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Type 1 diabetes is a T cell mediated autoimmune disease
where both central and peripheral mechanisms effect T cell
tolerance induction. Dendritic cells (DCs) are key regulators of
innate and adaptive immune responses. They significantly
contribute to central and peripheral T cell tolerance and,
following maturation, induce the activation and differentiation
of naive T cells into effector and memory cells. DCs are also
major actors in inflammation. Given these multiple effects on
immune responses, DCs are suspected to contribute to
autoimmune diseases. In this review we discuss how some
specific features of DC may contribute to type 1 diabetes.
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Introduction

Dendritic cells (DCs) constitute a heterogeneous collec-
tion of professional antigen presenting cells (APC) with
different phenotype, tissue localization and function
[1,2]. Each DC subset derives from a common myeloid
precursor. Plasmacytoid DC (pDC) differentiate in the
bone marrow (BM) and immature pDC access lymphoid
organs and, under some restricted inflammatory con-
ditions non-lymphoid tissues, through the blood circula-
tion. Conventional DC (¢cDC) are the second
heterogeneous population of DC found in lymphoid
organs and non-lymphoid tissues. Unlike pDC, cDC
derive from a common pre-DC precursor that differen-
tiates in lymphoid and non-lymphoid tissues. T'wo major
¢DC subsets are found in lymphoid organs, namely the
CDB8a*Sirpa CD11b~ and CD8a ™ Sirpa*CD11b* ¢DC,
referred to thereafter as CD8* and Sirpa* DC respect-
ively. These two subsets are also found in non-lymphoid

1,2,3

tissues but express a different phenotype. In peripheral
tissues, CD103"CD11b~ and CD103 " CD11b" ¢DC are
the counterparts of the lymphoid CD8" and Sirpa™ DC
subsets, respectively. The CD103”CD11b™ subset, how-
ever, also includes monocyte-derived DC in lymphoid
and non-lymphoid tissues.

¢DC have a unique capacity for CD4 and CDS8T cell
priming and CD8"DC are exquisitely efficient at cross-
presenting exogenous antigen to CD8T cells [1-3]. pDC,
on the other hand, are characterized by their rapid and
massive production of type I interferon (IFN) in response
to TLLR7/9 engagement with nucleic acids [4]. Although,
they present antigen to both CD4 and CDS8T cells, pDC
are not essential for the initiation of most immune
responses. cDC and pDC contribute to central and per-
ipheral T cell tolerance (see below).

Thymic dendritic cells and central tolerance

In contrast to the DCs found in other lymphoid organs,
thymic DC (tDC) possess high antigen-presenting
capacities and are able to cross present antigens to
CDS8T cells in the absence of danger or inflammatory
signals [3]. These features likely allow for optimal self-
antigen presentation and therefore tolerance induction.

The relative contribution of the different tDC subsets to
central tolerance /7 vivo is still poorly understood. How-
ever, substantial evidence indicates that tDCs contribute
to CD4 and CDS8T cell deletion as well as to natural
regulatory T cells (nTreg) generation i vivo.

Thymic DC are found in close interaction with medullary
thymic epithelial cells (mTEC), a strategic localization
that may optimize the uptake of peripheral tissue specific
antigens ('T'SA) expressed by mTEC [5]. Indeed, among
the different stromal and hematopoietic cells of the
thymus, only tDC are able to present TSA to CD4T
cells iz vitro [6]. In transgenic mice expressing the model
protein antigen ovalbumin (OVA) under the rat insulin
promoter leading to ectopic expression of OVA in mTEC,
the deletion of OVA-specific CD4T cells was mediated
by tDC exclusively while both mTEC and tDC induced
deletion of CDS8T cells [7]. Similarly, in transgenic mice
with Azze promoter-driven expression of model protein
antigens selectively in mTEC, tDC were found to con-
tribute to CD4T cell deletional tolerance [8-10]. Inter-
estingly, in these experimental models mTEC mainly
induced the development of nTreg [8,9]. Although sev-
eral additional studies highlighted the role of mMTEC in
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inducing n'Treg cell development, tDC are likewise
efficient nTreg inducers [11-13].

