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Shalom!

On behalf of the Organizing and Scientific Committees of INFORM
2023, | am delighted to welcome you to the 10th Annual International
Network for Fatty Acid Oxidization Research and Management
Symposium.

We are excited to be together during this major anniversary in the
historic city of Jerusalem. Once again, we are welcoming global
experts, practitioners and researchers to the premier international
meeting on fatty acid oxidation disorders (FAOD).

We have an excellent slate of presenters thanks to the efforts of this
year's steering committee of international experts and we look forward
to presenting our broad-based program that bridges clinical and
research topics.

At the conclusion of our first decade, INFORM is proud to provide a
platform for collaborating centers to interact face-to-face, present
state of the art research and share best practices for treatment of fatty
acid oxidation disorders.

Thank you for participating in INFORM 2023!

Sincerely,

Jerry

Dr. Jerry Vockley, MD, PhD.,
INFORM's founding co-chair and scientific organizer
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Agenda

INFORM Annual Meeting - Celebrating 10 years!

Sunday. August 27, 2023

SESSION 1:

KEYNOTE / POSTER PRESENTATIONS

3:00-4.00 PM

4.00 Keynote

Registration Opens Keynote Sponsor:

Keynote: “Gene therapy meets fatty acid oxidation
disorders (finally!)" Jerry Vockley

5:00-5:30 Questions and Open Discussion

6:00-7:30 Casual Dinner and Reception

7:30-9:30 Poster Presentations

Monday Morning, August 28, 2023 Morning Sponsor:

SESSION 2: NEW THERAPIES FOR FAODS

7.00-8:00 AM  Registration

8:00-815 New therapies for MCADD / C7 (Dojolvi): Georgianne Arnold

815-8:30 Sodium Phenylbutyrate as Therapeutics: Jerry Bedoyan

8:30-9:00 Return to activity following rhabdomyolysis: toward developing a clinical
guideline: Pamela Tucker

9:00-9:15 Medium-chain acylcarnitines target muscular phenotypes in long-chain fatty
acid oxidation disorders: Keaton Solo

915-9:30 Elamipretide restores mitochondrial function in trifunctional protein
deficiency mice and human fibroblasts: Eduardo Vieira Neto

9:30-10:00 Break

SESSION 3: KETONE USE IN FAODS

10:00-10:30 Animal Models: Emmalie Jager

10:30-11.00 Human Studies: Melanie Gillingham

11:00-11:30 Sports Medicine and Ketones: Daniele Zaccaria

11:30-11.45 Fasting metabolism in children with fatty acid oxidation disorders:
Earlier lipolysis in VLCADD compared to MCADD patient: David Olsson

11.45-12:15 Panel Discussion

12:30-2:00

Lunch



Agenda

Monday Afternoon, August 28, 2023 Afternoon Sponsor:

o Nestle

FAODS IN ISRAEL AND ABROAD A Y

HealthScience

Unique MCAD exon 8 duplication with a founder effect among

Comprehensive multi-parametric cardiac MRI (CMR) in mice with a
mutation in the mitochondrial trifunctional protein -subunit - a model

Early diagnosis by newborn screening (NBS) or prior family history is
associated with improved visual outcomes of Long-chain
3-hydroxyacyl-CoA dehydrogenase deficiency (LCHADD)

SESSION 4:
2:00-2:30 FAOD in Israel's NBS Program: Shlomo Almashanu
2:30-3:00

Northern African Jews: Orna Staretch-Chacham
3:00-3115

of cardiac fibrosis: Eduardo Viera Neto
315-3:30

chorioretinopathy: Melanie Gillingham
3:30-3:45 Break

SESSION 5: BASIC SCIENCE

3:45-415

415-4:45

4.45-5.00

5.00-515

515-545
5.45-550

6:00-6:45

A high-throughput screening platform to probe protein/metabolite
interactions enabled rapid discovery of a functional allosteric binding
site on MCAD: Shomit Sengupta

Immunology and FAODs: Abbe De Vallejo

Lysine hyposuccinylation in human MCAD deficient fibroblast cells

alleviated with heptanoic and medium branched-chain fatty acids and
in Acadm-/- mice with triheptanoin: Anuradha Karunanidhi

Muscle contraction-related proteome and calcium homeostasis are
disrupted in CPT2-deficient mice: Andrea S. Pereyra

Panel Discussion
Adjournment

INFORM Business Meeting



Abstracts

Genetic landscape findings from a comprehensive database of long-chain fatty acid
oxidation disorder gene variants

Authors: Jerry Vockley, MD, PhD, FACMG,™ Vanessa Rangel Miller, MS, MBA,?2 Heather
Richbourg, PhD,? Omid K. Japalaghi, MS,2 Moeenaldeen AlSayed, M.D, FACMG, MBA,? Mark
J. Kiel, MD PhD,* Stephanie A. Mercurio, BS,* Peter Baker Il, MD, FACMG,5 Sean Daugherty,?
Aneal Khan, MSc, MD, FRCPC, FCCMG,¢ Lawrence Korngut MD MSc FRCPC,” Deborah
Marsden, MBBS, FACMG,? Dianalee McKnight, Ph.D., FACMG,? Nicole Miller, PhD,?

Affiliations: 1-Chief of the Division of Medical Genetics and Director of The Center for Rare
Disease Therapy, UPMC Children's Hospital of Pittsburgh, Pittsburgh, PA; 2-Ultragenyx
Pharmaceutical Inc., Novato, CA; 3-College of Medicine, Al-Faisal University, Riyadh,
Kingdom of Saudi Arabia; 4-Genomenon, Ann Arbor, Ml; 5-University of Colorado, Anschutz
Medical Campus, Aurora, CO; 6-M.A.G.I.C. (Metabolics and Genetics in Canada) Clinic Ltd,,
Calgary, Alberta, Canada; 7-Department of Clinical Neurosciences, University of Calgary,
Alberta, Canada; 8-Invitae Corporation, San Francisco, CA

*Corresponding Author: Jerry Vockley, MD, PhD, FACMG vockleyg@upmc.edu
412) 692-7746

Background: Long-chain fatty acid oxidation disorders (LC-FAOD) are rare, life-threatening
conditions typically detected through elevations in plasma acylcarnitine profiles, identified
through newborn screening (NBS), and by testing patients with ongoing LC-FAOD clinical
signs and symptoms.

Methods: We developed a comprehensive database of variants in the six genes associated
with LC-FAOD (ACADVL [VCLAD], CPT1A [CPT1], CPT2 [CPT2], HADHA [LCHAD or TFP],
HADHB [TFP], and SLC25A20 [CACT]) by integrating data from a systematic review of
published medical literature and an LC-FAOD gene panel testing program. Variants were
annotated with NBS results, detailed clinical and biochemical phenotypes, and ACMG
variant classifications.

