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1. Summary of the impact (indicative maximum 100 words)

University of Leeds researchers have identified 109 genes which, when mutated, cause a range of
clinical disorders including: developmental brain disorders, ciliopathies, renal and liver disease,
immunodeficiency, cancer, and blindness. Linking the encoded proteins to inherited diseases has
been key to genetics laboratories around the world developing new diagnostic technologies, and
national and international screening programmes being implemented. In turn, this has resulted in
thousands of diagnostic, carrier, and prenatal tests - enabling early diagnosis, better clinical
management, and improved outcomes for patients. The understanding gained has underpinned
successful clinical trials of novel therapies. Importantly, the work has led directly to better
counselling and prenatal screening for families.

2. Underpinning research (indicative maximum 500 words)

Seven per cent of the UK population, roughly 3.5 million people, live with a ‘rare disease’. Over
6,000 rare diseases have been documented, of which around 80% have a genetic component.
Twenty years ago genetic testing was only possible in a handful of cases, but a revolution in
human genetics technology has led to a huge increase in our understanding of the genetic basis of
these conditions, with researchers from Leeds playing a world-leading role.

To address the huge clinical need to diagnose rare inherited disease for effective counselling and,
in particular, tackle the specific local healthcare burden of rare recessive disease, researchers from
the University of Leeds harnessed the power of genomics to accelerate the diagnostic process. In
collaboration with families and clinical staff, researchers in Leeds identified more than 100 genes
mutated in different inherited diseases.

Exemplars of our research include discovering the role of nucleic acid intermediates in causing the
inherited encephalopathy Aicardi-Goutiere syndrome (AGS) [1]; finding that mutations in the PMS2
gene (which are difficult to detect due to sequence overlap with many pseudogenes) underlie a
range of cancer syndromes, and identifying a number of other genes mutated in cancer [2];
determining the importance of primary cilia in health and disease [3]; identifying a series of genes
involved in determining human brain size, neuronal development, and neuronal homeostasis [4,5];
identifying 10% of all the genes known to be mutated in inherited retinal dystrophy (IRD), as well as
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genes involved in glaucoma and corneal dystrophies [6].

Autosomal dominant and X-linked conditions can often be solved through family studies, while the
trio sequencing approach has proved a powerful technique for identifying de novo dominant
variants, which account for approximately 40% of children with developmental delay. Leeds has
used all of these approaches, but a particular focus for our research has been on autosomal
recessive conditions. Our epidemiological investigations in the local Pakistani heritage community
demonstrated conclusively, for the first time, a doubling of the risk of congenital disorders, due to
the practice of consanguinity. This heightened risk results in an increase in autosomal recessive
disorders. These risks were most recently highlighted in the 2016 Chief Medical Officer’s report,
Generation Genome.

The many earlier diagnoses made possible by these discoveries have meant earlier intervention -
which saves lives - as well as enabling informed counselling for patients and their families. These
discoveries have provided novel insights into disease pathogenesis, and resulted in the description
of novel clinical syndromes.

3. References to the research (indicative maximum of six references)
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4. Details of the impact (indicative maximum 750 words)

Worldwide, rare diseases affect 3.5-5.9% of the population, equivalent to around 300 million
people. In the UK this figure is higher, with around 3.5 million people (7% of the population)
affected. Babies and children are most likely to be affected, with as many as 30% of those who
have a rare disease dying before their fifth birthday. Our research has identified 109 genes which,
when mutated, cause diverse rare human conditions. This has resulted in laboratories across
Europe screening for these genes, the identification of these genes on the UK national test
directory, and the successful completion of clinical trials involving these genes [A].

Influencing new diagnostic technologies and screening programmes worldwide

Our research has had a profound impact on the development of new diagnostic technologies, and
on national and international screening programmes globally. The Orphanet website [B] lists the
European Medical Laboratories that provide diagnostic tests for specified genes or diseases. If we
take the representative genes that were highlighted in section 3, Orphanet shows that SAMHD 1
was tested in 54 laboratories, PMS2 was tested in 183 laboratories, HEATRZ2 in 7 laboratories,
MICUT in 15 laboratories, CCNDZ2 in 11 laboratories, and DRAM?Z2 in 11 laboratories. Other notable
genes implicated in disease by our researchers and widely screened by European laboratories
include CEP290 (142 laboratories), TMEMG67 (93 laboratories), and LRP5 (86 laboratories).

Commercial sensitivities mean that the precise number of tests cannot be calculated, but we
surveyed 134 European genetic testing laboratories, which allowed us to estimate that over 50,000
tests were carried out in 2019 in Europe alone for genes implicated through our research [C].

The worldwide figure is likely to be much higher, and major genetic sequencing companies globally
are testing for genes associated with disease through our research. For example, the lllumina
sequencing company (revenue USD3,543 million in 2019) included the genes TET2 and PMS2 in
their widely used lllumina TruSight Oncology 500 NGS assay launched in 2018 [D]. The world-
renowned geneticist and President of US company ‘PreventionGenetics’, said:

“Tests for all of the genes listed [SAMHD1, PMS2, ASPM, TMEM67, NMNAT1] are on our test
menu.... We have identified many patients who carry pathogenic variants in these genes” [E_i].

The Director of Spanish biotechnology company, Sistemas Gendmicos, said:

“These genes are crucial in genetic diagnosis, and in our experience, fundamental in this field due
to the relatively high number of patients suffering from these genetic conditions. Specifically, in the
oncogenetics area, the study of PMS2 is very important....During the year 2019, we carried out
568 genetic analyses, which included this gene. Some of these studies confirmed the suspected
clinical diagnosis, which allowed offering [sic] an adequate genetic counselling and appropriate
medical management to the patient and their families” [E_ii].