Induction of central tolerance by peripheral
DC

Thymic CD8" DC derive from BM-precursors that differ-
entiate locally [14]. In agreement with their BM devel-
opmental pathway, thymic pDC are mainly of peripheral
origin. Recent studies showed that about 30% of thymic
Sirpa® DC correspond to peripheral Sirpa™ ¢cDC homing
to the thymus [15°]. Quite remarkably, both peripheral
immature Sirpa™ ¢DC and pDC were shown to transport
antigen deposited in the skin to the thymus [16°,17°,18°].

Homing of peripheral DC to the thymus was therefore
proposed as an additional mechanism of central tolerance
to peripheral tissue antigen. This mechanism may not
only extend the pool of self-antigens presented locally for
central tolerance but may also integrate the antigenic
diversity generated by post-translational modifications
that may occur in different tissues (see below). Whether
this mechanism actually contributes to central tolerance
remains an open question.

Migratory DC found in non-lymphoid tissues continu-
ously traffic to draining LN through afferent lymphatics
under steady state conditions, thereby contributing to
peripheral self-tolerance. Most DC remain and die
within draining LN but a minute fraction, estimated at
around 20 000 DC/day, can reach the efferent lymphatics
and subsequently the blood circulation [19]. Only 0.2% of
circulating DC, corresponding therefore to 40-80 cells/
day, may home to the thymus [15°]. Among those, only a
few may present peripheral tissue antigens under steady-
state conditions. In one study peripheral DC were shown
to tolerize CD4'T cells specific for an antigen expressed
in the heart, although expression of the antigen by
mTEC was not formally excluded [16°]. Older studies
however showed that circulating steady state DC do not
induce central CD8T cell tolerance in transgenic mice
expressing OVA in the pancreas [20]. Additional studies
are therefore clearly required to clarify the relative
contribution of recirculating peripheral DC in central
tolerance.

Thymus Specific Serine Protease and central
tolerance

Given the major role of mTEC and tDC at inducing
central tolerance, the antigen presenting machinery of
both cell types was expected to mirror that of peripheral
DC [21]. We found however that all tDC subpopulations,
as well as the ¢ TEC but not the mTEC, express the
Thymus Specific Serine Protease (T'SSP) while it is
barely detectable in peripheral DC [22°°], K Mahiddine,
unpublished observation). In Human, prss/6, the gene
coding for TSSP, is associated with a diabetes suscepti-
bility locus [23]. However, no functional polymorphisms

were detected in prss/6 and 'TSSP is similarly expressed
in diabetes-resistant or susceptible mice strains ([24,25]
and K Mahiddine, unpublished observation). Remark-
ably, we found that TSSP-deficient NOD mice are com-
pletely protected from spontaneous type 1 diabetes and
severe insulitis [22°°]. We further showed that diabetes
resistance was a unique property of the CD4T cell
compartment without global alteration of the Treg com-
partment. Extensive analysis of the intra-thymic devel-
opment of several islet-specific CD4T cells showed that
T'SSP-deficiency leads to the deletion of a substantial
number of those CD4T cells by BM-derived APC.
Hence, although T'SSP-deficient NOD mice maintained
InsB9-23-specific and GAD-specific CD4T cells, around
40% of the tested specificities were not selected in these
mice, including CD4T cells expressing the highly diabe-
togenic NY4.1 CDA4T cell receptor ([22°°] and unpub-
lished observation).

Our results suggest that T'SSP, by yet unknown mech-
anisms, impairs the presentation by tDC of some TSA
and consequently limits CD4T cell tolerance (Figure 1).
The extent to which TSSP effects central tolerance may
vary with the mouse genetic background. Indeed NOD
thymocytes are exquisitely resistant to TCR induced
apoptosis [26-28]; any mechanism that may reduce anti-
gen presentation, as is the case for T'SSP in tDC, may
therefore significantly affect deletional tolerance. Such
effects may be milder in other strains of mice, an issue
that remains to be addressed.

