 inhibition restored mitochondrial respiration and membrane
potential of Parkin KO iNeurons. Thus, the remarkable suppression of Parkin phenotypes in the
fly model is impressively predictive of mammalian physiology.

Building on these findings, we now want to investigate whether targeting USP14 with an
optimized derivative of IU1 could ameliorate the pathological phenotype of a muscle-specific
Cox15 KO mouse model characterized by defective cytochrome c oxidase and severe myopathy.
Muscle-specific Cox15 conditional knockout mice were treated for five consecutive days with
IU1-366 to inhibit USP14, and, at the end of the treatment period, quadriceps and gastrocnemius
muscles were rapidly dissected for subsequent morphological and molecular analyses. Muscle
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analysis indicates that USP14 inhibition ameliorates skeletal muscle morphology in Cox75 KO
mice, accompanied by a stabilization of cytochrome c oxidase (complex V), suggesting a
beneficial effect on mitochondrial structure and function.
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Introduction

Primary CoQ10 deficiency (PCQD) is a multisystem primary mitochondrial disease treated with
oral CoQ10 replacement therapy with varying results likely related to lack of standardized
formulations, limited gastrointestinal (GI) absorption, as well as low tissue uptake and blood
brain barrier penetrance. BPM31510 is a novel formulation of intravenously administered drug-
lipid conjugated ubidecarenone that addresses the challenges of delivering CoQ10 into tissues
(including brain) and bypasses inconsistent Gl tract absorption.

Patients’ Cohort: Four patients with PCQD have been treated with BPM31510 under named-
patient and compassionate use requests a 9-year-old [c.812G>A; p.Arg271His; c.1821C>A;
p.Tyr607Ter] and a 16 year old [c.1042C>T; p.Arg348* homozygous] in Germany, a 10 year-old
in the US [1942.13 28kb deletion (c.1390 C>T; p.Arg464Trp], and a 17-year old (c.811C>T,
p.Arg271Cys; c.911C>T, p.Ala304Vval) in Italy. In the two German patients, treatment with 30
mg/kg of OTC CoQ10 supplements had minimal benefit with variable plasma levels. The US
patient received 50 mg/kg/day of OTC CoQ10 supplements with minimal, unsustained benefit.
The 17-year-old patient in Italy received 30 mg/kg/day of OTC CoQ10 supplements, and
520 mg/day of idebenone for recurrent stroke-like episodes, with no benefit.

Results: The German patients were treated =9 months with improvements on the Scale for the
Assessment and Rating of Ataxia (SARA), the Friedreich's Ataxia Rating Scale Activities of Daily
Living, 9-Hole Peg Test, and patient- and/or caregiver-reported global impression of change and
Goal Attainment scales (particularly writing speed). The US patient received a 6-month treatment
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course and showed markedly improved MM-COAST (Mitochondrial Myopathy Composite
Assessment Tool) composite score across muscle strength, fatigue, balance, dexterity and
exercise intolerance tests performed 18 weeks after the baseline assessments. These results
aligned with improved patient reported outcomes (PedsQL, Lansky Performance scale, PediCat
and the Modified Fatigue Impact Scale) and enhanced muscle CrCest MRl measurement of in
vivo muscle mitochondrial function. The patient in Italy was studied with multiple functional
scale assessments and showed improvement of 2 points in the SARA scale after 17 weeks of
treatment and didn't present any additional stroke-like episodes. Across all patients, parents,
schoolteachers, and/or parents of peers have reported substantial clinical improvement in all
4 patients. Routine clinical biochemical and hematologic measurements indicated no safety
concerns. None of the patients reported any adverse events from the BPM31510 infusions.
Conclusions: This preliminary evidence in 4 patients thus far suggests that BPM31510 can be
safely administered, is well tolerated, and may have a substantial effect on PCQD disease
progression.
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Introduction

MELAS syndrome (Mitochondrial Encephalomyopathy, Lactic Acidosis and Stroke-like episodes)
is a genetically heterogeneous disease, caused by the heteroplasmic variant m.3243A>G/MT-TL1
in mitochondrial DNA (mtDNA). Clinical manifestations of MELAS are variable, including
myopathy, encephalopathy with "stroke-like" episodes (SLEs), lactic acidosis, and progressive
clinical course. We previously reported that cell free-mtDNA (cf-mtDNA), a damage-associated
molecular pattern, is significantly elevated in plasma from MELAS patients. To confirm this
observation and to investigate the mechanisms involved in the mtDNA release from
mitochondria, we studied fibroblasts and cybrids carrying the m.3243A>G variant at different
heteroplasmic loads.