Results: As of 31Dec2022, the database reported 5,324 variants from 3,146 individuals

with one or more LC-FAOD gene variants. These represent 947 unique variants: 640/68%
pathogenic (P) or likely pathogenic (LP), 294/31% variants of uncertain significance (VUS),
and 13/1% benign/likely benign or conflicting. The most common variants include single
nucleotide variants (718, 76%) and deletions (139, 15%). The most common protein effects

of these variants include missense (59%) and frameshift variants (14%). 1,830/3146 (58%)
patients had a positive LC-FAOD molecular diagnosis (at least two P/LP variants) distributed
as follows: ACADVL, 678/37%; HADHA, 552/30%; CPT2, 410/22%; SLC25A20, 70/4%; CPTIA,
61/3%; HADHB, 59/3%. NBS results were positive in 517 patients (525/1830 reporting).
Twenty additional patients are reported as LC-FAOD double heterozygotes (P/LP or VUS),
most commonly ACADVL, HADHA, and CPT2.

Discussion: This comprehensive database represents more than a 50% increase in the
number of variants submitted to ClinVar as of July 2020. Databases like this are critically
important in rare diseases and NBS, where clinical information on variants is scarce, and
VUS are frequent and insufficient to support a molecular confirmation of diagnosis.



Abstracts

Muscle contraction-related proteome and calcium homeostasis are disrupted in CPT2-
deficient mice.

Authors: Andrea S. Pereyra, MD, PhD,** Adam Amorese, MS,! Daniela Mesa-Sanchez, MS,?
Michael Tarpey, PhD,!* Kelsey Fisher-Wellman, PhD,* Julia Laskin, PhD,2 Espen Spangenburg,
PhD,! Jessica Ellis, PhD,**

Affiliations: 1-Department of Physiology and East Carolina Diabetes and Obesity Institute,
Brody School of Medicine, East Carolina University, Greenville, NC, USA. 2-Chemistry
Department, Purdue University, West Lafayette, IN

*Corresponding authors: Andrea S. Pereyra MD, PhD. pereyraal8@ecu.edu +1252737504,
Jessica Ellis PhD. ellisje18@ecu.edu +1 2527442862

Background: In skeletal muscle, fatty acid oxidation is a critical energy source regulated by
the carnitine shuttle, which requires Carnitine Palmitoyltransferase 2 (CPT2) for mitochondrial
long-chain fatty acid oxidation (LC-mFAQO). CPT2 deficiency is an inherited disease that can
affect muscle function. However, the basis of muscle damage in CPT2 deficiency is partially
understood.

Methods: To investigate CPT2-related myopathy, we generated mice lacking CPT2 in skeletal
muscle (Cpt2Sk-/-). We confirmed that LC-mFAO was abrogated in Cpt2Sk-/- muscles and
that long-chain acylcarnitines (LC-ACs) were increased while short and medium-chain ACs
were decreased. In addition, we assessed muscle force, mitochondrial respiration, proteome
profile, and calcium homeostasis.

Results: CPT2 deficiency affected oxidative muscles more than glycolytic ones. Compared
to controls, Cpt2Sk-/- Soleus muscle, but not EDL, had increased mitochondrial capacity to
utilize pyruvate and succinate, suggesting compensatory metabolic adaptations. Despite
this, ex-vivo muscle force was reduced by 70% in Cpt2Sk-/- Soleus. Increased mitochondrial
biogenesis, lipid accumulation, and the downregulation of 80% of dystrophin node-related
and contraction-related proteins compromised Cpt2Sk-/- Soleus muscle structure and
function. Furthermore, we demonstrated that exposing isolated sarcoplasmic reticulum (SR)
to LC-ACs inhibited calcium uptake, a phenomenon shown in cardiac but untested in skeletal
muscle. In agreement, Cpt2Sk-/- Soleus, which showed significant LC-ACs accumulation in
oxidative fibers, had delayed SERCA-mediated calcium uptake, suggesting that LC-ACs and
calcium dyshomeostasis are linked in skeletal muscle.

Discussion: Our data demonstrate that loss of CPT2 and abrogation of LC-mFAQO
compromise muscle structure and function, an effect mediated, in part, by excess
mitochondria, downregulation of the contractile proteome, and inhibition of calcium uptake
by long-chain acylcarnitines.

Travel Grant Award



Abstracts

Lysine hyposuccinylation in human MCAD deficient fibroblast cells alleviated with
heptanoic and medium branched-chain fatty acids and in Acadm-/- mice with
triheptanoin

Authors: Anuradha Karunanidhi, MS,! Shakuntala Basu, PhD,! Xue-Jun Zhao, MD,! Clinton
Van’t Land, PhD,! Jerry Vockley, MD, PhD,*? and Al-Walid Mohsen, PhD,%2*

Affiliations: 1-Division of Genetic and Genomic Medicine, Department of Pediatrics, School
of Medicine, Children's Hospital of Pittsburgh, University of Pittsburgh, Pittsburgh, PA,
USA. 2-Department of Human Genetics, School of Public Health, University of Pittsburgh,
Pittsburgh, PA, USA

*Corresponding author: aam27@pitt.edu +1(412) 378-6666

Background: Lysine succinylation (Ksu) requiring relatively high amounts of succinyl-CoA
plays a pivotal role in modulating >1200 mitochondrial proteins including ones involved in
Krebs cycle, amino acid and fatty acid metabolism, and OXPHOS. Medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency (MCADD) impairs generation of succinyl-CoA from
odd chain and even chain-dicarboxylic fatty acids. MCADD infants have impaired ability
to generate energy from fat and intermediates for gluconeogenesis leading to a risk of
hypoglycemia under stress. We hypothesize that a rich source of succinyl-CoA bypassing
MCAD would be therapeutic.

Methods: MCADD patient fibroblasts cultured on coverslips were treated with heptanoic,
2,6-dimethylheptanoic, 6-amino-2,4-dimethylheptanoic, or 4,8-dimethylnonanoic acids.
Cells were stained with antibodies against succinyllysine and MTCO1 (an OXPHOS Complex
IV subunit) using immunofluorescence (IF) detection. Liver sections from MCAD knock out
mice (Acadm-/-) treated with triheptanoin (C7G) were similarly stained, glycogen content
and steatosis were examined, and lysates were assessed for OXPHOS complexes by western
blot.

Results: MCADD fibroblasts exhibited decreased IF staining with anti-succinyllysine that
increased with C7 and MBCFAs treatments. Acadm-/- mouse liver showed decreased Ksu

IF staining that was reversed by treatment with C7G and consistent with the observed
reversal of glycogen depletion and lipid accumulation. MTCO1 antigen severely decreased in
Acadm-/- mice was improved by treatment. Western blot showed other OXPHOS complexes
subunits which were also restored.

