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Role of enteroviruses in the pathogenesis of type 1 diabetes
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The pathogenesis of type 1 diabetes is widely believed to
involve T cell-mediated autoimmune processes directed
against the insulin-producing beta cells in the pancreas.
Growing evidence suggests that environmental factors,
including toxins, food antigens and, particularly, viral
infections are involved in the induction of type 1 diabetes.
Viruses such as enteroviruses, rubella virus, mumps virus,
rotavirus, parvovirus and cytomegalovirus have been
investigated in experimental and clinical studies aimed at
defining their roles in the pathogenesis of type 1 diabetes.
Most efforts in recent years have focused on enteroviruses,
the most common cause of viral infection in humans,
infecting an estimated billion people annually worldwide
[1]. Enteroviruses exhibit islet cell tropism, as demonstrated
by the detection of viral RNA by in situ hybridisation and
the identification of viral proteins by immunohistochemical
staining of post-mortem pancreatic specimens from type 1
diabetogenic patients [2, 3]. Furthermore, an infectious
coxsackievirus B4 was isolated from the islets of a type 1
diabetic patient [2], and a strain of echovirus 3 was isolated

from an individual concurrently with appearance of islet
cell and IA-2 autoantibodies [4].

The study by Richardson and collaborators [5], pub-
lished in this issue of Diabetologia, is a welcome addition
to the field, supporting the relevance of enteroviruses as
diabetes-inducing agents. The authors have studied highly
valuable human material—the autopsy pancreases of
recent-onset diabetic patients—for the presence of entero-
viruses. Enteroviral antigen-positive islet cells were found
in 44 of 72 young recent-onset type 1 diabetic patients, in
line with the original findings of other groups [2, 3].
Furthermore, islets from ten of 25 cases with type 2
diabetes tested positive for the enteroviral capsid protein
vp1 by immunohistochemistry [5], pointing to a possible
role of these viruses in the aetiopathogenesis of this disease
as well. As negative controls, they investigated 50 pan-
creases from neonatal or paediatric non-diabetic individuals,
reporting three vp1-positive samples. In the studied islet
preparations, vp1 staining was restricted to beta cells and
correlated well with the immunostaining of double-stranded
RNA-activated protein kinase R. With the help of this
enzyme, the authors aimed to confirm that the vp1-positive
insulin-containing cells represented virus-infected cells.

Human enteroviruses comprise a large group of patho-
gens that are subdivided into four species—A, B, C and D—
with more than 100 different serotypes. All the enterovirus
serotypes investigated to date, in prospective studies, islet
cell culture or animal studies, appear to include strains with
the ability to damage beta cells. In contrast to previous
studies that used serotype-specific methods, recent progress
in the field of enterovirus-associated type 1 diabetes has, to
a large extent, involved the application of enterovirus
group-specific verification procedures. There is an antibody
on the market (clone 5D8/1; Dako, Glostrup, Denmark) that
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seems suitable for the detection of vp1 in paraffin-
embedded tissues. Thus, the majority of studies that have
used immunohistochemical staining for the detection of
enteroviruses, including the study by Richardson et al., have
employed this monoclonal antibody [2, 5, 6]. These studies
rely on an immunohistochemical staining method that shows
high sensitivity for the detection of enteroviruses, since this
antibody is targeted to the highly conserved immunodom-
inant region of the capsid protein and can therefore react
with a wide range of different enterovirus serotypes. High
sensitivity of an antibody may be beneficial in a preliminary
search for virus infections, but it may also bring problems in
terms of non-specific reactions. The observation of positive
staining of focal pancreatic centoacinar cells and smooth
muscle cells by the Dako anti-vp1 serum in some adults
described by Richardson et al. [5] indicates that there is non-
specific staining by this antibody in pancreatic tissues,
because enteroviruses have never been shown to be capable
of infecting these types of cells. The finding of occasional
non-specific binding to cellular proteins by this Dako
antibody is supported by immunohistochemical staining of
hearts from patients with dilated cardiomyopathy, illustrating
a considerable cross-reaction of this antibody with cellular
proteins in uninfected human cardiomyocytes [7]. It should
be noted that enterovirus signals in islets of diabetic patients
may involve only a few cells, whereas the signals in islets of
neonates who died from fulminant coxsackievirus infections
may be much more impressive [3]. Therefore, potential
positive immunohistochemical findings should be confirmed
by other methods, i.e. by isolating an infectious virus or
demonstrating the presence of virus genomes by RT-PCR or
by radioactive in situ hybridisation. The application of this
highly specific in situ hybridisation assay is facilitated by the
fact that enterovirus RNA is profoundly stable, and
Ylipaasto et al. [3] demonstrated that it is detectable in
paraffin-embedded pancreatic tissue samples older than
30 years. As no enterovirus protein is translated without
viral RNA, it is likely that positive immunostaining for vp1
in the absence of viral RNA indicates recognition of cellular
antigens by the antibody. In fact, the highly conserved N-
terminal immunodominant region of vp1 shares sequence
similarity with the known diabetes-associated epitopes of
two islet cell autoantigens, the tyrosine phosphatases
(IA-2/IAR) and heat shock protein 60/65 [8, 9]. This also
explains why the inclusion of other virus capsid-recognising
antibodies in this paper, e.g. the polyclonal antibody against
vp1 of coxsackievirus B3 [10], may not be conclusive proof
of the presence of enterovirus.

The paper by Richardson et al. [5] may reinforce the
potential relevance of enteroviruses in the induction of
diabetes. However, given the potential importance of this
finding for the field, further studies using other surrogate
markers of viral infection are needed to corroborate these
results and to establish a causative relationship between
enterovirus infection and the development of type 1
diabetes.
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