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T ype 1 diabetes mellitus is an autoimmune
disease targeted on the � cell. Its incidence
is regularly increasing so that some coun-
tries like Finland are experiencing very
high levels (50/105 per year). It is a multi-

factorial disease characterised by the development of
an abnormal immune response against beta cells of
pancreatic islets of Langerhans, in a predisposed ge-
netic background, which is barely identified. The hy-
pothesis has been raised that environmental factors
might trigger the disease. This is a highly multigenic
disease. Autoimmune reaction is targeted against mul-
tiple auto-antigens expressed by � cells and mostly
non specific of these cells. Several good animal mod-
els of this disease are available, such as the NOD
mouse and the BB rat.

The origin of the disease raises two major ques-
tions. The first one is related to the respective role of
Langerhans islet abnormalities and immune system
abnormalities in its onset. The second one states that
no environmental factors may really intervene in its
onset. Such an hypothesis is opposed to the classical
scheme of autoimmune diseases triggered by an envi-
ronmental factor, responsible for the rupture of toler-
ance of lymphocytes towards self antigens expressed
by a target, such as the � cell.

m DIABETES: AN AUTOIMMUNE
DISEASE

Transfer experiments performed in animal models
have established that type 1 diabetes can be transfered
to naive animals (for instance recipients with the NOD

genetic background but presenting with the SCID or
RAG mutation and devoided of lymphocytes) by T
lymphocytes from diabetic animals. Transfer is also
possible with bone marrow lymphocytes or islet-
infiltrating T lymphocytes. More recently, it has been
shown that diabetes can be induced in naive NOD
recipients by injecting cells lines of CD4+ T cells that
are specific of different self-antigens expressed by �
cells (glutamate decarboxylase, I-A2, insulin, HSP
65).

Other experiments has shown that autoimmune dis-
ease cannot be summarised by the activation of effec-
tor lymphocytes. Cotransfer experiments have demon-
strated the existence of regulatory cells in non diabetic
animals or in diabetes-prone animals, able to slow
down the development of diabetes. Several kinds of
regulatory cells have been identified, such as CD4+ T
cells in the thymus or the speen of non diabetic ani-
mals, particularly young NOD mice; once injected in
irradiated NOD recipients or SCID NOD recipients,
these cells can prevent the induction of diabetes by the
transfer of spenic T cells procured from diabetic ani-
mals. In a recent model developed in collaboration
with Docteur Philip AVNER (Institut Pasteur), we
obtained congenic mice with the NOD background,
but harboring different fragments of a small telomeric
region of chromosome 6 from C3H mice. We ob-
served that some of these congenic mice were par-
tially protected from diabetes. Among two protected
strains, we have demonstrated the presence of regula-
tory CD4+ T cells expressing either the α chain of the
high affinity interleukin-2 receptor (CD25), or the
adhesion molecule CD62L+. Different populations of
regulatory cells able to block the development of dia-
betes have been defined in the NOD mouse model in
addition to the previously mentioned CD4+ T cells,
such as TNK cells and CD4+ Th2 cells. Agnès Lehuen
has established that the defect in TNK cells in NOD
mice was corrected in transgenic mice expressing the
invariant α chain of T receptor in the NOD genetic
background, which is characteristic of T NK cells. A
correlation between the degree of T NK cell restora-
tion and the degree of protection was observed in
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these transgenic mice. Besides, it has been shown that
the activation of T cells with the Th2 phenotype in the
NOD mouse, characterised by the production of IL-4,
IL-5, IL-6, IL-10 and IL-13, could protect against the
development of the disease.