Discussion: Lysine succinylation is significantly decreased in MCAD deficient fibroblasts and
Acadm-/- mice but restored by MBCFAs and C7G, respectively, indicative of replenishment
of succinyl-CoA. Improved biomarkers in Acadm-/- mice imply a clinically relevant effect.
Our studies suggest that C7G is a potential therapy for MCADD and the MBCFAs are viable
alternatives.
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Widely variable phenotype in VLCAD: The diagnostic odyssey of a rare disease

Authors: Bibiana Mello de Oliveira, MD, MSc,™* Marina Scop Medeiros, MD,? Rodrigo Rezende
Arantes, MD,? Lilia Farret Refosco, RDN,* Helena Fussiger, MD, MSc,>

Affiliations: 1-Santa Casa de Porto Alegre / Mendelics Genomic Analysis / Universidade
Federal do Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil. 2-Servico de
Neurologia do Hospital Sdo Lucas da PUCRS, Porto Alegre, Rio Grande do Sul, Brazil.
3-Mendelics Genomic Analysis, Belo Horizonte, Minas Gerais, Brazil. 4-Hospital de Clinicas
de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil.

5-Universidade Federal do Rio Grande do Sul/ Faculdade de Medicina da Universidade
FEEVALE / Servico de Neurologia do Hospital Sdo Lucas da PUCRS, Porto Alegre, Rio
Grande do Sul, Brazil.

*Corresponding author: bmoliveira@hcpa.edu.br - phone +5553981191656.

Background: Very long-chain Acyl-CoA dehydrogenase (VLCAD) deficiency is a fatty acid
[-oxidation disorder (FAOD) that impairs the conversion of very long-chain fatty acids
into energy, increasing the risk of encephalopathy, cardiomyopathy, liver disease, and
hypoglycemia.

Case Study: Female 28 year-old patient born to non-consanguineous parents, with a
history of nausea and vomiting since childhood, after physical exertion, cold, heat and
fasting, presenting more frequently in the last year. Her cousin died at the age 22 after
gastroenteritis and liver failure. Since the age of 27, she had three episodes preceded by
fasting, with an interval of 20 days, of vomiting and lethargy followed by acute epileptic
encephalopathy requiring ICU admission. On two occasions, a hypothesis of psychiatric
diagnosis and suicide attempt was raised.

Results: Cardiomyopathy, metabolic acidosis, hyperlactatemia, hypoglycemia, increased
CPK, ammonia, transaminases, and bilirubin were found. Electroneuromyography was
suggestive of sensorimotor axonal neuropathy. Acylcarnitines profile showed CO deficiency.
Molecular analysis identified the likely pathogenic variants p.Lys382Serfs*11/p.Glu285GIn in
ACADVL gene, concluding the diagnosis of VLCAD deficiency. Treatment included avoiding
prolonged fasting and long-chain lipids, consuming complex carbohydrates, and taking
L-carnitine and Triheptanoin, with good response and no recurrence of acute events. An
emergency plan was provided. Siblings were tested, and her asymptomatic 26-year-old
brother presented the same genotype, CO deficiency, and elevated C14, C14:1, C14:2, Cl6:1,
CPK and transaminases, confirming the same diagnosis.

Discussion: These cases highlight the diagnostic challenges of FAOD in adults and the
widely variable expressivity of the condition, even in individuals with the same genotype.
The diagnosis ended a prolonged investigation and allowed for proper therapy for the
patient and sibling, reducing disease-related morbidity and mortality.

Keywords: ACADVL; Very long chain acyl-CoA dehydrogenase deficiency; Adult disease.
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Clinical manifestations, healthcare resource utilization, and costs among patients with
long-chain fatty acid oxidation disorders (LC-FAOD): a retrospective claims database
analysis

Authors: Erru (Christy) Yang, MS,* Zhenzhen Fang, MS,? Ruixin Tan, MS,2 Yun Guo, MS,?
Siyi He, MS,?2 Deborah Marsden, MBBS, FACMG!

Affiliates: 1-Ultragenyx Pharmaceutical Inc., Novato, CA, USA 2-Tianjin Happy Life
Technology Co., Ltd, Beijing, China

*Corresponding author: Erru (Christy) Yang Cyang@ultragenyx.com 415-720-4205

Background: Clinical manifestations of LC-FAOD may result in frequent healthcare visits,
hospitalizations, and early death. This retrospective cohort study assessed manifestations,
healthcare resource use (HRU), and direct medical costs among patients (pts) with LC-
FAOD.

Methods: The IQVIA PharMetrics® Plus database was searched for pediatric (peds; 0-17
years) and adult (18 years) pts with confirmed LC-FAOD diagnosis and =12 months
continuous enrollment (CE) between Jan 2016-Feb 2020. A non-LC-FAOD comparator
group was created using 1:20 exact matching on age, gender, payer type, and CE start year.
Manifestations were identified via ICD-10 codes (any position). Overall HRU and attributable
costs were stratified by care setting.

Results: In total, 423 pts with LC-FAOD (53.0% male; 79.7% peds) were included. Mean
enrollment duration was 2.6%1.2 years. 22.6% of peds and 37.2% of adults with LC-FAOD
had =1 of 3 major clinical events (MCEs) vs 1.5% and 2.3% occurrence in comparators,
respectively (Table 1). Pts with LC-FAOD had a higher prevalence of musculoskeletal,
cardiovascular/cardiopulmonary, hepatic, renal, hematologic, nutritional, digestive,
psychiatric/neurologic, and other complications vs comparators (Table 1). The prevalence
of complications was generally higher in adults vs peds. Overall HRU were higher in pts
with LC-FAOD (adults > peds) vs comparators (Table 2). A subgroup of pts with LC-FAOD
experiencing =1 MCEs had higher HRU and costs than the overall LC-FAOD cohort. MCE-
related hospitalizations among pts with LC-FAOD were associated with long inpatient stays
and high costs; length of stay and cost per event substantially increased with age for the
three MCEs (Table 3).

Discussion: LC-FAOD impart a high burden on pts and the healthcare system. Burden
was especially high in adults, who had a higher prevalence of comorbidities, overall HRU,
and costs compared with children, which is consistent with the progressive nature of the
disease.
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Fasting metabolism in children with fatty acid oxidation disorders: Earlier lipolysis in
VLCADD compared to MCADD patients.

Authors: David Olsson, MD,! Charlotte Haglind MD, PhD,! Maria Halldin MD, PhD,! Svetlana
Lajic, Professor,® Anna Nordenstrém, Professor?

Affiliates: 1-Department of Women’s and Children’s Health, Unit for Pediatric endocrinology
and metabolic disorders, Karolinska Institutet/Karolinska University Hospital, Stockholm,
Sweden

*Corresponding author: david.olsson@ki.se +46703546027

Background: Patients with fatty acid oxidation disorders (FAODSs) have impaired capacity for
cellular energy production using fatty acids as substrate leading to cellular energy deficiency,
tissue accumulation of fatty acid intermediates and fasting intolerance. A key intervention

in FAODs is fasting time restriction. Despite being one of the cornerstones of treatment,
evidence for fasting restrictions and knowledge of FAOD fasting pathophysiology is sparse.
This study examines night-time fasting metabolism in children with Very-long chain acyl-
CoA dehydrogenase deficiency (VLCAD) and medium acyl-CoA dehydrogenase deficiency
(MCAD).

