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Oral drug therapy transforms life for neonatal diabetes sufferers 
 

1. Summary of the impact 
 
Research undertaken by Professor Frances Ashcroft at the University of Oxford and her 
collaborators at the University of Exeter has led to several hundred neonatal diabetes (ND) 
patients worldwide being able to switch from daily insulin injections to oral sulphonylurea tablet 
therapy since 2008. ND is a rare but potentially devastating monogenic form of diabetes affecting 
about 1 in 150,000 live births.  Sufferers were previously assumed to have type 1 diabetes and 
thus were treated with insulin injections; sulphonylurea treatment has transformed their quality of 
life and led to marked health improvements.  It has also ameliorated the mental and motor 
developmental delay that affects about a fifth of ND patients.   
 
2. Underpinning research 
 
Early research carried out by Professor Frances Ashcroft and colleagues at the University of 
Oxford’s Department of Physiology, Anatomy and Genetics established the mechanism by which 
an increase in blood glucose concentration triggers insulin secretion from the beta cells of the 
pancreas. They identified the key event in this process: the closure of ATP-sensitive potassium 
(KATP) channels by glucose metabolism. They discovered that the KATP channel functions as a 
gated pore and that when the pore is open insulin secretion is inhibited, and when it is closed 
insulin release is stimulated. 
 
In 1995, Ashcroft’s team cloned and sequenced a key subunit of the channel (Kir6.2) and showed 
the channel is made up of pore-forming Kir6.2 and regulatory SUR subunits1. This work was 
essential preliminary research that enabled subsequent screening of patients' DNA for mutations 
causing insulin secretory disorders. In 1997, the team showed that ATP (produced by glucose 
metabolism) binds to Kir6.2 to cause channel inhibition2 and identified mutations that impair ATP 
binding. In 2003, Professor Ashcroft and Dr Declan Doyle (formerly from the University of Oxford’s 
Department of Biochemistry) determined the first atomic structure of a Kir channel3. Subsequently, 
Professor Ashcroft and Professor Mark Sansom, also from the Department of Biochemistry, used 
this structure to produce a molecular model of Kir6.2 that enabled them to identify the ATP-binding 
site4. This model explained how Kir6.2 mutations impair channel inhibition by ATP. 
 
In 2004, Professor Andrew Hattersley of the University of Exeter found the first mutation in Kir6.2 
associated with neonatal diabetes (ND) - a rare genetic disease that affects about 1 in 150,000 live 
births worldwide, and has a serious impact on health and quality of life. Newborns affected are 
smaller than those of the same gestational age, due to lack of insulin (a growth factor) in the 
womb, and can fail to gain weight normally. Diabetes develops within the first six months of life and 
can be severe; some infants are admitted to hospital with diabetic ketosis. Ashcroft's team showed 
that the mutation in ND impairs the ability of ATP to shut the KATP channel5; because channel 
closure is required for insulin secretion, this leads to impaired insulin release and thus to ND. 
Professors Ashcroft and Hattersley then suggested that it should be possible to treat ND patients 
with oral sulphonylureas (already in routine clinical use for type 2 diabetes) rather than injections of 
insulin. Clinical studies showed that sulphonylureas can indeed be successfully used to treat the 
diabetes of patients with this and many other different KATP channel mutations. 
 
Recently, Ashcroft's team made a mouse model of human ND and used this to show that the 
muscle hypotonia and other motor problems of patients with severe ND mutations originate in the 
brain, not the muscle. This has implications for therapy, as drugs must cross the blood-brain 
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barrier6. Ongoing studies of mice models reveal that sulphonylurea therapy preserves beta cell 
function and mass better than insulin, and start to explain some of the differences in phenotype 
between ND and type 2 diabetes. 
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Funding for research: This work has been continuously supported by the Wellcome Trust and the 
Royal Society, with grants in excess of £10.5M since 1999. 
  