Material and methods: We quantified the release of cf-mtDNA and its heteroplasmy by digital
droplets PCR. We investigated the correlation between the mitochondrial dysfunction and the
cf-mtDNA amount assessing cell viability, mitochondrial respiration rate, membrane potential,
and mtDNA content. We performed RNA-seq and validating the potential pathway involved in
the cf-mtDNA release by immune blot, live-cell microscopy, cell death assays, and Alphalisa
assays on cell medium. We elucidated the mechanisms underlying mtDNA escape from
mitochondria by using specific inhibitory molecules targeting the mitochondrial calcium
uniporter (MCU) and VDAC oligomerization.

Results and discussion: We observed an increased extracellular release of cf-mtDNA in mutant
fibroblasts compared to wild-type cells, a finding also replicated in cybrids, confirming that
mutant mtDNA is causative. Furthermore, the release of cf-mtDNA was associated with
mitochondrial metabolic dysfunction, as evidenced by a decrease in mitochondrial respiration
rate, membrane potential, and overall cell viability. Transcriptomic analysis revealed alterations
in calcium homeostasis, validated by functional assays examining calcium import into
mitochondria. This dysregulation results in mitochondrial stress, which may trigger the opening
of the mitochondrial permeability transition pore or VDAC oligomerization, leading to mtDNA
release into cytosol and outside the cell. Downstream, we observed inflammasome activation
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(pyroptosis), resulting in increased inflammatory cytokines and key mediators of innate immune
responses. Moreover, we demonstrated an increase in oxidative stress, evidenced by elevated
mitochondrial and cytoplasmic ROS levels, accompanied by a down-regulation of ROS-
detoxifying enzymes (catalase and GPX1), further confirmed by increased levels of oxidized
mtDNA. Finally, through inhibition of the MCU and VDAC channels, we attenuated cf-mtDNA
release, thereby identifying key molecular mechanisms underlying mtDNA escape from
mitochondria.

Conclusions: In conclusion, we highlight a novel aspect of mitochondrial dysfunction by
characterizing the mechanisms underlying cf-mtDNA release from mitochondria and the
associated activated pathways, with important implications for the development of new
therapeutic strategies for MELAS.

Keywords: cell-free mitochondria DNA, inflammation, pyroptosis, calcium homeostasis,
fibroblasts, cybrids
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Introduction

Although MADD is generally considered an autosomal recessive disorder, recent evidence
indicates that up to 10% of reported cases may involve heterozygous ETFDH variants exhibiting
dominant or dominant-like effects (1). Here we describe a family (two infant siblings, their father
and paternal grandfather) all presenting multiple acyl-CoA dehydrogenase deficiency (MADD)
caused by a heterozygous ETFDH variant (c.1798A>C, p.Asn600His). This variant has not
previously been linked to MADD in the literature. The grandfather developed muscle weakness
at 35, while the father showed similar symptoms at 19 after tonsillectomy. Both had muscle
biopsies indicating neutral lipid accumulation and acylcarnitine analysis supportive of MADD.
Riboflavin therapy (150 mg/day) fully reversed their symptoms. The siblings, aged 8 and 7, have
the same mutation and an increase of acyl-carnitine in blood, but remain symptom-free as they
underwent from early infancy to the same treatment as their father.

Materials and Methods

Skin fibroblasts from the father and the 2 siblings were acquired and immortalized by hTert-
CdK4 transduction. Patients’ cells (M1 derived from the father, M2 and M3 from son and
daughter respectively) and a control human skin fibroblast line were treated either with normal
or reduced (5 nM) levels of riboflavin. Quantification of ETFDH transcript was performed, using
ddPCR and RT-PCR while ETFDH protein by Western Blot; interaction with mitochondrial complex
[l was assessed using proximity ligation assay (PLA); high-resolution respirometry using
Oroboros© was carried out to determine oxygen consumption.

Results and Discussion

Gene expression analysis indicates that ETFDH RNA levels are unchanged between M1, M2, M3
and control, while ETFDH protein levels are less than 50% in mutant cells after a week of
treatment with low riboflavin (5nM). PLA suggests a lower interaction with mitochondrial
complex Il in mutant cells in lower riboflavin concentration as compared to a control. Oxygen
consumption in fatty acid oxidation (FAO) pathway is partially reduced at normal riboflavin
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concentration and further diminished in reduced riboflavin concentration in mutant lines
compared to control. ETFDH protein resulted significantly reduced in patient-derived fibroblasts
compared with controls, whereas digital PCR showed no decrease in transcript abundance.
Structural protein modelling indicated that the Asn600His substitution likely reduces protein
stability. It is thus possible that p.Asn600His mutation in ETFDH destabilizes the protein,
reducing its capacity to interact with complex Ill and causing lower efficiency in utilizing Fatty
Acid for the activity of the electron transfer chain.