Methods: Fasting metabolism was investigated in children with VLCAD (n=8, mean age

5,1 year) and MCAD (n=4, mean age 3,6 years) using subcutaneous microdialysis and
intravenous blood sampling. Patients were subjected to a nine-hour night fast following a
standardized night meal. Dialysate samples were collected every 30 minutes during fasting
and concentrations of glucose, glycerol, lactate and pyruvate were analyzed.

Results: An increase in dialysate glycerol levels indicating lipolysis was seen after 5 hours
of fasting in the VLCAD group. A concomitant rise in the acyl carnitine c14:1 was seen. The
MCAD group displayed a less pronounced rise in glycerol after 8 hours of fasting. Dialysate
glucose, lactate and pyruvate levels were stable within normal range during the fast in both
groups. Hormone analysis showed an expected pattern of an early peak in growth hormone
and late increase in cortisol levels in VLCAD patients.

Discussion: This study shows earlier and more pronounced fasting induced lipolysis in
children with VLCAD compared to MCAD despite the MCAD patients being younger.
Evaluation of fasting tolerance in FAOD should not only be based on euglycemia but also
consider lipolysis and risk of accumulation of fatty acids and toxic metabolites. These findings
suggest that patients with VLCAD might benefit from a shorter night fast.
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Elamipretide restores mitochondrial function in trifunctional protein deficiency mice and
human fibroblasts

Authors: Eduardo Vieira Neto, MD, PhD,*?%* Yudong Wang, PhD,'?; Shakuntala Basu, MSc,
PhD,*? Xuejun Zhao, MD,*? Anuradha Karunanidhi, MSc,*? Jerry Vockley, MD, PhD 1245

Affiliations: 1-Division of Genetic and Genomic Medicine, Department of Pediatrics, School of
Medicine, University of Pittsburgh, Pittsburgh, PA, 15224, USA

2-UPMC Children’s Hospital of Pittsburgh, Pittsburgh, PA, 15224, USA

3-Children’'s Neuroscience Institute, Department of Pediatrics, School of Medicine, University of
Pittsburgh, Pittsburgh, PA, 15224, USA

4-Department of Human Genetics, Graduate School of Public Health, University of Pittsburgh,
Pittsburgh, PA, 15261, USA

5-Center for Rare Disease Therapy, UPMC Children’s Hospital of Pittsburgh, Pittsburgh, PA,
15224, USA

*Corresponding author: EDV9@pitt.edu ; mobile: +1 909-270-1558

Background: Mitochondrial trifunctional protein (TFP) links fatty acid oxidation to cardiolipin
(CL) remodeling, a lipid unique and critical to the inner mitochondrial membrane structure.
Elamipretide is a synthetic peptide that binds to CL, optimizing electron transportchain (ETC)
function. There may be secondary ETC dysfunction in TFP/LCHAD deficiency patients. We
assessed the efficacy of elamipretide to improve mitochondrial function in micewith a mutation
in the b-subunit of TFP, and in patient fibroblasts.

Methods: b-TFP mice were treated with elamipretide delivered by IP injections or via osmotic
minipumps. Mice were submitted to exhaustion testing on a treadmill and fasted before

cold challenge. In vitro assays were performed on mouse liver mitochondria: (1) Blue native
gel electrophoresis; (2) measurement of metabolic flux from palmitoyl-CoA or pyruvate to
cytochrome c; (3) complex I+l activity; (4) ATP and ROS content. Mitochondrial bioenergetics
and ROS production were measured in patient fibroblasts.

Results: Elamipretide-treated mice showed improvedcold tolerance and exercised after a
longer distance on a treadmill before exhaustion compared to controls. Elamipretide improved
complex I+l activity, pyruvate to cytochrome c flux, and ATP content of mitochondrial
extracts. It also improved mitochondrial respiration of an HADHB deficient cell line and reduced
ROS production in two HADHA deficient cell lines.

Discussion: Treated b-TFP mice had improved cold tolerance and ran a longer distance before
exhaustion on a treadmill, indicating improvement of mitochondrial bioenergetics in brown
adipose tissue and skeletal muscle. This was reinforced by an increase in complex I+l activity,
pyruvate to cytochrome c flux and ATP content in liver mitochondria. In humans, this action
may be dependent on genotype. Nevertheless, our results provide proof of concept data for
subsequent clinical trials for use of elamipretide in treatment of TFP/LCHAD deficiencies.
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A biallelic HADAH variant as a possible cause for recurrent myoapthic crises with normal
CK

Authors: Joshua Manor, Yair Anikster

Affiliations: Metabolic Disease unit, Edmond and Lily Safra Children's Hospital, Sheba
Medical Center, Tel Hashomer, Israel

Background: HADHB encodes for the 3 subunit of the mitochondrial trifunctional protein
(TFP), with biallelic pathogenic variants in HADHB responsible for about 50% of the cases
of TFP deficiency, a long-chain fatty acid oxidation (FAO) disorder. While about 70% of
HADHB-related TFP deficiency have milder presentation in comparison to HADHA related
TFP deficiency, the resultant disorder is considered severe necessitating lifelong dietary fat
restriction and close follow up for cardiac, skeletal, neuropathic, and retinal complications.
We present here a case of biallelic variant of uncertain significance (VUS) in HADAHB in a
patient with two severe myopathic crises with signs of autonomic neuropathy and without
elevations of blood CK levels.

Case study: The patient is a 9-year-old otherwise healthy male, who experienced two

severe episodes of acute-onset proximal muscle weakness at the age of 5 and 8 and a

half, following mild febrile illnesses. On the first episode he was admitted with proximal
muscle weakness, hyporeflexia, positive Gower sign, and loss of bladder and bowel control.
Electromyogram (EMG) showed denervation with normal potential amplitude. On his second
episode, similar weakness was recoded but without involvement of the autonomic nervous
system, and EMG tests were normal. Of note, CK levels were within normal limits during
both episodes. With intensive rehabilitation, the patient improved significantly, and upon
recent evaluation, no signs of weakness or peripheral neuropathy were found on physical
examination.

Results: A combined comprehensive neuropathy and neuromuscular panel (Invitae®) was
positive for hemizygote VUS in DRP2 (c.2114C>T; p.Thr705Met) and for a homozygote VUS in
HADHB (c.397A>G; p.Threl33Ala). Extensive infectious, autoimmune, paraneoplastic workup
were negative.

Discussion: A combination of fasting and cold triggered a mild hypoketotic hypoglycemic
phenotype in MCAD KO mice, but this could not be attributed to an increased peripheral
glucose demand. This suggests that hypoglycemia is largely due to impaired glucose
production rather than its increased peripheral consumption.

