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Validation

No sample size calculations were performed. This was a pilot study of seven patients prior to larger phase 2/3 studies. Sample sizes were
designed to characterise the outcome measures (including standard deviation required for power calculations in future studies) and based on
incidence of disease in the population, willingness of patients to consider recruitment, adherence rates and time required for data collection.
The sample size used in this study was sufficient to generate data to demonstrate significant changes in several outcome measures, including
the primary outcome measure (changes in frataxin levels).

One participant requested to be withdrawn from the trial following the first dose of G-CSF (day 1). Data relating to this participant were not
included as the course of G-CSF treatment was not completed and no biological samples or data were provided post-treatment, thus the
effect of treatment on all outcome measures could not be analyzed. The data exclusions reported were established before analysis of study
data.

Reproducibility of the experimental findings were verified through measurements being taken from independent samples/biological replicates
provided by the six study participants at multiple time points. Replication across independent samples was successful.

Primary outcome results (increased frataxin levels in peripheral blood mononuclear cells) were also successfully replicated in an additional
peripheral blood cell population (platelets).

This was an open-label single arm clinical trial, with all patients receiving the same intervention (G-CSF treatment) - randomized allocation of
participants to treatment group was therefore not relevant to this study.

This was an open-label single arm clinical trial, with all patients receiving the same intervention (G-CSF treatment) - blinding investigators to
treatment group allocation was therefore not relevant to this study.

anti-CD45-PE (555483; Clone HI30; BD Biosciences)

anti-CD34-FITC (555821; Clone 581; BD Biosciences)

anti-CD133-APC (130-113-106; Clone AC133; Miltenyi Biotec)

anti-beta actin (ab8227; Abcam)

anti-NRF1 (ab175932; Clone EPR5554(N); Abcam)

anti-Nrf2 (sc-722; Clone C-20; Santa Cruz Biotechnology)

anti-PGC-1! (sc-13067; Clone H-300; Santa Cruz Biotechnology)

horseradish peroxidase–conjugated goat anti-rabbit IgG (ab6721; Abcam)

Antibodies were validated by both the manufacturers and our previous studies:

1. Redondo J, et al. Dysregulation of mesenchymal stromal cell antioxidant responses in progressive multiple sclerosis. Stem Cells
Transl Med 7, 748-758 (2018).
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Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data
Policy information about clinical studies

All manuscripts should comply with the ICMJEguidelines for publication of clinical research and a completedCONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

Flow Cytometry

Plots

Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

2. Kemp KC, et al. Bone marrow transplantation stimulates neural repair in Friedreich's ataxia mice. Ann Neurol 83, 779-793 (2018).
3. Kemp KC, et al. Cytokine therapy-mediated neuroprotection in a Friedreich's ataxia mouse model. Ann Neurol 81, 212-226 (2017).
4. Kemp K et al. Mesenchymal Stem Cell-Derived Factors Restore Function to Human Frataxin-Deficient Cells. Cerebellum 16, 840-851
(2017).

Seven participants with genetically confirmed diagnosis of Friedreich's ataxia (GAA-repeat expansion on both alleles of the
FXN gene) were recruited to the study. A detailed overview of the participant covariate-relevant population characteristics
are provided within the paper (Table 1).

Participants were recruited via Neurology Clinics at North Bristol NHS Trust (Southmead Hospital, Bristol, UK). Male and
female participants aged over 18 years were eligible to participate if they had a genetically confirmed diagnosis of FA (GAA-
repeat expansion on both alleles of the FXN gene). Exclusion criteria included participation in other clinical trials within 30
days of the initial dose of G-CSF; pregnancy, breastfeeding or lactation; current or previous diagnosis of serious medical
disorders or illnesses including haematologic disease (including malignancy), splenomegaly, autoimmune disease, pulmonary
infiltrate, pulmonary fibrosis or haemoptysis; and clinical abnormalities on baseline bloods (full blood count [FBC], renal and
liver function). No self-selection bias is anticipated

East of England - Cambridge East Research Ethics Committee (REC 17/EE/0486), UK

EudraCT 2017-003084-34

The study protocol is provided as Supplementary information.

Southmead Hospital, Bristol UK; Start date: 2018-01-22; Date of the global end of the trial: 2019-04-12

Primary outcome measure:

Changes in frataxin levels in peripheral blood mononuclear cells after granulocyte-colony stimulating factor (G-CSF) administration to
patients with Friedreich’s Ataxia . Frataxin levels in peripheral blood mononuclear cells were assessed prior to, and for 19 days
following G-CSF administration using the Frataxin Protein Quantity Dipstick Assay Kit (Abcam).

Secondary outcome measures:

Safety of G-CSF administration to patients with Friedreich’s Ataxia. Safety was assessed by clinical examination, reporting of adverse
events and laboratory blood monitoring (full blood count, renal and liver function) prior to, and for 19 days following G-CSF
administration.

Changes in mitochondrial enzyme activity (aconitase and succinate dehydrogenase) and/or antioxidant levels (PGC-1!, NRF1 and
Nrf2) in peripheral blood mononuclear cells after G-CSF administration to patients with Friedreich’s Ataxia. Enzyme activities and
antioxidant levels in peripheral blood mononuclear cells were assessed prior to, and for 19 days following G-CSF administration using
colorimetric enzyme activity assays and immuno dot-blot assays respectively.

Whole blood was collected into EDTA Vacutainers™ (BD Bioscience). Blood samples were incubated with antibodies anti-
CD45-PE (1:5; 555483; BD Biosciences), anti-CD34-FITC (1:5; 555821; BD Biosciences) and anti-CD133-APC (1:10;
130-113-106; Miltenyi Biotec) in BD Trucount tubes (BD Biosciences) for 15mins at room temperature. Mature red blood cells
were lysed with FACS lysis buffer (BD Biosciences) and samples suspended in phosphate-buffered saline.

BD FACSCanto flow cytometer, BD Biosciences.