Conclusions

In summary, we report a clinical case of MADD affecting three generations through the paternal
lineage, linked to a novel ETFDH variant. Unlike the typical recessive inheritance of MADD,
transmission here it appears as dominant. Our molecular analysis shows that in low riboflavin
conditions, reduced protein levels and FAO pathway proficiency suggest that even a single
mutant allele can disrupt mitochondrial metabolism and cause disease.
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Introduction

The clinical impact of MT-RNR1 variants beyond aminoglycoside ototoxicity remains unclear. We
investigated the pathogenic relevance of a newly identified m.1014A>G variant through clinical
evaluation and extensive functional assays in two homoplasmic individuals (mother and
daughter). We aim to delineate its impact on mitoribosome function and mitochondrial
physiology.

Methods

Primary fibroblasts were obtained from skin punch biopsy from both patients. To analyze
mitochondrial respiration, oxygen consumption was quantified by high-resolution respirometry
using Oroboros. 12S and 16S mitochondrial rRNAs were measured by quantitative RT-PCR.
Mitochondrial protein expression was assessed by western blot. Network morphology was
examined by confocal fluorescence microscopy, and analyzed by “Mitochondrial Analyzer” Fiji's
plug-in. Gentamycin sensitivity was tested at multiple doses and exposure times.

Results and Discussion

Clinically, the proband (daughter) presents drug-resistant epilepsy, whereas her mother shows
neurological and hematological features of uncertain mitochondrial relevance. Given the
incomplete clinical specificity, we performed in-depth functional studies to define the molecular
consequences of this variant.

Despite heterogeneous and only partially specific clinical features, both patients showed a
consistent functional mitochondrial defect. Oroboros analysis demonstrated reduced
mitochondrial respiration, indicating impaired oxidative phosphorylation. rRNA quantification
revealed increased 12S/16S ratio, suggesting a compensatory response to mitoribosomal
imbalance. Western blot analysis showed reduced levels of selected mtDNA-encoded proteins,
with decreased amount of one representative subunit per respiratory complex, supporting
impaired mitochondrial translation. Morphological assessment revealed altered and
fragmented mitochondrial network.

Importantly, since the MT-RNR1 variants 1555A>G, 1494C>T, and 1095T>C are well known to
confer aminoglycoside sensitivity'?, we also investigated the potential effect of gentamycin on
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our 1014A>G variant. Notably, patient-derived fibroblasts carrying this mutation did not exhibit
cytotoxicity upon gentamicin exposure.

Conclusions

The m.1014A>G MT-RNRT variant is associated with a reproducible mitochondrial dysfunction
affecting bioenergetics, rRNA homeostasis, mitochondrial translation and disrupted network
dynamics. Although aminoglycoside hypersensitivity was not observed, the combined molecular
and clinical findings support a potentially pathogenic effect warranting further investigation,
including mito-proteomic studies to refine its mechanistic role.
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Mitochondrial DNA (mtDNA) encodes essential core subunits of the oxidative phosphorylation
(OXPHOS) system, which is vital for cellular energy production and supports the growth of
various tumors, including glioblastoma (GB)—the most common and aggressive adult brain
cancer. Maintaining proper mtDNA expression and integrity is therefore critical for cellular
energy homeostasis. The nuclear-encoded mitochondrial RNA polymerase (POLRMT) plays a
dual role in mtDNA transcription and replication, establishing it as a key factor for OXPHOS
biogenesis (Miranda et al. 2022).

POLRMT is overexpressed in various tumors, including lung, breast, prostate cancer and has been
proposed as a novel oncogene and emerging therapeutic target. The inhibitor of mitochondrial
transcription (IMT1) selectively blocks POLRMT activity and has demonstrated efficacy in
suppressing tumor growth in prostate and endometrial cancer models (Bonekamp et al. 2020).
However, resistance to IMT1 highlights the urgent need to deepen our understanding of
POLRMT regulation. Indeed, the pathways regulating POLRMT and its involvement in post-
transcriptional processes are largely unknown.

Through an integrated approach combining molecular and cell biology, bioenergetics, and
bioinformatics, we aim to identify novel signaling pathways enhanced after POLRMT inhibition
and thus involved in POLRMT regulation in cancer. First, we characterized the dose- and time-
dependent effects of the IMT1 in glioblastoma cells by RT-qPCR, mitochondrial DNA gPCR,
western blots, mitochondrial respiration and viability assays, using glioblastoma cell lines,
spheroids and primary patient cells. Then, we isolated ultra-pure mitochondria from
glioblastoma cells treated with either control, IMT1 or an inhibitor of complex | of OXPHOS (IACS-
010759, Molina et al. 2018) and analyzed mitochondrial proteomics to decipher new signaling
pathways triggered specifically by the inhibition of POLRMT or by the inhibition of OXPHOS.