4. Details of the impact 
 
The work of Ashcroft at Oxford, with Hattersley’s team at Exeter, has transformed therapy for 
people born with ND. Until 2006, ND patients were treated with insulin because their clinical 
characteristics suggested an unusually early onset form of type 1 diabetes (in which insulin-
secreting beta cells are destroyed and exogenous insulin is essential). As a direct result of the 
research described above, the first patient was switched to oral sulphonylurea treatment in August 
2006, and since then at least 500 patients have transferred from insulin injections to the oral drugs, 
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the bulk of them from 2008 onwards. Clinicians worldwide now routinely screen infants presenting 
with ND, as well as adult patients who developed diabetes at a young age, for KATP channel 
mutations.  
 
Transfer to oral drugs has not only transformed the quality of life for those with ND (and that of 
their families), it has also had marked clinical benefits. Fluctuations in blood glucose, a common 
problem in ND patients, are substantially reduced, and potentially dangerous hypoglycaemic 
episodes are less common. Blood glucose control is substantially improved, lowering the risk of 
diabetic complications, such as blindness, kidney disease, heart disease and limb amputations. 
Such complications account for the majority of the morbidity and mortality burden of diabetes, so 
this reduction results in life-time cost savings of eventual healthcare needs. Furthermore, daily 
insulin injections are inconvenient, unpleasant, restrictive in terms of lifestyle, and relatively 
expensive. By contrast, sulphonylureas are cheap, off-patent, drugs that have been in routine 
clinical use for treating type 2 diabetes for more than 30 years. In the first study into the use of 
sulphonylureas to treat ND, 90% of the trial group successfully discontinued insulin after receiving 
sulphonylureas7.  
 
About 20% of ND patients with KATP channel mutations also have neurological symptoms8, 9. Some 
have severe mental and motor developmental delay and (in approximately 3% of cases) epilepsy 
in addition to ND (named DEND syndrome by Ashcroft and Hattersley)8. Most also have muscle 
hypotonia accompanied by delayed speech and walking. These symptoms arise because KATP 
channels are found in brain and muscle, as well as in pancreatic beta cells. Sulphonylurea drugs 
ameliorate the neurological problems in some of these patients8. Importantly, some children who 
were started on sulphonylureas at diagnosis have not yet developed obvious neurological 
complications, although it is too early to be certain if this will be true for all patients. 
 
Since 2008, sulphonylurea therapy has become the therapy of choice for patients with KATP 
channel mutations. Guidelines from the International Society for Pediatric and Adolescent Diabetes 
state that ND patients should be treated with sulphonylurea drugs10. The NHS has also approved 
research showing that genetic testing for ND is cost effective, since transfer to sulphonylurea drugs 
leads to significant cost savings in the long term11. Ashcroft and Hattersley have disseminated the 
results of their research in seminars, lectures, media interviews and other venues, which has been 
vital in reaching the greatest number of clinicians and new families who might benefit from the drug 
treatment; as a direct result there are now clinics worldwide offering genetic testing for ND.  
 
Ashcroft and Hattersley organised and ran the first ‘Families Day’ meeting for patients with ND and 
their families in July 2009 in London. Several families remain in regular contact with one or both of 
the Oxford and Exeter teams. Through such contacts it has become apparent that apart from the 
clinical benefits associated with sulphonylurea therapy, the impact upon an individual’s quality of 
life, and that of their family, has been considerable. One patient described switching from insulin 
therapy to sulphonylureas as ‘like night and day’12, and another said the new treatment had ‘given 
him his life back’13. Numerous other patient stories describe ways that sulphonylurea treatment has 
revolutionised their lives with diabetes14-16; one mother reports that thanks to sulphonylurea 
treatment her daughter ‘has now been completely off insulin for seven years with the blood sugar 
control of a non-diabetic. A truly life-changing miracle’17. The impact of this research has resulted 
from an extremely effective collaborative interaction between the researchers at Oxford and 
Exeter, clinicians, patients, and their families. 
 
5. Sources to corroborate the impact 
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