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■ Abstract 
Dendritic cells (DCs) and T regulatory (Treg) cells play a 
crucial role in maintaining the tolerance needed to prevent 
the onset of autoimmunity that leads to the development of 
type 1 diabetes mellitus (T1DM). Various experimental stud-
ies have shown that human DC subsets are involved in the 
induction of anergy in T cells and in the differentiation of 
conventional CD4+ and CD8+ lymphocytes into the respec-
tive subtypes of Treg cells. Treg cells, in turn, have been 

shown to modulate the function of DCs to exhibit tolero-
genic properties. To evaluate whether T1DM development 
is related to abnormalities in DCs and Treg cells, many at-
tempts have been made to characterize these cell types in 
diabetic individuals and in subjects at risk of developing the 
disease. This review aims to supply an update on the pro-
gress made in these aspects of T1DM research. 
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Introduction 
 

          ype 1 diabetes mellitus (T1DM) development is 
      attributed to the destruction of pancreatic islet 
      β-cells by autoreactive T cells comprising both 

CD4+ and CD8+ lymphocyte subsets. The generation 
of autoreactive T cells can be viewed as a failure of 
central and peripheral tolerance mechanisms which 
usually keep such cells at check. Among peripheral tol-
erance mechanisms, bi-directional cell-to-cell signaling 
between subsets of dendritic cells (DCs) and T regula-
tory (Treg) cells is an essential component. Moreover, 
the distinct developmental pathway(s) of CD25+CD4+ 
Treg cells in the thymus pinpoints to their role also in 
central tolerance mechanisms. 

In non-diabetic subjects, central tolerance is main-
tained through negative selection. Thymic T cells ex-
pressing high affinity TCRαβ specific for islet antigens 

are deleted through their engagement with DCs, which 
display multiple surface-bound self-antigenic peptides 
in association with major histocompatibility complex 
(MHC) molecules [1]. A decreased expression level of 
islet antigens in the thymus may result in suboptimal 
intra-thymic presentation of DCs and in impaired 
negative selection of islet antigen-specific T cells. 
These T cells may then escape into the periphery [2, 3]. 
Evidence for this cascade of events emerged from the 
finding that islet antigen-specific CD4+ T cells have 
been detected in the periphery of at-risk individuals 
and diabetic subjects [4, 5]. 

The activity of autoreactive T cells is also con-
trolled by a second security mechanism, namely pe-
ripheral tolerance. This mechanism involves the dele-
tion of autoreactive T cells by activation-induced cell 
death (AICD), anergy induction, immune deviation 
and suppression by Treg cells. AICD also operates in 
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negative selection in the thymus and plays an impor-
tant role in building up and shaping the memory pool 
of lymphocytes after antigen exposure. However, evi-
dence suggesting that abnormal AICD contributes to 
T1DM development is lacking at the present time [6]. 

Anergy induction is tightly regulated by DCs [7]. 
Under various experimental conditions, these cells 
have also been demonstrated to mediate the generation 
of Treg cells. In the context of immunoregulation, 
much interest has been focused on the characterization 
of DCs and Treg lymphocytes to gain insight into the 
question of how these cell types mediate their cross-
regulatory potential and how this mechanism can be 
exploited to prevent and possibly reverse T1DM. 

Human dendritic cells 

Human DCs are distributed in tissues and blood. 
They are composed of a heterogeneous population of 
hemapoietic cells which are phenotypically and func-
tionally different [8, 9]. As yet, three main pools of 
human DCs have been described. The first is the pool 
of CD1a+ Langerhans cells which are distributed in the 
epidermis and on mucosal surfaces. The two other 
main subsets of DCs circulate as immature precursors 
in the blood and are distributed throughout the body 
in the tissue interstitium and lymph nodes where they 
develop into mature DC. These are DC1 or CD11c+ 
myeloid DCs (mDCs) and DC2 or CD11c- plasmacy-
toid DCs (pDCs), which are derived from myeloid and 
lymphoid precursors respectively. Continuing charac-
terization has assigned phenotypes to these lymphoid 
cells. mDCs can be identified by their expression of a 
set of “myeloid markers”, which include CD11c (a β2 
integrin), CD13, CD33 (a member of the immu-
noglobulin superfamily called immunoglobulin-like 
transcript 1), CD123L (low level of IL-3Rα-chain) and 
toll-like receptor 4 (TLR4) that binds bacterial 
lipopolysaccharide [10, 11]. The relative expression 
level of CD33 has been used to categorize mDCs into 
mature (CD33H) and immature (CD33L) subpopula-
tions [12]. mDCs (DC1) reside in peripheral tissues 
where they are positioned to uptake apoptotic cells and 
microbial components in the case of pathogen inva-
sion into that tissue. A small fraction of mDCs con-
tinuously migrate to the regional lymph nodes to en-
counter T cells there, and in the absence of preceding 
contact with microbial components or inflammatory 
mediators, they remain in an immature state. The pres-
entation of self-antigenic peptides by immature mDCs 
leads to the differentiation of T cells into Treg instead 
of effector lymphocytes [13]. 