Data are now available in humans that indicate the
existence of some of these regulatory cells at a low
level among patients with recent onset type 1 diabetes,
but also among patients with long-standing diabetes
(CD4+, CD25+ T cells), as well as in relatives of type
1 diabetic patients (NK T cells). By contrast, the
number of these cells is normal in non diabetic con-
trols and in type 2 diabetic patients.

m THE ONSET OF THE AUTOIMMUNE
DISEASE

The main question of the mechanisms leading to
the rupture of tolerance of lymphocytes towards anti-
gens expressed by � cells during type 1 diabetes
remains unresolved. The hypothesis of a primary islet
abnormality or, on the other side, of a primary defect
of the immune system, and the hypothesis of the role
of an environmental factor triggering the disease are
still unclear. Circulating T cells expressing a �-cell
antigen-specific receptor can be detected in every in-
dividual. However, these cells are physiologically tol-
erant, i.e., they do not get activated against their spe-
cific target. Several experimental models have
established that it was possible in normal animals to
induce an autoimmune diabetes through modifications
involving the immune system exclusively.

In a transgenic mouse model, Nora Sarvetnik was
able to establish that the �-cell targeted expression of
a cytokine gene, γ interferon, can lead to insulitis an
autoimmune diabetes mediated by �-cell antigen-
specific T cells. She also has shown in an other model
that the expression of the same transgene under the
control of a different promotor, i.e., the promotor of
the α chain of the acetylcholine receptor, did not
induce diabetes but rather a myasthenia due to the
overexpression of the γ-interferon gene in the neuro-
muscular jonctions. Thus it is an exclusive defect of
the immune system that triggers the autoimmune dis-
ease in this model.

Experiments performed in the NOD mouse have
also demonstrated that disease could be linked with
hematopoietic stem cells exclusively. C3H/HeN mice
devoided of functional T cells (bearing the nude mu-
tation) develop an autoimmune diabetes when they are
reconstituted with NOD mouse bone marrow cells. On
the other hand, it has been shown that NOD mice
reconstituted with hematopoietic stem cells from mu-
rine strains not predisposed to diabetes (Balb/cnu/nu
ou (NOD × C57Bl/6) F1) were protected from the
disease.

In human diabetes, the striking remanence of the
disease in patients transplanted with the hemipancreas

of their monozygotic twin that is discordant for the
disease, in some instances over 20 to 30 years follow-
ing the onset of diabetes, thus at a stage where the
totality of � cells has been destroyed for numerous
years, clearly indicate the high recurrence of the dis-
ease and its dependancy upon primary defects in the
immune system of type 1 diabetic patients. Character-
ization of CD8+ T cells that recognise antigens pre-
sented by class 1 histocompatibility molecules such as
� cells, allowed us to show that several decades fol-
lowing the onset of type 1 diabetes, among subjects
treated with insulin for years, proinsulin peptides-
specific T cells could be detected, including cells spe-
cific for C-peptide determinants or for the leader re-
gion of proinsulin. This indicated the absence of any
relationship of these detected T cells with the exog-
enous injected insulin, and thus the long term rema-
nence of the autoimmune disease.

m ENVIRONMENT OR GENES?

One of the major surprises brought by the studies
performed in animal models is the absence of any
dependence of the disease towards environmental fac-
tors. In the NOD mouse model as well as in the BB rat
model, disease can be observed under conditions
where animals are protected against any specific
pathogens, or even under gnobiotic conditions. Thus
in these models, the disease is not triggered by envi-
ronmental factors. Noteworthy, in both models, and
particularly in the NOD mouse model, every animal
raised under the same conditions and from the same
litter does not get the disease. Only 90% of female and
10 to 30% of male NOD mice will develop diabetes
whereas mice bear the same genetic background and
are influenced by the same environment. This obser-
vation is similar to the finding of the frequent discor-
dance, among humans, ot diabetes incidence in
monozygotic twins (50-70%). Thus it seems that un-
der the usual conditions, the NOD mouse as well as
the BB rat develop the disease for the sole reason of
the association of genes constituting a predisposing
background. However it is possible to induce an acute
disease following a viral infection. In the BB rat
model, the infection of rats with the Kilham virus
induces in diabetes-resistant BB rat strains an acute
diabetes. The interpretation of these data is complex,
in that the infection of diabetes-prone BB rat strains
does not induce an acute diabetes and does not modify
the evolution of the disease in these animals. In the
NOD mouse model, the injection of cyclophospha-
mide, an immunosuppressant, triggers an acute diabe-
tes, but no pathogen has been identified so far, able to
reproduce the action of cyclophosphamide. In this
model, by contrast, it has been shown that the infec-
tion with different pathogen agents, for instance the
choriomeningitis lymphocytic virus at birth or at few
weeks of age, could induce a protection towards the
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triggering of the disease. These data gathered in ani-
mal models underline the complexity in the analysis
of epidemiological studies performed in humans, as
these are able to suggest the abnormal prevalence of
some infections among subjects with the disease,
without allowing to clearly indicate that such identi-
fied infectious agents have a protective or inductive
effect towards the development of diabetes.