114



Here, we present our current findings on POLRMT inhibition (1) reducing OXPHQOS levels in a
time- and dose-dependent manner, as well as mitochondrial respiration, and cellular growth,
and (2) impacting signaling pathways within the mitochondria.

These results are both of medical and basic importance, since they will lead to further
characterization of the use of IMT1 as a potential therapeutic strategy in glioblastoma but also
allow to get insight on POLRMT regulation and thus better understanding mitochondrial DNA
expression and regulation.
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Introduction

Mutations in the nuclear gene POLG, encoding the catalytic subunit of mitochondrial DNA (mtDNA)
polymerase y (1,2), are a major cause of mitochondrial disorders. We investigated two Albanian siblings
carrying the rare heterozygous combination of the (paternal) variant of uncertain significance G268A and
the (maternal) Q1236, considered as a neutral polymorphism. Both subjects presented white matter
alterations and severe motor impairment.

Materials and methods

Clinical evaluation included neuroimaging and neurodevelopmental assessment. Genetic analysis
comprised whole exome sequencing (WES), mtDNA quantification, and western blot on muscle biopsy and
fibroblasts. Immunohistochemistry was performed on muscle tissue for Cytochrome C-oxidase (COX,
Complex IV) activity. Functional assays in patient-derived fibroblasts included mtDNA copy number
measurement under basal conditions, during and after EtBr treatment and after pharmacological
stimulation with PZL-A. Additional assays were performed to assess mitochondrial DNA metabolism,
including rolling-circle DNA replication, exonuclease activity, and DNA synthesis. Additional genomic and
transcriptomic studies are ongoing.

Results and discussion

The 4 yo girl (MR3) presented hypotonia and cognitive delay with preserved communication, while the 7
yo boy (MR4) showed quadrupedal gait, autistic-like features, and growth retardation. Both patients
showed leukodystrophic changes on magnetic resonance imaging. WES analysis indicated POLG mutations
as potential candidates. The G268A mutation, located in the exonuclease domain, involves a substitution
from glycine to alanine. This change has been reported to cause mild defects in exonuclease activity, with
modest impairment of DNA synthesis and rolling-circle DNA replication (4). By contrast, Q1236H lies in the
polymerase domain at the C-terminal; both residues share similar physical-chemical properties (medium
size, polar), supporting its classification as a neutral polymorphism. Muscle biopsy revealed a ~20% mtDNA
reduction and decreased POLG protein (-50% in MR3, -65% in MR4 vs. WT). COX IV activity resulted
impaired by immunohistochemical analysis of muscle biopsies from both patients. Western blot
confirmed reduced POLG also in fibroblasts from both patients (around 60% of WT levels). Fibroblasts
displayed lower mtDNA copy number at baseline (30% in MR3 and 60% in MR4 vs WT) and impaired
recovery after EtBr exposure, with only partial rescue by PZL-A, an activator of polymerase y (3). While
Q1236H alone is putatively neutral, its coexistence with G268A may influence disease expression, though
additional modifiers cannot be excluded.
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Conclusions

Our data support the pathogenicity of G268A in POLG, leading to reduced protein levels and impaired
mtDNA maintenance. The role of Q1236H remains uncertain; however, in combination with G268A it may
contribute to the observed phenotype. Further genomic and transcriptomic studies will ascertain if
additional genetic variants underlie this mitochondrial encephalopathy with white matter involvement.
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Leigh syndrome (LS), or subacute necrotizing encephalomyelopathy, is a severe early-onset
neurodegenerative disorder marked by prominent central nervous system involvement. Among
the most frequent genetic causes of LS are loss-of-function mutations in the nuclear-encoded
SURF1 gene. SURF1 is thought to support the assembly or stabilization of complex IV
(cytochrome c oxidase), and patients with SURF1-related LS usually retain only 10-20% residual
COX activity in muscle or fibroblasts. Despite this clear biochemical defect, the mechanisms by
which SURF1 deficiency leads to neurological degeneration remain poorly understood. A major
barrier to progress is the lack of reliable disease models.

We report here the creation of two new SurfT mouse models using CRISPR-Cas9 technology.
One model carries a complete knockout of the Surf71 gene, while the other features a partial
deletion encompassing exons 6-9 (Surf1p). The homozygous Surfl 7~ resulted in embryo
lethality, confirming the essential role of Surf1 in development. In contrast, mice with partial
gene deletion remained viable throughout their lifespan. These mice exhibited a significant
reduction in Complex IV activity in key tissues, including brain, muscle, and heart. However,
interestingly, no overt neurological deficits or behavioural abnormalities were observed. We
subsequently crossed these two mouse models to generate compound heterozygous animals.
At six months of age, these compound heterozygotes exhibited a significant impairment in
motor coordination, as evidenced by reduced performance on the rotarod test. However, further
histological analysis will be essential to assess potential defects in the brain. Our model
constitutes a useful tool to investigate the function of Surf1, help understand the pathogenesis
of Surf1 deficiency in vivo, and evaluate the efficacy of treatment.