Discussion: Hemizygote disease-causing variants in DRP2 are associated with adult-onset
Charcot-Marie-Tooth peripheral neuropathy, for which our patient did not show signs hereof
including EMG, his physical examination, and his post-crisis recovery. Biallelic disease-
causing HADHB variants are associated with a spectrum of a long-chain FOA, including
recurrent rhabdomyolysis, hypoketotic hypoglycemia, liver dysfunction and cardiomyopathy
with long-term complications of peripheral neuropathy and retinopathy. For HADHB
deficiency as a causative etiology, it remains to explore treatment options, given the
patient’s unusual presentation.
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Medium-chain acylcarnitines target muscular phenotypes in long-chain fatty acid oxidation
Disorders

Authors: Keaton Solo, B.S, PhD candidate, University of Pittsburgh, PA, USA; Dr. Eric
Goetzman, PhD, University of Pittsburgh, Pittsburgh PA, USA

Affiliations: University of Pittsburgh, Pittsburgh PA, USA

Methods: Western blotting and proteomics were used to measure protein expression.
MCFA and MC-carnitine oxidation capacities were probed with radiolabeled substrates
and respirometry. The bioavailability of C8-carnitine was measured in rats and therapeutic
potential in long chain acyl-CoA dehydrogenase knockout (LCADKO) mice.

Results: Liver mitochondria respired on MCFAs in a carnitine-independent manner while heart
and muscle mitochondria did not. Conversely, heart and muscle mitochondria respired on
MC- carnitines while liver mitochondria did not. Liver expresses mitochondrial matrix medium-
chain acyl-CoA synthetases (ACSMs) capable of activating MCFA to CoA for oxidation,

while heart and muscle do not, thereby rendering these tissues dependent upon long-chain
synthetases (outside mitochondria) and the carnitine shuttle for importing and oxidizing
MCFA. Heart and muscle express matrix carnitine O-acyltransferase (CrAT), an enzyme able
to convert MC- carnitines to MC-CoAs, while liver does not. Oral MC-carnitines reach systemic
circulation and are very rapidly oxidized. In LCADKO mice, a single-dose of C8-carnitine
extended treadmill running by 25% while cutting blood lactate levels by 50%. In comparison,
neither single dosing or extended feeding of either MCT oil or trineptanoin improved treadmill
performance.

Discussion: In muscle and heart, MCFAs likely compete with long-chain fatty acids for
activation and import into mitochondria. MCFA therapies may be contraindicated in patients
with carnitine shuttle deficiencies. MC-carnitines may represent a new therapeutic strategy for
muscle and heart.
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A new old player in MCADD: reduced coenzyme A availability in medium-chain acyl-CoA
dehydrogenase deficiency

Authors: Ligia Akemi Kiyuna,* Christoff Odendaal,! Madhulika Singh,?> Anne-Claire M.F.
Martines,! Marianne van der Zwaag,® Miriam Langelaar-Makkinje,! Albert Gerding,* Nicolette
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Background: Medium-chain acyl-CoA dehydrogenase deficiency (MCADD) is the most
prevalent fatty-acid oxidation (mFAQO) disorder. Among its symptomes, life-threatening
hypoketotic hypoglycemia remains poorly understood. Using a computational model of
hepatic mMFAO, we predicted that MCADD leads to an increased risk of free coenzyme A
(CoA) depletion due to sequestration into medium-chain acyl-CoA esters, which may in
turn impact glucose production. Therefore, we aimed to quantify the acyl-CoA esters and
the CoA pool in MCAD-deficient cells and mouse liver. Moreover, we questioned if/how the
biosynthesis of CoA would respond to such sequestration.

Methods: Free CoA, acyl-CoA, and acyl-carnitine profiles were measured in wild-type (WT)
and MCAD knockout (KO) HepG2 cells. 13C315N1- labeled pantothenate (precursor of CoA)
was used to estimate the CoA synthesis rate. Total CoA (sum of the free CoA fraction and
CoA thioesters) and the expression of proteins involved in CoA turnover were analyzed

in HepG2 cells and in the liver of WT and MCAD KO mice (C57BL/6). The animals were
exposed to 14h-overnight fasting at room temperature followed by 4h-fasting at 4°C.

Results: Compared to WT, MCAD KO cells accumulated medium-chain acyl-CoA esters,
reduced concentrations of free CoA, and increased label incorporation into CoA from a
pantothenate tracer. Accumulation of medium-chain acyl-CoA was mirrored in the acyl-
carnitine profile. In the liver of MCAD KO mice, total CoA was strongly increased compared
to the WT group, coinciding with an upregulation of acyl-CoA thioesterases (ACOTs),
carnitine acyltransferases (CrAT, CPT1, CPT2), and pantothenate kinase (Pankl, Pank3).

Discussion: Free CoA levels are reduced in MCAD KO cells most likely due to sequestration
into medium-chain acyl-CoAs, as also predicted by the computational model. In the liver of
MCAD KO mice, enzymes involved in CoA biosynthesis and rescue were upregulated under
metabolic stress, possibly as a compensatory mechanism.
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Background: Very long-chain acyl-CoA dehydrogenase deficiency (VLCADD) results from
biallelic mutations in the ACADVL gene. Patients with VLCADD cannot generate energy from
long-chain fatty acids. Phenotype may include cardiomyopathy, rhabdomyolysis, and acute
metabolic decompensation. Newborn screening by acylcarnitine profiling identifies VLCADD
but requires genetic confirmation. However, sequencing often identifies variants of uncertain
significance (VUS) while missing most non-coding variants. Over 300 VUS in ACADVL are
catalogued in the ClinVar Database. To better understand the functional impact of sequence
variants in ACADVL, we characterized the pathogenicity of ACADVL coding variants using
an expression system in an ACADVL-null HEK293T cell line and identified variants that affect
ACADVL mRNA expression or splicing in VLCADD patients with unidentified pathogenic
alleles.

Methods: Plasmids containing the ACADVL cDNA with or without an exon VUS were
transfected into an ACADVL-null HEK293T cell line. VLCAD protein and enzyme activity were
guantitated by western blot and ETF fluorescence reduction enzyme assay, respectively.
Long-range genomic PCR amplification of the ACADVL promoter, gene body, and 3'-UTR
from patient fibroblasts was sequenced by nanopore long-read amplicon sequencing. RT-
PCR of mRNA from patient fibroblasts confirmed aberrant splicing. The effect of splice
variants was validated with exontrap expression vectors.

Results: Stability and activity of 90 VLCAD coding variants were categorized as benign,
mild pathogenic, and severe pathogenic. Fibroblasts from 15 symptomatic patients with
incomplete genetic confirmation were found to harbor 7 variants that affected ACADVL
MRNA splicing, which were confirmed in HelLa cell-based splicing assays.

Discussion: We propose the recategorization of 90 ACADVL protein-coding VUS in the
ClinvVar Database and the incorporation of these unigue ACADVL splice variants into
diagnostic panels.
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Background: LCHADD is the only fatty acid oxidation disorder to develop a progressive
chorioretinopathy resulting in vision loss; NBS for LCHADD has been practiced in some
locales for > 20 years. We compared ophthalmic outcomes among patients diagnosed due
to the presence of LCHADD-associated symptoms vs. those who were diagnosed via NBS or
because of family history and therefore treated from early infancy.