Plasmacytoid DCs (DC2) are found in the blood 
and T cell areas of lymphoid organs. The majority of 
the antigens they express are not found in mDCs. 
pDCs are characterized by their poor phagocytic capa-
bility and their high expression of CD123 (CD123H) 
for IL-3 binding and signaling, which is required for 
their survival and differentiation [14]. In addition, 
pDCs bear CD4, CD62 ligand (CD62L), CD45RA, 
ILT3 (immunoglobulin-like transcript 3), as well as 
blood dendritic cell antigen-2 (BDCA-2) and BDCA-4 
antigens [15, 16]. In their immature state, pDC are ef-
fectice producers of type 1 interferons (IFN-α) in re-
sponse to viral stimuli. Unlike mDCs, pDCs have been 
reported to exhibit greater flexibility in immune-
regulation, which either leads to the induction of im-
munity against foreign antigens or to peripheral toler-
ance. TLR7 and TLR9 expressed by pDCs facilitate 
the recognition of foreign antigens, such as single-
stranded viral RNA and CpG DNA respectively. TNF-
α and TNF-β are the principle cytokines secreted by 
pDCs, in contrast to mDCs, which produce IL-12 [17-
19]. An additional subpopulation of CD11c+ blood 
DCs, which does not express the CD123 but the 
BDCA-3 antigen, has also been reported [16]. 

Association of human DCs with the induction 
of T cell anergy and Treg cell production 

DCs are professional antigen-presenting cells 
(APCs) that express markedly higher levels of 
MHC/peptide complex and CD80/86 costimulatory 
molecules than other APCs such as mono-
cytes/macrophages and B cells. Recent studies have 
suggested that immature and mature DCs perform dif-
ferential functions: they deliver either stimulatory or 
regulatory signals to T cells to drive them towards an 
effector or regulatory phenotype respectively. While 
the accessory molecules expressed on DCs and associ-
ated with their stimulatory function are well character-
ized, knowledge on the inhibitory molecules DCs util-
ize to regulate tolerance is only starting to emerge. 

No experimental settings are available at present to 
study the anergizing and Treg cell induction potential 
of human DCs in T1DM. Our current understanding 
regarding how DCs are involved in maintaining pe-
ripheral tolerance has come from observations made in 
other experimental systems. These studies have pro-
vided evidence to suggest that DC subsets could medi-
ate anergy induction in T cells and induce the differen-
tiation of naïve and memory T cells into Treg cells. 

Induction of anergy in CD4+ and CD8+ lympho-
cytes has been shown to be mediated by primary 
(freshly isolated from blood), or cytokine-exposed 
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DCs which retain their immature states. Primary DCs 
express low levels of MHC class II and CD80/86 
molecules. Following uptake of either tetanus toxoid 
(TT) or topoisomerase 1, they could interact with 
CD4+ cells and change them to acquire the non-IL-2 
secreting (i.e. anergic) phenotype upon exposure to a 
further cycle of antigen re-stimulation [20]. For ex-
perimental settings, immature mDCs could be gener-
ated from blood monocytes after culturing them in 
GM-CSF and IL-4 containing medium [21]. Human 
DCs derived under these conditions would process 
thyroid peroxidase (TPO) and present self-antigenic 
peptides of the protein to TPO-specific clones to ren-
der them anergic [22]. Human immature DCs, cultured 
in the presence of IL-10, show a modest downregu-
lated expression of MHC and CD80/86 molecules, ac-
quire the ability to produce IL-10 and are arrested 
from undergoing further maturation [23, 24]. These 
pre-conditioned DCs are found to acquire tolerogenic 
properties that induce anergy in allospecific or autolo-
gous CD4+ cells. They also anergize influenza he-
maglutinin-specific CD4+ lymphocytes, as is evident by 
their significant loss of IL-2- and IFN-γ-producing 
properties upon re-stimulation with the respective an-
tigens [25]. Apart from rendering CD4+ cells anergic, 
IL-10-pretreated DCs are also capable of inducing an-
ergy in tyrosinase-specific CD8+ cells, where they are 
found to be no longer capable of lysing human leuko-
cyte antigen (HLA) class 1-matched targets expressing 
the corresponding tumor antigen [26]. 