Allotopic expression involves recoding mitochondrial genes to follow the universal genetic code,
expressing them in the nuclear-cytosolic compartment, and adding mitochondrial targeting
sequences (MTS) to direct proteins to mitochondria. Although conceptually straightforward, this
method faces major challenges, particularly due to the hydrophobic nature of mtDNA-encoded
proteins and the lack of chaperones needed for proper import and folding. Solid evidence for
successful mitochondrial import and functional integration of allotopically expressed proteins
into OXPHOS complexes remains limited.

To explore the potential of allotopic expression, we recoded the mouse mt-Atp6 and expressed
it in mouse embryonic fibroblasts (MEFs). Recoded mt-Atp6 was tagged with an N-terminal
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sequence encoding the Atp5A MTS to facilitate its proper localization and a C-terminal HA-tag
for detection. Upon expression of the allotopic protein, we observed partial localization within
mitochondria. However, a substantial portion of the protein appeared mislocalized,
accumulating outside mitochondria, and suggesting that the efficiency of mitochondrial
targeting or the stability of the protein within the mitochondria may require further optimization.
Moreover, BN-PAGE analysis revealed that the allotopically expressed protein failed to integrate
into Complex V.

Based on our results, allotopic expression of mitochondrial genes remains controversial. Further
work is needed to refine the method, enhance protein targeting, and ensure proper
incorporation into OXPHOS complexes.
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Introduction

Leigh syndrome (LS) is one of the most frequent mitochondrial disorders (~1 in 40,000
newborns) caused by mutations in over 115 genes affecting respiratory chain complexes. Early
cognitive and motor decline often leads to death within months or years. LS marked biochemical
and genetic heterogeneity hampers therapy development, underscoring the need for gene-
independent strategies. We hypothesized that coordinated modulation of pathways controlling
mitochondrial homeostasis could benefit LS. miRNA targeting is a promising therapeutic
approach, with several candidates in preclinical and clinical testing’. miR-181a/b regulate key
mitochondrial genes, and their downregulation improves phenotypes in multiple mitochondrial
disease models? Based on this evidence, we investigated whether miR-181a/b downregulation
could be therapeutic for LS.

Material and methods

We used Ndufs4” mice as an LS model and crossed them with miR-187a/b-17" mice to assess the
impact of miR-181a/b-1 loss. To advance toward clinical application, Ndufs4” mice were also
injected with adeno-associated viral vectors (AAV9) already used in the clinic, designed to inhibit
miR-181a/b activity®. Survival and behavioral tests (open field, hanging steel, rotarod) evaluated
the effects of genetic and AAV-mediated inhibition on fitness and motor function. Molecular
analyses (gPCR, western blotting, immunofluorescence) assessed mitochondrial and
inflammatory changes, and RNA sequencing of injected brains provided mechanistic insights
into pathways modulated by miR-181a/b inhibition.

Results and discussion

Either miR-181a/b inactivation or AAV-mediated inhibition significantly ameliorated the LS
phenotype in Ndufs4” mice. Animals with miR-181a/b downregulation exhibited increased
survival, marked improvements in locomotor performance, and reductions in

120



neuroinflammation across multiple brain regions compared with controls. Molecular analyses
revealed elevated levels of mitochondrial proteins and mitochondrial DNA, indicative of
enhanced mitochondrial biogenesis. RNA-seq confirmed upregulation of mitochondrial
processes and downregulation of inflammatory signaling, supporting the conclusion that miR-
181a/b inhibition exerts neuroprotective effects by modulating these critical pathways.
Conclusions

Overall, our data show that targeting miR-181a/b provides therapeutic benefit in LS, supporting
its potential as a gene-independent strategy for LS by modulating mitochondrial pathways and
inflammation.
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Introduction: Fulfilling cellular energy demands requires efficient mitochondrial oxidative
phosphorylation (OXPHOS) and adenosine triphosphate (ATP) synthesis. Pathogenic variants
in mitochondrial DNA impact OXPHOS complex synthesis and function, leading to altered
nicotinamide adenine dinucleotide (NAD*/NADH) ratio and reduced energy production in
primary mitochondrial disease (PMD). KL1333 has been developed to restore energy
production by facilitating the conversion of NADH to NAD" and stimulating ATP synthesis
through redox cycling of the compound.’ The objectives of this study were to characterize
the population pharmacokinetics (PopPK) of KL1333 across healthy participants and
patients with PMD, to identify and evaluate the influence of intrinsic and extrinsic covariates
on KL1333 PK, and to develop and evaluate an exposure-response model.

