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Introduction

Iron is essential for energy metabolism, mitochondrial function, and maintaining
cellular redox potential. Excess cellular labile ferrous iron generates reactive oxygen
species leading to sustained oxidative stress and eventual cell death. Multiple System
Atrophy (MSA), Parkinson’s disease (PD) and Friedreich’s ataxia (FA) and are
neurodegenerative conditions characterized by regional excess brain iron and resultant
oxidative stress, leading to clinical trials of iron-binding small molecules. ATH434, a
small molecule drug candidate with moderate ferric iron affinity (K; 10-1°), reduces
excess brain iron and aggregated a synuclein, improves neuronal survival, and restores
motor performance in murine PD and MSA models. ATH434 is currently in phase 2
MSA trials. Deferiprone (Dfp) is a drug with high ferric iron affinity (K, 10-?') approved
for treating systemic iron-overload disorders. Dfp’s high affinity enables reduction of
toxically elevated organ iron but has potential for maladaptive pharmacological effects
on iron stores in healthy cells. Although Dfp’s efficacy in preclinical FA and PD models
led to clinical testing, trials demonstrated adverse effects consistent with high ferric iron
affinity-induced cellular iron depletion. Thus, iron-related treatments may require
features that allow management of cytotoxic labile iron.

Previously, we presented data showing that ATH434 and ATH434-met could rescue
the menadione-induced reduction in mitochondrial membrane potential (MMP)
determined by TMRM staining, while the iron chelators Dfp and Dfx (Deferasirox) did
not. We then investigated the efficacy of ATH434 and the other comparator compounds
as mitochondrial protectants and assessed their antioxidant capacity. ATH434
demonstrated in-solution antioxidant activity in ABTS with an EC;, of 28.6 yM £ 4.1
UM, comparable to that of the Vitamin E analog Trolox (23.1 yM = 3.4 uM) and to the
concentration we've previously used for treatment with ATH434 (20 pM). We have
extended our studies to include dose-response FRAP and ORAC assays, in which
ATH434 performed similar or better than Trolox, while Dfx and Dfp had lower or no
efficacy. We followed up our initial in cellulo studies with investigation of endpoints
downstream of ROS production and saw that ATH434 could rescue the menadione-
induced increase in lipid peroxidation back to control levels, equivalent to treatment
with Trolox or a-tocopherol (Vitamin E). Further, ATH434 was able to supplement
cellular energy production and at higher concentration was able to shift from
mitochondrial to glycolytic ATP production that could limit ROS generation.

ATH434 has been further evaluated in neuronal models that replicate the altered
cellular oxidative status of iron-related neurodegenerative diseases. In HT22 cell line-
derived neurons, ATH434 potently protected plasma membranes from menadione-
induced lipid peroxidation and protected cells in a hemin-induced ferroptosis model.
Extensions of these findings are being conducted in neurons differentiated from FA
patient iIPSCs. ATH434 is currently being evaluated for protective effects on
mitochondrial function, iron status, oxidative stress including lipid peroxidation, and
expression of disease-related proteins, pathological markers that have been defined in
the FA-patient derived neurons. Together, our results suggest that antioxidant activity is
an important contributor to the efficacy of ATH434 in neurodegenerative disorders
characterized by excess labile brain iron and oxidative stress, thus enhancing the
efficacy of its moderate iron binding.

Conclusions & Future Directions

Together, these results suggest that antioxidant activity may be an important
contributor to the efficacy of ATH434 in neurodegenerative disorders characterized by
oxidative stress, enhancing the efficacy of its moderate iron binding. We conclude that:

- 434 vs Dfp: 434 has potent antioxidant activity. Dfp does not possess
antioxidant activity and does not protect cells from menadione-induced
reductions in MMP.

« 434 vs 434-met: 434 is more potent that 434-met. The electron transfer activity
of 434 likely explains its potency in protection from menadione.

* 434 on energy metabolism: 434 supports overall cellular energy production at
low doses and shifts away from ROS-generating mitochondrial ATP production
at doses used in cell-based assays.

 FA iPSC neuronal model: iPSC derived neurons from healthy control and FA
patients demonstrated the expected iron overload and mitochondrial deficits.
Future studies will investigate the protective properties of 434 in these neurons
as a treatment for both iron overload and oxidative stress.

* Ferroptosis model: 434 partially protects cells from hemin-induced lipid
peroxidation in a neuronal model of ferroptosis. Studies are ongoing to assess
the efficacy of 434 under variable hemin conditions, and other aspects of
ferroptosis such as GPX4 activity and regulation of iron status markers.
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Results
ATHA434 antioxidant activity in HT22 neuronal model
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lllustration of antioxidant assays and structures of compounds
used in this study.
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ABTS antioxidant activity. EC50 values were calculated
for each compound based on reduction of ABTS radical.

ATH434. A, Oxygen consumption rate in cells pre-treated with ATH434. B, Contributions of (pmol O,/min/mg protein) 2302 £ 297 2949 £ 594 2977 £512 1583 £ 334

From Mayberry, C.L., et al. STAR protocols (2024). glycolysis and mitochondrial oxidative phosphorylation to ATP production.
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ATHA434 in other oxidative stress models

ATH434 efficacy in hemin-induced ferroptosis model Characterization of iPSC-derived Friedreich’s ataxia (FA) model
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