Methods: 40 subjects with LCHADD were enrolled in a natural history study. Subjects
completed detailed ophthalmologic testing. Records were reviewed to document medical
and treatment history.

Results: Twelve subjects presented symptomatically with hypoglycemia, failure to thrive,
liver dysfunction, cardiac arrest or rhabdomyolysis. 28 others were diagnosed by NBS

or due to a family history of LCHADD. At study entry, subjects in the symptomatic
diagnosis group were older (mean=21 years vs 14 years in the NBS/family history group)
but had similar % males and similar genotypes as those diagnosed by NBS. Treatment in
both groups had consisted of fasting avoidance, dietary fat restriction, MCT, C7 and/or
carnitine supplementation. Visual acuity, rod-and cone-driven amplitudes on ERG, contrast
sensitivity scores and visual fields were all significantly lower among subjects diagnosed
symptomatically compared to NBS. In mixed effects models, both age and presentation
were significant factors suggesting visual outcomes were improved with NBS but there was
greater visual dysfunction among older subjects in both groups.

Discussion: Diagnosis of LCHADD in early infancy through NBS/family history allows early
initiation of dietary therapy. Early diagnosis and treatment were associated with improved
visual outcomes and retinal function compared to subjects who were diagnosed and treated
at later ages. Despite the impact of early intervention in the NBS/family history group,
chorioretinopathy still progressed with advancing age highlighting the need for novel
treatments.
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Background: Fatty acid oxidation disorders (FAODs) are rare, life-threatening autosomal
recessive disorders that lead to energy disruption and major clinical events such as
rhabdomyolysis, cardiomyopathy, and hypoglycemia. Great heterogeneity exists in the
literature regarding safe return to activity following an episode of rhabdomyolysis. Our aim
is to summarize the current state of knowledge regarding the treatment of rhabdomyolysis
and outline a multiphase progressive guideline to safely enable patients with FAODs to
recover functional mobility post rhabdomyolysis without recurrence of symptoms.

Methods: Information was collected from four databases (MEDLINE, Scopus, PEDro,
Cochrane) limited to English, Spanish, and Hungarian covering articles from January 1990
to March 2023 using combinations of keywords including “rhalbbdomyolysis” or “fatty acid
oxidation disorder”. Inclusion criteria were based on the article’s coverage of the treatment
of rhabdomyolysis for return to physical mobility.

Results: The search yielded 8,894 articles of which 49 articles were retrieved and read: 14
of these met the final inclusion criteria, with an additional 8 reference articles retrieved by
hand. The final articles included 10 reviews, 8 case studies, 2 clinical practice guidelines, and
2 protocols. Information was summarized and organized.

Discussion: Due to the lack of cohesive direction, medical providers were challenged to
create a safe program that was tailored to meet the specific metabolic needs of patients
with FAODs based on established literature. We created a seven-step guideline that employs
evidence-based strength and conditioning training, leveraging interval exercises to prioritize
glycolysis over lipolysis to meet energy needs. Although each treatment plan should be
individualized, our protocol provides a foundational guideline to assist healthcare providers
and families to facilitate an overall safe return to activity after rhabdomyolysis.
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Introduction: Very long chain acyl-CoA dehydrogenase (VLCAD) deficiency is the most
prevalent long chain fatty acid oxidation disorder (LC-FAOD). VLCAD deficient (VLCADD)
patients present with hypoglycemia, hepatomegaly, cardiomyopathy and/or myopathy with
recurrent rhabdomyolysis. VLCADD mice do not develop rhabdomyolysis, the major clinical
manifestation in older children and adults. We report the characteristics of a muscle specific
LCAD KO/VLCAD KO (MDKO) mouse model and the effects of triheptanoin and gene therapy
(AAV9O-VLCAD) on function.

Methods: To create a better model of human disease, we introduced a muscle specific Acadl
KO allele into a Vicad (-/-) deficient background (MDKO) using Cre/lox technology. Animals
were examined by CPK levels, acylcarnitine profiles, treadmill performance, metabolic
chamber studies, and effect on cold tolerance, a measure of global bioenergetics. Animals
were treated with trihneptanoin for 7 days or an AAV9 vector containing the full length human
ACADVL cDNA (1x1012 vector genomes/mouse) and characterization was repeated.

Results: Mice homozygous for whole body deletion of both the Acadl and Acadvl genes

were not viable. MDKO animals had smaller litter sizes than either single deficiency and some
pups were runted, while adult animals had lower body weights, slower growth rates, and
decreased cold tolerance. Adult MDKO animals had high resting CPK and ran one fourth the
distance of wild type animals on treadmill testing with increased blood lactate and higher CPK
levels. MDKO mice fed a triheptanoin supplemented diet maintained normal glucose levels
and a RER > 0.95 even when fasting, indicating dependence on carbohydrate metabolism,
consistent with histologic studies demonstrating restoration of liver glycogen stores. MDKO
mice treated with the AAV9-VLCAD vector showed significant VLCAD protein in liver, heart,
and skeletal muscle, along with improved running capacity. Cold tolerance also was improved.

Conclusion: Preliminary characterization of the targeted muscle DMKO mouse model
identifies it as a more robust model of human disease and is the first FAOD model to
demonstrate resting and exercise induced rhabdomyolysis. Treatment with an AAV9-
hACADVL vector led to significant improvement in functional testing and opens the way for
human clinical trials.

Travel Grant Award



Abstracts

Long-term correction of very long-chain acyl-CoA dehydrogenase deficiency in Acadvl-/-
mice using AAV gene therapy

Authors: Xue-Jun Zhao,! Bianca Seminotti,! Shakuntala Basu,! Clinton Van’t Land,! Al-Walid
Mohsen,*? Michele Stone,® Jason Mallory,® Pilar Prentiss,® Sarah Jaslow,® Alex Turner,® Lakmini
Wasala,? Jerry Vockley,b2*

Affiliations: 1-Division of Genetic and Genomic Medicine, Department of Pediatrics,
University of Pittsburgh, Pittsburgh, PA, USA, 2-Department of Human Genetics, University
of Pittsburgh, Pittsburgh, PA, USA, 3-Kriya Therapeutics, Inc., Morrisville, NC, USA

*Corresponding author: Jerry Vockley, MD, PhD; Chief of Genetic and Genomic Medicine,
Department of Pediatrics, University of Pittsburgh, 4401 Penn Ave, Rangos Research Center,
Pittsburgh, PA 15224; vockleyg@upmc.edu

Background: Very long-chain acyl-CoA dehydrogenase deficiency (VLCADD) is an
autosomal recessive disorder arising from a block in the first step of long-chain fatty acid
p-oxidation (FAO). Symptoms include hypoglycemia, cardiomyopathy, and myopathy with
recurrent rhabdomyolysis. Current treatment includes avoiding fasting, maintaining a low-
fat diet, and consumption of medium-chain triglycerides. We have previously demonstrated
restoration of FAO in VLCADD human cells and knockout (Acadvl-/-) mice using human
VLCAD mRNA treatment. Here, we use AAV9 therapy that targets major tissues involved

in FAO, has long-term expression, and corrects disease-specific phenotypes in a Acadvl-/-
mouse.