Methods: The PopPK analysis and simulations were performed using nonlinear mixed-
effects modeling in NONMEM 7.5.1, with the first-order conditional estimation method and
the INTERACTION option. The PopPK model was developed from 1525 measurable
observations of KL1333 analytes in 42 healthy participants and 6 patients with PMD who
received active drug in the phase 1a/b study KL1333-2018-102.?

Results & Discussion: A two-compartment model with first-order absorption and
elimination adequately described the observed plasma concentrations of KL1333.
Enterohepatic recirculation (EHC) and periodic gallbladder release were incorporated to
describe the multiple peaks and long terminal half-life of KL1333. Covariate analysis
revealed no significant effect on KL1333 PK by body weight, age, sex, NQOT genotype, or
differences between healthy and patient cohorts, although there appeared to be a slight
positive trend between body weight and clearance and a negative trend between age and
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clearance. However, the model may have been limited by the relative homogeneity of the
analyzed population. The PK of KL1333 was simulated using the model to derive exposure
metrics across multiple days for exposure-response analysis. KL1333 exposures (area under
the concentration-time curve from 0 to 24 hours [AUCo24n] and maximum serum
concentration [Cmax]) showed clear relationships with lactate:pyruvate ratio and lactic acid
levels, best described by sigmoid maximum effect (Emax) models. Consistent, saturable
decreases of lactate:pyruvate ratio and lactic acid levels were seen with increasing AUCo.24n
and Cmax, suggesting that changes in these metabolic biomarkers serve as indicators of
pharmacologic activity of KL1333.

Conclusion: The semi-mechanistic PopPK model provided a good description of KL1333 PK
by including EHC and variable gallbladder release time to describe the multiple peaks and
long terminal half-life of KL1333. The analyses further demonstrated that KL1333 exposure
correlates with changes in metabolic biomarkers linked to NAD":NADH redox status and
mitochondrial function.
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Background: Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes
(MELAS) syndrome is a devastating mitochondrial disorder with limited therapeutic options. TTI-
0102 is a novel natural controlled-release cysteamine prodrug designed to provide sustained
cysteamine exposure with improved tolerability compared to conventional formulations.
Methods: This multi-center, randomized, single-blind, placebo-controlled trial enrolled 9
patients with MELAS, caused by mtDNA m.3243A>G mutation (with >50% heteroplasmy in
leucocytes of urinary epithelial cells) and moderate disease severity (NMDAS score 15-45).
Patients received placebo (n=3) or TTI-0102 at 2.75 g/day for one week then 5.5 g/day (n=6,
equivalent to 2.5 g/day cysteamine base). Pharmacokinetic parameters, safety, and
pharmacodynamic biomarkers including pyruvate, taurine, pantothenic acid, tryptophan,
GSH/GSSG, lactate, GDF-15, and FGF-21 were assessed. Clinical efficacy was evaluated using the
Modified Fatigue Impact Scale (MFIS) and 12-minute walk test.
Results: TTI-0102 demonstrated expected gastrointestinal side effects (nausea, vomiting,
diarrhea) consistent with the cysteamine class, with dropout occurring in patients <50 kg when
receiving fixed 5.5 g/day dosing. Weight-based dosing at 60 + 5 mg/kg TTI-0102 (~26 mg/kg
cysteamine base equivalent) achieved sustained 24-hour cysteamine exposure with half the
daily dose and lower peak concentrations compared to approved formulations (Cystagon® or
Procysbi®: 56 mg/kg, peak 2.5 mg/L vs. TTI-0102: 26 mg/kg, peak ~2 mg/L). TTI-0102 significantly
elevated pantothenic acid (plateauing at 2 weeks) and taurine levels, providing mitochondrial
cofactor support and antioxidant effects. Statistically significant pharmacodynamic effects
included increased plasma pyruvate (p<0.001) without lactate elevation, suggesting
enhanced glycolytic flux, and decreased tryptophan (p<0.001), potentially reducing
oxidative stress from neurotoxic kynurenine pathway metabolites. Interestingly, increase
in plasma pyruvate and decrease in tryptophan were negligible at doses up to 40 mg/kg/day,
optimal at 60 mg/kg/day and then slightly less at 65 mg/kg/day. GSH/GSSG measurements
were confounded by sample stability issues. GDF-15, FGF-21, and 12-minute walk distance
showed no treatment-related changes. Most notably, MFIS total scores demonstrated
significant improvement in TTI-0102-treated patients at 60 mg/kg/day average dose,
compared to placebo (p<0.001 by Mixed Model ANOVA). Polynomial regression revealed
therapeutic onset at ~4 weeks, maximal benefit at ~12 weeks, and subsequent plateau, providing
critical dose-timing insights for future trials.
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Conclusions: This Phase 2 trial provides proof-of-concept that TTI-0102 dosing in MELAS is safe
and well-tolerated in patients while treated with less than 65 mg/kg/day, with efficacy signals in
fatigue reduction, a cardinal symptom affecting 71-100% of mitochondrial disease patients
(Gorman et al., 2015). The drug's tri-faceted mechanism through sustained cysteamine, taurine,
and pantothenic acid delivery addresses oxidative stress, mitochondrial energy metabolism, and
cofactor deficiency. Significant MFIS improvement coupled with favorable pyruvate and
tryptophan modulation supports advancing TTI-0102 to larger, adequately powered Phase 2b/3
trials employing weight-based dosing (60 + 5 mg/kg), validated patient-reported outcomes, and
minimum 12-week treatment duration to capture peak therapeutic effects in this devastating
disorder with few treatment options.
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Introduction

