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Introduction

In nearly every cell in the body, there are mitochondria, which are like power stations, supplying the
energy that our cells need to function. When a person has mitochondrial disease, the mitochondria
in the cells are not very efficient or do not work at all — resulting in the cells not producing enough
energy to function correctly.

The parts of the body commonly affected by mitochondrial disease are those that have the highest
energy demands, such as the brain, muscle, liver, heart and kidney. However, every person is
affected differently.

Mitochondrial diseases represent one of the most common and severe groups of inherited
genetic disorders. However, despite this —there are currently no cures or effective treatments for
many children affected by the condition.

Thanks to your support, Professor Shamima Rahman has been instrumental in addressing the unmet
need for children with mitochondrial disease. Professor Rahman founded and has run the
Mitochondrial Research Group at the UCL Great Ormond Street Institute of Child Health since

2000. The Mitochondrial Research Group focuses on enhancing the outcomes for children with
mitochondrial and other metabolic diseases by discovering the genetic mutations that might be
responsible for the condition, developing new ways to diagnose it and investigating potential
therapeutic approaches.

This work is leading to improved diagnosis and management, which we discuss more below.

Diagnostics

Thanks to the support of the Anna Lewis Brighter Future fund — Professor Rahman and her team
have made a transformational difference to the number of children receiving a diagnosis for their
mitochondrial disease.

One specific enzyme that the team have focussed on is complex I. Mutations affecting the structure
and assembly of complex | make up the most common subgroup of mitochondrial disorders. Thanks
to direct funding from the Anna Lewis Brighter Future Fun the team recruited a large cohort of
patients from GOSH to this study, where they successfully diagnosed 80% of children with complex |
deficiency. Findings from this study, and other exome sequencing studies performed by Prof
Rahman’s team, were translated into a gene panel, called GOSHome, which was used by laboratory
diagnostics until recently, when it was superseded by the NHS Genomic Medicine framework, whose
design Prof Rahman contributed to. Gene panels are essentially a list of mutations that have been
identified in patients with mitochondrial disease. They help to guide scientists on which specific
genes they should be looking for when screening patients with suspected mitochondrial disease.
With humans estimated to have approximately 20,000 genes, these panels are extremely helpful to
narrow down the screening and help to identify the faulty gene and hence diagnose the condition.

The team’s expertise led them to play a key role in the 100,000 genomes project — a UK initiative to
sequence and study the role our genes play in health and disease. In addition to recruiting patients
to the project, Professor Rahman helped with the eligibility criteria for patients with mitochondrial
disease being included in the study, and devoted a lot of her time to making a virtual gene panel for
the Genomics England panel app. The panel app is now used by NHS routine diagnostics.



Through the work of the team and others in the field, approaching 400 genes have now been
identified as playing a role in mitochondrial disease.

Previously, only 5% of patients presenting with symptoms of mitochondrial disease would have their
condition confirmed by a diagnosis. Now, thanks to routine diagnostics as part of the NHS service,
patients have a 50% chance of diagnosis, and up to 70% in a research setting. ‘Patients and families
deserve to have a diagnosis — as this is just the first step in finding treatments for the condition’.
Professor Shamima Rahman, Professor of Paediatric Metabolic Medicine at the UCL Great Ormond
Street Institute of Child Health and honorary Consultant at Great Ormond Street Hospital for
Children, London.

Gene discovery provides new insight into disease aetiology, which facilitates the development of
new targeted therapies in the longer term.

Novel Therapies

As the team have been able to transfer much of their diagnostic work to the laboratories, they are
now keen to focus more on discovering new therapies to treat children with mitochondrial disease.

There are several ongoing streams of work, looking at both pharmacological approaches and gene
therapies for mitochondrial disease, and the team are actively seeking funding to progress this
programme of work. They are interested in exploring the role of different vectors in gene therapy,
and discovering which of the 400 identified genes might be susceptible to RNA therapy.

In a move to learn more about clinical trials, Professor Rahman secured a role as UK Chief
Investigator for the first pharmaceutical sponsored paediatric clinical trial in the UK for a drug for
mitochondrial epilepsy. In this role, Professor Rahman oversaw the ethics application, recruited
patients from GOSH, and helped to redesign the eligibility criteria, making the study accessible to a
wider group of patients.

With a growing number of pharmaceutical companies interested in the mitochondrial disease space,
the knowledge gathered by Professor Rahman and the team through their diagnostic work and
natural history studies will be invaluable.

Prognostics

Another of the studies supported by the Anna Lewis Brighter Future Fund focussed on improving the
severity of symptoms in children affected with mitochondrial disease. To do this, Professor Rahman
and the team led a multicentre natural history study of patients with a severe form of a metabolic
condition called Leigh Syndrome. The team documented the clinical, imaging and biochemical
features of nearly 50 patients with SURF1 deficiency, a form of Leigh Syndrome, from the UK and
Australia. Documenting this information will allow earlier recognition of SURF1 deficiency for future
children presenting with the condition — thus enabling more rapid clinical diagnosis and the ability to
provide more accurate prognostic information to the parents of affected children.

In other studies, the team identified molecules present in samples of fluid taken from around the
brain and spinal cord (cerebrospinal fluid, CSF) in patients with mitochondrial disease that may help
to diagnose the condition. Levels of folate were found to be deficient in the CSF of some children
with mitochondrial disease, and a correlation between folate levels and vitamin C was also
identified, suggesting vitamin C could act as a potential protective agent in the condition.
Measurement of CSF folate deficiency is now used by the diagnostic service in the Neurometabolic
laboratory at the National Hospital for Neurology, and studies suggest that co-supplementation of



vitamin C together with appropriate folate replacement may be of therapeutic benefit in patients
with folate deficiency.

The team have carried out natural history studies for between 5-10 different causes of mitochondrial
diseases, including PolG deficiency. This has really helped to provide information on prognostic
indicators for different subtypes of the condition, such as anaemia in PolG deficiency.

Professor Rahman would now like to conduct prospective natural history studies, as recommended
by the FDA. The first international one will be for Leigh Syndrome — and the study is being funded by
five patient organisations across the world. The UCL team are part of a consortium working on this
project, and Professor Rahman is currently writing the ethics for the study. Another prospective
study is also being funded by the Freya Foundation, the patient organisation for pyruvate
dehydrogenase deficiency, a rare neurodegenerative disorder associated with abnormal
mitochondrial metabolism.

Publications and other achievements

Thanks to your support, Professor Rahman has published over 100 manuscripts in the field of
mitochondrial research. She is also a popular speaker and has been invited to give more than 150
national and international lectures during her career, in 24 countries across the globe.

Professor Rahman has also held influential positions on a range of expert panels, for example the
Medical Research Council Clinical Training Panel, and is the Lead of the mitochondrial subdomain of
Genomics England Clinical Interpretation Partnership. She is also Editor-in-chief for a major
metabolic journal, is the International Councilor for the North American Mitochondrial Medicine
Society, and leads on mitochondrial medicine in the Metabolic European reference network —
established to facilitate the best available care to patients and families affected by inherited
metabolic rare diseases.

Your generous donations have contributed towards tremendous advancements in mitochondrial
disease diagnostics. Professor Rahman and her team continue to perform natural history studies,
search for novel biomarkers and evaluate pharmacological and gene therapy strategies for
mitochondrial diseases. Looking forwards, they are very interested to continue working with
colleagues across the globe to develop robust outcome measures, conduct well-designed clinical
trials and deliver effective therapies to the mitochondrial disease community.
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