Tissue specific antigen presentation may
generate neo-self antigens

There is a strong association between particular MHC
class II molecules and type 1 diabetes in both humans and
mice. Diabetes susceptibility class IT alleles in mice and
humans present an amino acid substitution in the peptide
binding groove that may affect not only the stability of
MHC class II peptide complexes but also the diversity
and register of peptide binding [29-31,32°°,33°°].

CDAT cell responses to the InsB9-23 peptide are thought
of as a major driver of diabetes [34]. T'wo types of CD4T
cells specific for the InsB9-23 peptide have been gener-
ated and both induce diabetes when transferred into
NOD mice. Unexpectedly, while both efficiently
responded to the InsB9-23 peptide, only type A but
not type B T cells responded to the insulin protein when
presented by spleen APC. However both type A and type
B T cells reacted with unpulsed islet DC or with spleen
DC incubated with beta-cell granules. Additional studies
suggest that the InsB9-23 peptide binds to IAg7 class 11
molecules in two different registers [30°°,31°°,32°°]. The
register recognized by type B T cells was only generated
when DC were confronted with insulin in the islets,
suggesting possible local processing events and/or high
local concentration of insulin. Chromogranin A is another
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TSSP is a critical regulator of type 1 diabetes. TSSP is expressed by all thymic but not by peripheral DC. TSSP, by yet unknown mechanisms, impairs
the presentation by tDC of some class Il binding ligands derived from islet-specific antigens (left panel). Consequently in WT NOD mice autoreactive
CDA4T cells gain access to the periphery. Since peripheral DC do not express TSSP, even in WT NOD mice, they may present these islet-antigens and
therefore stimulate the autoreactive CDAT cells that have escape central tolerance. Those diabetogenic CDAT cells are deleted in TSSP-deficient mice
(right panel). Consequently, WT but not TSSP-deficient NOD mice develop diabetes.

islet antigen targeted by highly diabetogenic BDC-2.5
and BDC-10.1 CD4T cells [33°°]. These TCRs react with
the WE14 peptide from chromogranin A, a naturally
occurring hormone generated by beta cells. While APC
isolated from islets efficiently stimulate the two CD4T
cells, high peptide concentrations were required to stimu-
late these cells. Treatment of the WE 14 peptide with the
enzyme transglutaminase generated a highly immuno-
genic peptide, suggesting that post-translational modifi-
cation may occur in the islets [35°°].

Dendritic cells in the islet of Langerhans

Like most peripheral tissues, islets of Langerhans contain
DC that are in close proximity with intra-islet blood
vessels [36,37]. In NOD mice, islets mainly contain the
two major subsets of migratory cDC, the CD103"CD11b™
and CD103 CD11b" subsets [37,38]. Both subsets
express high MHC class II levels but low levels of
CD80/CD86 and CD40 costimulatory molecules, which
reflect a semi-mature phenotype [37,38]. A similar num-
ber, frequency and phenotype of these DC subsets are
found in pre-diabetic 4-5-week old NOD mice or in
NOD-RAG ™~ and B6 mice indicating that diabetes
susceptibility is not linked to alteration in the ¢DC
composition of islets. However, unlike non-autoimmune

mice strains, NOD mice showed a progressive infiltration
of pDC within the islets [39,40°°].

Atsteady state, DC in pancreatic LN present islet-derived
antigens to CD4T cells and CDS8T cells [36,37]. The islets
of Langerhans, therefore, like other tissues, contain differ-
ent subsets of DC that migrate to draining LN and present
antigens to either CD4 or CDS8T cells. These events
generally contribute to peripheral T cell tolerance
(reviewed in [41]). In the NOD mice, however, such
presentation may promote autoimmune diabetes [42].

Dendritic cells in the development of
autoimmune diabetes

While immature steady state DC are globally tolerogenic,
mature DC drive T cell activation and effector T cell
differentiation due to enhanced expression of costimula-
tory molecules and polarizing cytokines. Danger and
inflammatory signals will induce DC maturation.