Mitochondrial diseases are rare, chronic disorders with limited therapeutic options. Coenzyme
Q10 (CoQ10) supplementation is widely used, but differences in formulation can affect
absorption and clinical outcomes. This pilot study evaluated a food for special medical purposes
(FMSP) containing high-dose CoQ10, developed with a cocoa-butter-derived lipid nanoparticle
technology (Lacursome) to enhance solubility and absorption, in patients with mitochondrial
disease.

Patients and methods

Ten patients (mean age: 55.5+8.6 years) with genetically confirmed mitochondrial disease were
enrolled in an open-label, single-center trial. Assessments were performed at baseline (TO, after
> 30 days of conventional CoQ10 supplementation) and after 30 days of FMSP administration
(T1). FMSP was administered once daily (250 mg) or twice daily (500 mg), depending on prior
CoQ10 intake. Serum and plasma biomarkers were assessed, including CoQ10, FGF21, GDF15,
advanced oxidation protein products (AOPPs), ferric reducing antioxidant power (FRAP), and
total thiols, using spectrophotometric assays. Clinical outcomes included 5xsit-to-stand test
(5xSST) and fatigue severity scale (FSS).

Results and discussion

FRAP levels increased significantly at T1 compared with TO (p<0.01), while CoQ10, FGF21, GDF15,
AOPPs, and total thiols remained stable. No significant changes were observed in 5xSST and FSS,
although a trend toward reduced fatigue was noted (A: -2.53%). CoQ10 concentrations were
maintained above 400 ng/mL in all patients after FMSP administration, supporting adequate
bioavailability. These values are consistent with the upper range reported in the literature for
high-bioavailability dry-powder formulations (0.15-0.45 pg/mL; Judy, 2022), confirming effective
absorption. Although no significant clinical improvements were detected, the trend in fatigue
reduction and the increase in antioxidant capacity are encouraging.

Conclusions

The FMSP CoQ10 formulation was well tolerated and demonstrated non-inferiority to
conventional products. Compared with lower-dose conventional formulations, it enhanced
antioxidant capacity and provided more consistent serum CoQ10 levels across patients, likely
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due to Lacursome technology. By ensuring effective absorption with reduced interindividual
variability, this formulation may offer practical advantages over standard products, while its
simplified dosing regimen (1-2 capsules/day) could further support long-term adherence to

treatment.
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Introduction

Primary Coenzyme Q10 (CoQ1o) deficiency (PCQD) is a rare mitochondrial disorder caused by
mutations in genes involved in CoQ biosynthesis (e.g., COQ4, PDSS2). The resulting decrease in
mitochondrial CoQ levels impairs electron transport chain activity, leading to defective
mitochondrial respiration, increased oxidative stress, and dysfunction across high-energy-
demand tissues such as brain, heart, kidney, and skeletal muscle. PCQD is clinically
heterogenous, but two predominant phenotypes are commonly observed: progressive ataxia
(driven by cerebellar metabolic abnormalities) and renal dysfunction. Although oral CoQio
supplementation has been investigated clinically, its therapeutic impact is limited by poor
absorption and suboptimal tissue distribution, particularly to the CNS.

Methods

BPM31510 is a lipid nanoparticle formulation of oxidized CoQio designed to enhance
bioavailability and tissue delivery. In the current study, we assessed the ability of BPM31510 to
increase CoQ levels in Cog47'¥¢ mice, a novel genetic knock-in model for PCQD, as well as
PDSS2"P’*P mice, utilizing a mass spectrometry platform that leveraged both targeted LC-MS/MS
and spatially resolved MALDI-MSI.