The animal situation thus features the identification
of a series of defects in the immune system, unable
when analysed individually to contribute to the devel-
opment of the disease, which in fact may result from
their combination. Thus defects in hematopoietic stem
cells, abnormalities in the maturation of regulatory
cells (TNK cells, TCD4, CD25+ and/or CD62L+
cells) that have been previously detailed, have been
shown in the NOD mouse, as well as numerous other
abnormalities: apoptosis defects in lymphocytes, de-
fects in the negative selection of T lymphocytes in the
thymus, defects in T cell response through their anti-
gen receptor, defects in the production of Th2 cytok-
ine (IL-4), defects in the maturation and functional
abnormalities of antigen presenting cells (macroph-
age, dendritic cell).

Genetic studies (genom scan) performed in the
human disease as well as in the BB rat or the NOD
mouse models indicate the unexpected multiplicity of
genetic markers linked with the disease (> 15). In the
majority of the suspected genetic regions, genes im-
plicated in the predisposition to diabetes are unknown.
The two or three genes that have been identified so far
in man and in mouse are characterised by the fact that
they do not correspond with mutations such as those
described in monogenic genetic diseases, while they
most probably represent variants coding for molecules
with a normal function, but only different from the
variants present in non predisposed individuals. It is
possible that each genetic variant which association
constitutes the genetic background defining the predis-
position to diabetes gives a functional mark to the
immune system, thus favoring the development of the
disease. It is possible that the association of these
variants allows the development of the disease in the
majority of individuals in a stochastic way, indepen-

dently from the involvement of any environmental
factor. It is also possible that whatever determines the
development of the disease on a predisposed genetic
background is dependant of environmental factors that
have a protective role towards the disease. Such hy-
potheses do not rule out that, under certain circum-
stances, an environmental agent may acutely trigger
the disease. In experimental models, the introduction
of cyclophosphamide in the NOD mouse, the infection
with the Kilham virus in the BB rat, or the introduc-
tion of major mutations (such as the invalidation of a
gene) can induce an accelerated diabetes. This is the
case in the NOD mouse when the gene coding for a
coactivation molecule of T cells (CD28) or its coun-
terpart on antigen presenting cells (B7.1) is inacti-
vated under the NOD genetic background.

However, genetic data obtained in humans indicate
the possible role of islet abnormalities in the develop-
ment of the disease. Thus, this is the case of the
identification, in addition to major histocompatibility
complex class 2 genes (IDDM1), of a second suscep-
tibility gene directly influencing the expression of the
insulin gene in response to glucose, a VNTR localised
5’ from the insulin gene (IDDM2). Yet, it has been
underlined that this genetic variant was susceptible to
influence the insulin gene expression in the � cells
(which data are contradictory), but also in the thymus
where the expression of the insulin gene directly in-
fluences the selection of T lymphocytes that will con-
stitute the peripheral pool of T cells of an individual.
In a recent model where we have invalidated the
expression of the gene of one of the two isoforms of
murin insulin in the NOD genetic background, proin-
sulin, we observed an acceleration and an increase of
diabetes prevalence. We have shown that this accel-
eration intervenes while the absence in the expression
or the proinsulin 2 gene in the thymus was responsible
for the peripheral passage of T lymphocytes that are
specific for an insulin peptide that are not observed in
conventional NOD mice. This may be the indication
that, while influencing the selection of peripheral T
lymphocytes repertoire, the genetic variants of the
insulin gene can act on the predisposition towards
type 1 diabetes.
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