Toll like receptors (TLLR) can sense dead cells or self-
DNA that is released in the extracellular milieu when
clearance of apoptotic cells is impaired. The observation
that Myd88-deficient NOD mice are resistant to diabetes
suggests that TLR and/or other Myd88-dependent
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Dendritic cells in the initiation and development of autoimmune diabetes. Immature cDC are found in the islets of Langerhans. In the absence of danger
or inflammatory signals these DC routinely transport islet-derived antigens to the pancreatic LN. There, these immature DC induce T cell tolerance.
Unlike islets of non-diabetes prone mice, islets of NOD mice are infiltrated with pDC, B1a B cells and neutrophils starting around two weeks of age. The
physiological beta-cell death that occurs around two weeks of age leads to an accumulation of apoptotic beta cells that are not efficiently cleared in
NOD mice. Consequently self-DNA accumulates in the extra-cellular milieu and stimulates the production of anti-DNA IgG by B1a B cells and CRAMP
by neutrophils. The resulting complexes engage TLR9 expressed by pDC and induce a burst of IFNa. The cytokine IFNa will induce the maturation of
islet-infiltrating cDC, that will then activate in draining LN the islet-reactive CD4 and CD8T cells thus initiating the autoimmune process that will be

amplified by the induced, local inflammatory response.

danger sensing molecules may contribute to diabetes in
the NOD mice [43]. Recent evidence suggests a major
role of TLLRY in diabetes development [40°°].

Self-DNA stimulates pDC through TLR9. The islets of
NOD mice are infiltrated with pDC starting around two
weeks of ages as well as neutrophils and Bla cells
[39,40°°]. A set of complementary experiments suggests
a crosstalk between neutrophil, Bla cells and pDC to
generate a local inflammatory response within the islets
and ensuing diabetes. Islet organogenesis is associated
with a massive physiological beta-cell death around 2-3
weeks of age. Apoptotic cells are inefficiently cleared in
NOD mice due to a macrophage defect leading to the
persistence of DNA in the extracellular milieu. Diana

et al. showed that this DNA formed complexes with anti-
DNA IgG, produced by Bla cells, and neutrophils-
derived DNA-binding peptide CRAMP that efficiently
stimulated IFNa-production by pancreatic pDC through
TLRY (Figure 2). Blocking IFNa during that time win-
dow protected NOD mice from spontaneous diabetes.

In agreement with the role of IFNa in the initiation of type
1 diabetes, anti-IFNRA1 blocking antibodies significantly
reduced the incidence and delayed onset of diabetes, an
effect that correlated with an increase of immature DC in
pancreatic LN [44]. IFNa exerts broad effects on innate
and adaptive immunity. Notably IFNa promotes
the differentiation of monocyte-derived DC and the
maturation of DC, allowing for enhanced and sustained
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MHC class II presentation [45,46]. In addition, IFNa«a
favors cross-presentation of exogenous antigens by CD8"
DC and consequently CDS8T cell responses [47-49].
Enhanced antigen presentation and immunogenicity of
DC, and concomitant beta cell death, may lead to the
accumulation, in pancreatic LN of cohorts of DC capable of
productively activating pathogenic CD4 and CDS8T cells, a
possibility that need to be explored in more details.

Concluding remarks

Although the puzzle is far from being complete, substan-
tial experimental evidence exists for a pathogenic role of
DC in the development of autoimmune disease including
type 1 diabetes. Recent studies suggest that beta-cell
antigens may undergo post-translational modification,
thus creating new self-antigens that are not presented
in the thymus. Combined with impaired central tolerance
due to T'SSP expression in thymic DC these events may
significantly increase the autoimmune T cell repertoire to
a level that favors autoimmunity.

Evidence also suggests that both genetic and environ-
mental factors may affect beta-cells homeostasis leading
to an uncontrolled local inflammatory response that may
activate the intra-islet DC, thus preventing peripheral T’
cell tolerance.

Much work is still needed to define the different environ-
mental factors involved and to understand the molecular
interplay between the different DC subsets and other
cells of the innate and adaptive immune response that
lead to diabetes.
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