Results

BPM31510 treatment significantly increased oxidized CoQ1o levels across multiple tissues, most
importantly the cerebellum and kidney. MALDI-MSI revealed regional and spatial increases of
CoQ1o within the brain, particularly within the cerebellum. Spatial quinomic analysis further
demonstrated increased level of CoQ1o in the molecular and granular layers as well as the fiber
tracts of the cerebellum in BPM31510-treated PCQD models. In the kidney, BPM31510 enhanced
oxidized CoQ1o levels in the outer cortex, medulla, and pelvis regions of BPM31510-treated PCQD
animal models, as assessed by spatial quinomics. Importantly, in the PDSS2"?"*P mouse model,
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BPM31510 treatment led to resolution of proteinuria by 3 months of age, within just two weeks
of therapy.

Conclusion

These preclinical studies highlight the translational potential of BPM31510 treatment,
demonstrating enhanced spatial delivery of CoQ10 and improvements in disease-relevant
measures characteristic of PCQD pathophysiology, supporting further investigation.

Conflict of interest is employed at BPGbio, Inc.
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Introduction

Timely and accurate genetic diagnosis is essential for individuals with mitochondrial disease, as
it enables access to specialized care, targeted treatments, and informed family planning. Despite
advances in genomics, barriers such as limited clinician awareness, insufficient patient
education, and unequal access to genetic testing persist. This project was co-developed by
international patient organizations through a one-year working group supported by UCB
BioPharma SRL. The initiative aims to empower the mitochondrial disease community to
overcome these barriers and make genetic testing a standard of care whenever mitochondrial
disease is suspected.

Materials and Methods

The multi-stakeholder working group identified three primary barriers to timely and accurate
genetic diagnosis for individuals with mitochondrial disease: (1) training, low clinician awareness
of mitochondrial diseases and limited knowledge about genetic testing pathways; (2) time, long
and complex diagnostic journey for patients; and (3) costs, financial limitations and costs that
restrict equal access to genetic testing and counseling services across countries. Over the course
of one year, the working group met regularly through a series of structured virtual meetings and
collaborative workshops. Each session focused on identifying key challenges, sharing real-world
experiences from patients and clinicians, and co-developing actionable proposals to address the
barriers to diagnosis. These discussions were consolidated into the Community Activation Roadmap,
which provides a practical framework for short-, medium-, and long-term implementations. Guided
by a shared global vision, the working group advocates that every person with suspected
mitochondrial disease should benefit from timely, standardized, and equitable genetic testing.
Results and discussion

The Community Activation Roadmap highlights feasible, community-driven strategies that can be
adopted by national patient groups and clinical networks. Its implementation is expected to
foster collaboration between stakeholders and promote earlier, more equitable access to
genetic testing worldwide. By addressing key barriers and promoting collaboration, this initiative
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aims to improve diagnostic rates, clinical outcomes, and quality of life for patients and families
with suspected mitochondrial disease. This collaborative model may serve as a reference for
other rare disease communities aiming to improve diagnostic pathways through patient-led
initiatives.
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Mitochondrial optic neuropathies are genetically heterogeneous disorders characterized by
mitochondrial dysfunction leading to selective retinal ganglion cell degeneration and visual loss.
Molecular diagnosis plays a pivotal role in confirming clinical suspicion, enabling accurate
genetic counseling, and identifying patients eligible for emerging targeted therapies.

Diagnostic strategies have evolved from targeted screening of primary mitochondrial DNA
(mtDNA) point mutations to comprehensive next-generation sequencing (NGS) approaches,
including whole mtDNA sequencing and whole-exome sequencing (WES). WES is currently the
most widely used method for the molecular diagnosis of rare genetic disorders and is
particularly well suited to optic neuropathies, given the continuously expanding list of associated
genes. Indeed, even the most common phenotypes, such as Leber Hereditary Optic Neuropathy
and Autosomal Dominant Optic Atrophy, have recently been described in pedigrees harboring
pathogenic variants in novel genes beyond the well-established mtDNA ND-subunits and the
nuclear gene OPAT, respectively.

Moreover, several newly identified genes associated with optic neuropathies are not directly
involved in classical mitochondrial pathways such as oxidative phosphorylation or network
dynamics, making their identification and functional validation more challenging. Examples
include the mitochondrial chaperone CRYAB, or the protein PPIB whose link to mitochondrial
function remains unclear.

Despite these advances, the genetic complexity of optic neuropathies still limits comprehensive
molecular diagnosis. However, emerging technological developments are expected to improve
diagnostic yield in the near future by integrating multi-omics approaches, artificial intelligence,
and newly developed in vitro and in vivo disease models for functional validation.
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