Methods: Acadvl-/- mice were injected intravenously with a single dose of an AAV9-VLCAD
vector construct. Eight weeks after injection, tissue homogenates were assessed for VLCAD
protein presence. Cold tolerance and running performance were also evaluated. Liver fat
content was examined histologically. Plasma acylcarnitines were profiled by tandem MS.

Results: Systemic administration of AAV9-VLCAD gave robust expression of VLCAD protein
in liver, heart, and skeletal muscle. Treated mice were able to maintain body temperature,

a global sign of improved bioenergetics, and had increased distance on treadmill running.
H&E and Oil Red O staining of liver sections demonstrated decreased accumulation of lipid
(steatosis) after treatment. AAVI-VLCAD treatment also reduced the levels of long-chain
acylcarnitines in plasma demonstrating improved FAO.

Discussion: Our findings demonstrate the potential therapeutic value of AAV9-VLCAD
treatment in restoring mitochondrial FAO with reversal of hepatic steatosis and skeletal
myopathy in an animal model of VLCADD. This therapeutic approach has potential for the
treatment of VLCAD deficient patients.
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Background: Major clinical events (MCEs) of long-chain fatty acid oxidation disorders (LC-
FAOD) in triheptanoin clinical trials included inpatient or emergency room (ER) visits for 3
major clinical manifestations: rhabdomyolysis, hypoglycemia, and cardiomyopathy. Real-
world LC-FAOD outcome data are limited. We quantify the real-world burden of LC-FAOD by
management strategy as MCE rate and healthcare resource utilization (HRU).

Methods: This non-interventional cohort study uses data from the real-world LC-FAOD
Odyssey program. Data were collected with the PicnicHealth digital record platform using a
novel human-in-the-loop machine learning system to synthesize structured and unstructured
data from US medical records and patient reported outcomes from August 2020-August 2022.
MCEs included cardiomyopathy, hypoglycemia, and rhabdomyolysis in inpatient or ER settings.
MCE-related and non-MCE-related HRU were assessed. Treatment periods (triheptanoin,
medium-chain triglyceride [MCT]) were compared. Assessments used a cross-sectional design
comparing periods of triheptanoin or MCT treatment of at least 6 months.

Results: Baseline patient characteristics are in Table 1. Annualized mean MCE rates during

the triheptanoin and MCT periods were 0.1 and 0.7, respectively (rhabdomyolysis: 0.07 vs 0.3;
hypoglycemia: 0.05 vs 0.4; cardiomyopathy: O vs 0.02). Annualized disease-related inpatient
and ER events of all reasons were lower during the triheptanoin vs MCT period (0.2 vs 1.2 for
inpatient stays, 0.3 vs 1.0 for ER visits). Patients were managed more in an outpatient setting on
triheptanoin (@annualized outpatient visits: 8.9) than the MCT period (7.9).

Discussion: Patients with LC-FAOD from the real-world Odyssey program had fewer MCEs and
HRU in inpatient and ER settings during the triheptanoin vs MCT period. The MCE rate was
lower after triheptanoin initiation, consistent with clinical trials. Results should be interpreted
with caution due to small sample size.
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Introduction: Pyruvate is produced by glycolysis in the cytoplasm, but pyruvate oxidation
takes place in the mitochondrial matrix in eukaryotes through the pyruvate dehydrogenase
complex (PDC). Acetyl-CoA produced by PDH is a major source of energy during times of
physiologic stress, ultimately providing molecular fuel for two other bioenergetic pathways,
the tricarboxylic acid (TCA) cycle and the electron transfer chain (ETC). In analogy to

our previous findings of FAO enzymes’ interactions with ETC supercomplexes (SC), we
hypothesize that PDC physically interacts with the matrix NADH-binding domain of
complex I.

Methods: Permeabilized mitochondria from isolated from wild-type mice liver. The
association of PDC with the ETC SC was identified by blue native gel electrophoresis and
western blotting. PDC interaction with ETC SC was similarly explored in control and PDC
patient-derived fibroblasts with mutation in the PDH E1A gene. Finally, PDC binding to SC
was examined in a TFPB-deficient mouse model, previously demonstrated by us to have
reduced SC levels in mitochondria.

Results: BNGE/western blotting confirmed that PDC comigrates with ETC SC, suggesting
interaction with complex |I. Mutant PDCs in patient-derived cell lines with ETA mutations
showed reduced binding to SC in spite of the presence of stable PDC protein. Finally, PDC
levels were decreased in the TFPB-deficient mice, consistent with dependence of interaction
of PDC with SC for in vivo stability. Treatment of TFP{-deficient mice with a cardiolipin-
binding peptide that stabilizes the mutant TFP and restores respiratory chain SC also
rescued PCD protein.

Discussion: Our findings are consistent with an in vivo interaction of PDC with respiratory
chain SC, likely through complex |, and suggests new opportunities to address cellular
pathophysiology in patients with PDC deficiency.
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Background: The Portuguese Neonatal Screening Programme (PNSP) identifies patients
with rare diseases through nationwide screening. Currently, 28 diseases are diagnosed,
covering approximately 100% of neonates. In 2004, the National Laboratory implemented
a new screening method, with tandem mass spectrometry (MS/MS) to test for amino acids
and acylcarnitines. This protocol revolutionized the PNSP and allowed for the analysis of
an increased number of Inborn Errors of Metabolism (IEM), with clear improvements of
treatment timings and clinical outcomes. The aim of this work is to establish the molecular
epidemiology disorders screened.

Methods: From 2004 to 2022, 1,764,830 neonates were screened with MS/MS
technology. Those who displayed biochemical profiles indicating an IEM were subjected
to molecular characterization via genomic DNA extraction, PCR amplification, and direct
Sangersequencing method, of dried blood spot samples.

Results: A cohort of 681 newborns were diagnosed with an IEM, of which 316 with
mitochondrial B-oxidation of fatty acid disorders. MCAD deficiency is the most frequent,
with 240 confirmed diagnoses and predominance of c.985A>G (p.Lys329Glu) mutation of
the ACADM gene in homozygosity. LCHAD deficiency cases identified in the Portuguese
population presented mostly ¢.1528G>C (p. Glu510GIn) mutation in the HADHA gene. Other
molecular profiles were determined as diagnostic confirmation for screened disorders.

Discussion: This data shows the molecular epidemiology of patients with confirmed
disorders of mitochondrial B-oxidation of fatty acid identified by neonatal screening
routine. This retrospective analysis P allows for an overview of 18 years of achievements
accomplished by national screening since MS/MS was implemented. Presenting molecular
profiles for thes diseases provides insights on the Portuguese population’s genotype.
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Background: Cardiomyopathy has been described in 47% of a large cohort of patients
with fatty acid oxidation disorders (FAODs). It is a significant cause of morbidity and early
mortality in mitochondrial trifunctional protein (TFP) deficiency, being reported in patients
with both HADHA and HADHB mutations. Since the description of the HADHB p.M404K
(B-TFP) mutant mouse, no additional studies have investigated cardiomyopathy in these
animals. We performed heart histology and CMR to evaluate cardiac fibrosis and function.