The extent of the impact can also be seen within government documentation on commissioning of
genetic tests. For example, the UK National Genomic Test Directory specifies which genomic tests
are commissioned by the NHS in England, and lists a core set of genes that must be tested in NHS
laboratories. Ninety eight of the genes associated with rare diseases by our researchers since
2000 are on the UK list [F], which features a total of 5851 genes (i.e. we have contributed 1.67% of
identified genes). The President of the UK Clinical Genetics Society, confirmed that:

“The over one hundred genes linked to human inherited diseases by researchers in Leeds are
screened regularly in laboratories across the UK to support clinical diagnosis for patients” [E_iii].
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The Clinical Lead for the DECIPHER and the Deciphering Developmental Disorders project based
at the Wellcome Sanger Institute, Hinxton, acknowledged that:

‘tests for dozens of genes linked to human inherited diseases by researchers in Leeds.... account
for a significant and important contribution to our diagnostic yield” [E_iv].

The impact of our research is further evidenced by its influence within major genomics projects.
For example, the 100,000 Genomes Project, completed in 2018, sequenced 100,000 whole human
genomes from patients with rare diseases and their families, and patients with common cancers.
The Clinical Director of Genomics England, confirmed that the genes we identified:

“‘accounted for a significant proportion of activity across the 100,000 Genomes Project” [E_v].
The co-lead investigator of the Scottish Genomes partnership said that:

“The many rare disease genes discovered by researchers in Leeds played a key role in helping to
understand causes, diagnosis and potential treatments for such inherited diseases” [E_vi].

New understanding underpins clinical trials of novel therapies

The genetic research findings from Leeds have allowed clinicians to compare patients from
different centres who have variants in a single gene. This has guided clinical decision-making, as
well as the novel research insights informing clinical trial design. Examples include drug trials in
patients with TREX1 and PLA2G6 mutations; personalised medicine approaches and drug trials for
specific cancer subgroups (including PMS2 and TET2 mutation carriers); CEP290 variants
targeted by antisense oligo therapy; a vaccine targeting cells over-expressing TBXT to treat certain
tumour types; drug, dietary and physiotherapy approaches being tested in Primary Ciliary
Dyskinesia (PCD) patients; and the use of anti-ADAM9 antibodies as a tumour therapy [G]. For
example, a clinical trial of azithromycin maintenance therapy in PCD, caused by mutations in six of
the genes implicated through Leeds research, showed this halved the rate of respiratory
exacerbations [H]. In addition, our research on AGS, caused by mutations in SAMHD1 and four
other genes (all identified by Leeds researchers) led directly to a clinical trial of the drug baricitinib,
which proved effective in improving neurologic outcomes in patients [I].

Improved health and wellbeing through diagnosis, counselling and better treatment
Discovery of the 109 genes through research at the University of Leeds has enabled early
diagnosis, better management, and improved outcomes for patients, and better counselling and
prenatal screening for families. The importance of this impact was highlighted by inherited retinal
dystrophy (IRD) patients (19 genes implicated through Leeds research) who reported that they
strongly supported the provision of publicly funded genetic testing. The IRD patients valued the
greater understanding and knowledge about the genetic basis of their condition, and valued the
resulting early access to emerging therapies. The patients also reported benefits to family
members and future generations, as well as to society in general [J].

Our research has also allowed charities to support families living with rare conditions. According to
the CEO of Unique (a charity supporting people with rare chromosome and gene disorders):

“The [Leeds] research has provided important insights that directly benefit those affected by
genetic mutations. In particular, the discovery that blindness is due to mutations in splicing factors
PRPF8 and 3, the identified relationship between retinal vascular disease and TSPAN12 variants,
and the finding of diverse immunological phenotypes due to CARD11 mutations has allowed a
genetic diagnosis to be made — diagnoses which directly improve the quality of life for affected
individuals within the UK and throughout the world” [E_vii].

The CEO of Cerebra, a charity that helps children with genetic brain conditions, said:

“....the fundamental genetics research at the University of Leeds has led to improvements in
genetic identification that have significantly improved the lives of our members and have given
them and us new hope for the future..... This new understanding allows our members to obtain a
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genetic diagnosis, which gives them a much better idea of what the future holds for them,
something in which we and they place great value. It also gives information about risk for other
family members and future generations, is the first step towards better treatments and new
therapies and is an essential prerequisite for recruitment to clinical trials” [E_viii].

The CEO of Retina UK, a patient-led charity supporting people with retinal diseases, confirmed:

‘the Leeds Vision Research Group has played a world-leading role in the drive towards a genetic
diagnosis for everybody with inherited retinal disease. Knowledge of their genotype is something
our members value very highly indeed, since it is the essential first step in the journey towards
understanding their condition and accessing the best possible treatment” [E_ix].

The Board of the Ciliopathy Alliance have recognised the vital importance of the Leeds research
and the impact it has had on families affected by ciliopathies:

“Leeds geneticists have excelled over the past 10 years, identifying over 100 genes linked to
inherited diseases. These include 29 genes that, when mutated, cause ciliopathies. This is a huge
contribution to the worldwide human genetics revolution from a single centre. Linking genes with
inherited diseases means patients and their families can plan their lives knowing how their
condition is likely to progress and what risk it poses to relatives” [E_X].

The impact of this research is best expressed by the patients who benefit from the findings. For
example, a patient with VEXAS syndrome (due to a somatic mutation in UBA7) wrote that:

“For four years | have battled with a progressive illness... Last year | was told that | was unlikely to
survive more than another 6-12 months, and to complete a DNR Form, write my will, etc. It
therefore came as a massive relief to discover at the end of last year that your team had described
a syndrome that exactly matched my own illness.... | feel that my symptoms are benefiting from a
combination of steroids and a monoclonal antibody” [K].
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