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Type 1 Diabetes (T1D) is a chronic, autoimmune disorder characterized by T-cell infiltration
and production of autoantibodies, targeted at pancreatic p-cells. The disease is thought to
result from a complex interplay between genetic and environmental factors, leading to
breakdown of tolerance [1,3]. T1D is one of the most common diseases among the pediatric
population and its incidence is rapidly increasing [1,2]. The duration of the sudden rise in
incidence in T1D is too short to be attributed to genetic effects, and it is likely caused by
environmental factors; but which ones and by what mechanisms is still not known [4,5].

Many studies have provided evidence that ethnic background is an important risk factor for
developing T1D, with Caucasians tending to be at higher overall risk than other racial
groups [1-4]. In the USA, non-hispanic whites have an approximately 50% higher risk of
developing T1D than African Americans or Hispanics (reviewed in [1]), [6]. The SEARCH
study, performed on diabetic youths less than 20 years of age, aimed to identify the
incidence and prevalence of T1D in the USA by age, sex, and race/ethnicity [6]. The
prevalence of T1D among non-hispanic white youths was found to be 2.0/1000 and the
incidence was 23.6/100,000 per year, with slightly higher rates for males compared to
females [4,6]. These were concluded to be among the highest rates in the world for this
population. The geographic areas with the highest incidence rates include Finland and
Sardinia with >20/100,000 per year (reviewed in [4]). However, neighbouring areas of
Finland, for example Estonia has a much lower incidence suggesting a role for genes and
environment, or both (reviewed in [3]),[2]. The lowest overall incidence (<1/100,000 per
year) has been reported in Chinese and South American populations [4,7]. Recently, studies
have shown that the incidence appears to be increasing in almost all populations [8]. Results
from the DIAMOND project, which examined trends in incidence from 1990 to 1999,
revealed a worldwide increase in incidence in T1D (5.3% in North America, 4.0% in Asia,
and 3.2% in Europe), except for Central America and the West Indies, where a decrease in
incidence of 3.6% was noted (reviewed in [4]),[7]. In addition, the incidence rates of T1D
increase with age with peak expression observed in those aged 10-14 years. However, there
is now a shift to an earlier age of onset, with a more rapid increase in incidence being
observed in younger children (ages < 5 years) [1]. The period of time over which T1D
incidence increases is too short to attribute to genetic shifts, and a corresponding increase in
the frequency of T1D risk genes (eg. MHC class I, insulin) has not been observed [9,10].
Therefore, it is likely that permissive environmental factors exert a stronger influence on this
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trend, resulting in increased disease penetrance in those with low-moderate risk HLA
genotypes, when compared to individuals at higher genetic risk [1,2,4,11].

The environmental factors which are responsible for triggering autoimmunity to the p-cells
and the mechanisms by which they cause disease remain unclear. Considering the higher
prevalence of T1D in younger age groups, there is interest in environmental exposures that
occur during the fetal, neonatal, and childhood periods. These factors include high
birthweight, accelerated early growth, and early life feeding patterns, such as exposure to
cow’s milk [1,4,12]. Viruses (eg. Coxsackie virus and other enteroviruses) may also trigger
autoimmunity or accelerate p—cell destruction and there is some evidence that seasonal
variation coincides with the time of enterovirus infection [2,12]. Moreover, human
enteroviruses have been identified in the pancreatic islets of T1D patients, suggesting direct
interaction of the virus with islets and insulin producing p—cells [13]. Conversely, according
to the hygiene hypothesis, lack of exposure to viruses or other pathogens can also increase
T1D risk, by hindering maturation of the immune system [1,12]. Other non-genetic triggers
include psychological stress, climatic influences, and environmental toxins (eg. N-nitroso
derivatives), which may further modify the disease process [2]. More recently, the gut has
been implicated as an initiator of autoimmunity leading to the development of T1D [14].
With three proposed facets (intestinal microbiota, altered gut permeability, and mucosal
immunity), the data suggest that collection of unhealthy microbial flora can cause
disruptions to the intestinal barrier, or a ‘leaky gut’, which produces specific immune
responses ultimately resulting in pancreatic -cell destruction [15]. If this hypothesis is
confirmed, antibiotic treatment, and the administration of probiotics, could potentially be
used therapeutically [1,15]. Vitamin D has also been associated with the pathogenesis of
T1D since it may contribute to the maintenance of mucosal integrity and is beneficial in
controlling gut permeability [1,15]. However, more extensive studies are awaited to further
investigate these immunomodulators and the mechanisms by which they cause disease.

In the current issue of Journal of Autoimmunity, Ziegler and colleagues further investigate
the escalating incidence of type 1 diabetes in young children [16]. In one of the most
comprehensive studies to date focusing on the recent rise in incidence of T1D, the authors
attribute the early onset in T1D to a faster progression from autoimmunity to disease, rather
than an increase in the incidence of islet cell autoimmunity itself. Ziegler et al. studied two
groups of children born in Germany, who were genetically predisposed to T1D, over a 20-
year period. A total of 324 children (BABYDIAB study) born between 1989 and 2000, and
216 children (TEDDY study) born between 2004 and 2010, who were first degree relatives
of patients with T1D, were recruited before the age of 3 months and prospectively followed
from birth without intervention. Children with matched HLA genotypes were monitored for
the development of antibodies to insulin, glutamic acid decarboxylase (GAD), and
insulinoma-associated protein 2 (1A-2), as well as for progression to diabetes. Although the
cumulative prevalence of islet autoantibodies by age 4 was similar in both groups of
children, a higher cumulative frequency of diabetes was seen in the TEDDY study (6.2%)
vs. the BABYDIAB study (2.5%). Additionally, a markedly increased progression to
diabetes from the development of islet autoantibodies was observed in the TEDDY group,
with 50% progression within 9.6 months vs. 85.2 months for the BABYDIAB cohort. The
fact that the prevalence of autoantibodies, reflecting genetic susceptibility, did not differ
between the two cohorts, but disease progression, reflecting environmental triggers, was
significantly accelerated, underscores the importance of gene-environment interaction in the
etiology of T1D. The question then arises as to how do genes and environment interact to
trigger disease? Recently, it has been suggested that epigenetic effects underlie gene-
environment interactions in triggering complex diseases [9,17]. Epigenetic effects are any
non-DNA sequence encoded effects on gene expression and regulation. These include post-
translational modifications of histones, DNA methylation, and microRNA expression, all of
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which could be influenced by environmental factors, such as dietary antigens or viruses
[9,18,19]. Epigenetic effects are usually long lasting after the original insult and could
explain the accelerated progression of T1D reported by Ziegler et al. Whether the
accelerated progression is due to an epigenetically driven heightened immune response, or
increased p-cell dysfunction, or both is not known, and, hopefully, future research will
address this important question.
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