Methods: Histology: hearts were harvested from B-TFP euthanized males, fixed in
buffered formalin and then embedded in paraffin. Heart tissue cut sections were stained
with hematoxylin and eosin (H&E) and picrosirius red (PSR) to quantify fibrosis. CMR: a
previously published protocol was used to evaluate and quantify global systolic function,
regional and diastolic function, and myocardial fibrosis in 3-TFP males and females and
controls (heterozygous females).

Results: 3-TFP mice had variable degrees of cardiac fibrosis and systolic dysfunction. Males
were more severely affected than females. One of the males showed clear signs of dilated
cardiomyopathy (DCM) with significantly decreased EF and elevated LVVED. The chronic
exposure of cardiomyocytes to long-chain 3-hydroxy-fatty acids may be the probable
trigger of fibrosis. These mice are a good experimental model for therapeutic options that
can prevent the installation of cardiac fibrosis in FAODs.
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Background: Multiple acyl-CoA dehydrogenase deficiency (MADD) is an autosomal
recessive disorder of riboflavin metabolism caused mainly by ETFDH mutations. In the
understudied Southern Africa (SA) populations little data exists on the spectrum of MADD.
To address this, we recruited a cohort of 12 unrelated families diagnosed with MADD, as
part of the ICGNMD study. The aim was to extensively profile the clinical, biochemical, and
genomic features of MADD to improve early diagnosis and treatment.

Methods: Thorough clinical evaluations, WES, Sanger-, and haplotype analyses were
performed. Extensive metabolic profiling was done before and after treatment where
possible, and steady-state protein levels were assessed. Lastly, allele frequencies (AFs) were
determined in the four largest population groups of SA.

Results: Patients displayed clinically heterogeneous phenotypes and the hallmark
metabolites of MADD. WES revealed five pathogenic ETFDH variants (two novel), resulting
in decreased protein expression. Based on disease severity and treatment response, three
distinct groups emerged: (1) Three patients with neonatal-onset and fatal phenotypes,

with two genotypes, (2) eight patients presenting before the age of five with moderate
phenotypes and four compound heterozygous genotypes, (3) and three patients with mild,
adult-onset MADD, sharing one genotype. Apart from the neonatal group and one moderate
case, symptoms and metabolites normalised upon treatment. In this cohort, the c.1067G>A
and/or c.1448C>T variants occurred in each patient and in SA, exhibited population-specific
AFs of <6.7-8.4x10-4%.

Discussion: This study provides the aetiology, and the first extensive clinical and metabolic
profile of MADD in the SA population. It is in line with the suspicion that MADD is most
prevalent in the Caucasian population. Altogether, the study provides the data required to
implement early screening, genetic counselling, and phenotype-specific treatment of MADD
in SA patients.
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Background: The long-chain fatty acid oxidation disorders (LC-FAOD) disease monitoring
program (DMP) is a multinational, observational, long-term, prospective outcomes study
to collect information for up to 10 years from pediatric and adult patients with LC-FAOD,
regardless of disease management approach.

Methods: Participants enrolling (N=300 planned) in the LC-FAOD DMP are managed at
the discretion of their treating providers. Patients treated with triheptanoin receive the
medication through authorized commercial use or expanded access programs (EAP). The
first patient was enrolled in the DMP on 30-Nov-2021; enrollment is ongoing in the United
States and Canada.

Results: As of 28-Feb-2023, 31 pediatric (<18 years of age) and 20 adult (=18 years of age)
participants with LC-FAOD were enrolled in the DMP. In the pediatric and adult groups,
mean (Min, max) age at enrollment was 8.9 (0.7, 17.3) and 31.1(19.3, 69.0) years, respectively.
Mean (SD) years of age at LC-FAOD diagnosis was 1.0 (2.3) in the pediatric group and

12.2 (16.2) in the adult group. In the pediatric and adult groups, 14 (45%) and 11 (55%)
participants were male, respectively. Twenty participants in the pediatric group and all
adults received trinheptanoin; of these, 14 pediatric and 10 adult participants completed the
Month 6 visit, and four pediatric and three adult participants completed the Year 1 visit.

At DMP enrollment, all participants in the pediatric triheptanoin group (n=20) and three
participants in the pediatric no triheptanoin group reported a mean (SD) number of major
clinical events in the previous 18 months (MCEs; rhabdomyolysis, cardiomyopathy, and
hypoglycemia) of 1.3 (2.3) and 1.0 (0.0), respectively; all participants in the adult triheptanoin
group (n=20) reported a mean (SD) number of MCEs of 0.4 (0.8).

Discussion: The LC-FAOD DMP will be a rich dataset for patients and healthcare providers
who treat patients with LC-FAOD. MCE details, including type and duration at DMP visit
milestones, will be reported. Enrollment and follow-up are ongoing.
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A high-throughput screening platform to probe protein/metabolite interactions enabled
rapid discovery of a functional allosteric binding site on MCAD
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Background and Methods: The goal of this study is to evaluate metabolite-protein
interactions by screening proteins with an optimized Metabolite-Protein Screening (AMPS)
platform. The AMPS platform screens purified proteins against a proprietary library of
cellular metabolites at equilibrium. Utilizing functional downstream assays coupled with
structural biology, the aim is to leverage metabolite-protein interactions to identify novel,
functional binding sites on proteins for small-molecule drug development.

Results: Inborn-errors of metabolism (IEMs) caused by loss-of-function missense variants in
metabolic enzymes are attractive targets for small molecule stabilizers to restore function.
One such example is medium chain acyl-dehydrogenase deficiency (MCADD)- a fatty-acid
oxidation disorder caused by deleterious mutations in MCAD. The missense mutation K329E
leads to misfolded and aggregated MCAD and is found in >80% of patients with MCADD.
Purified WT and MCADK329E was analyzed through AMPS and putative metabolite binders
were further characterized with biophysical and biochemical techniques. Metabolites
identified via AMPS maintained mutant MCAD as a biochemically active tetramer in
response to heat-induced aggregation. Crystallography analysis of MCAD-stabilizing
metabolites revealed a novel, allosteric binding site.

Summary and Discussion: In summary, AMPS analysis of WT and MCADK329E enabled
identification of an allosteric metabolite binding site that may be an attractive target for
pharmacological stabilizers of MCADK329E for patients with MCADD.
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Congratulates INFORM on your
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Revvity is proud to partner with INFORM 2023
as they celebrate their 10" anniversary
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At Revvity, our mission is to rapidly revolutionize
human health and improve lives everywhere through
scientific solutions and expert Omics services that
deliver complete workflow from discovery to
development, diagnosis to cure.

PerkinElmer Genomics is

becoming Revvity Omics.
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