Primary pDCs are immature and would not readily 
undergo further differentiation when cultured in dif-
ferent cytokine-conditioned media. However, the func-
tion of primary pDCs can be modified by exposing 
them to various external stimuli. pDCs activated by 
CD40L after culturing in IL-3 are shown to increase 
their surface expression of HLA class 1 and class 2 
molecules as well as CD54 and CD40 adhesion and 
CD80/86 costimulatory molecules. These conditioned 
pDCs secrete IFN-γ and IL-12 and induce polarized 
differentiation of naïve allogeneic CD4+ cells to exhibit 
T-helper 1 (Th1) phenotypic characteristics [27]. Inter-
estingly, pDCs activated by CD40L without previous 
exposure to IL-3 secrete markedly reduced amounts of 
IL-12 as compared to mDCs treated under the same 
condition. Naïve allogeneic CD8+ cells co-cultured 
with CD40L-activated pDCs are rendered anergic, as 
can be seen in their loss of ability to differentiate to 
DC2 and lyse B cell blasts isolated from the same do-
nor [28]. 

DCs are involved in inducing intra- and extra-
thymic pools of Treg cells. In the human thymus, 

CD11c+ DCs are activated by thymic stromal lympho-
poietin (TSLP)-expressing thymic epithelial cells (also 
called Hassall’s corpuscles) to express high levels of 
CD80/86 costimulatory molecules. The activated DCs 
then acquire the ability to interact with CD4+CD8- T 
cells in a HLA-restricted manner and drive them to 
differentiate into nTreg cells bearing the 
CD4+CD25+FOXP3+ phenotype, which are exported 
to the periphery [29]. In experimental settings, several 
studies have reported that immature DCs and in vitro 
conditioned DCs that have retained their immature 
status have the capability to drive the differentiation of 
CD4+ and CD8+ lymphocytes into their respective 
regulatory phenotypes. CD4+ T cells co-cultured with 
allogeneic monocyte-derived immature DCs (CD83-) 
show early expression of cytotoxic T lymphocyte-
associated molecule 4 (CTLA-4). These cells would 
progress and differentiate into Tr1 lymphocytes with 
IL-10-secreting properties and exhibit unresponsive-
ness in another cycle of re-stimulation with immature 
or mature allogeneic DCs isolated from the same do-
nor [30]. Mature DCs, generated in vitro through expo-
sure to TNF-α, anti-CD40 antibody treatment or 
stimulation with LPS, also exhibit immune-modulatory 
properties and present antigens to autologous CD4+ 
lymphocytes, which leads to their conversion into Tr1 
cells [31]. 

The tolerizing property of DCs is typically attrib-
uted to the expression of accessory molecules with 
regulatory properties that mediate counter costimula-
tory signals to inhibit T cell activation. Thus, GM-
CSF- and IL-4 treated human monocytes exposed to 
the heavy chain of the iron-binding protein, ferritin, a 
product secreted by melanoma cells, would express 
high levels of B7-H1. B7-H1 binds to programmed 
death receptor-1 (PD-1) on T cells to deliver a negative 
costimulatory signal that drives their differentiation 
into Tr1 cells [32]. Another phenotypic modification 
tolerogenic DCs acquire is IL-10 secretion. Immature 
DCs, derived from GM-CSF- and IL-4-cultured blood 
monocytes exposed to 1α,25-dihydroxy vitamin D3, 
produce IL-10 and become less potent in stimulating 
the proliferation of allogeneic T cells [33]. 

Whether immature and mature pDCs are capable 
of inducing the differentiation of Treg cells has been 
addressed in several studies. Treatment of primary 
pDC precursors bearing the CD4+CD11c-CD3-CD14-

CD1-CD20- phenotype with IL-3 and CD40L results 
in conditioning of pDCs capable of inducing naïve al-
logeneic CD8+ cells to differentiate into Tr1 cells that 
secrete IL-10. These cells effectively suppress the pro-
liferation of autologous naïve CD8+ on allogeneic 
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monocyte stimulation [34]. A continuing study shows 
that pDCs generated under these conditions are phe-
notypically mature. They express high levels of ICOSL 
that interact with ICOS on naïve CD4+ cells to induce 
their polarized differentiation into IL-10 producing 
Tr1 cells [35]. Interestingly, apart from mediating po-
larized Tr1 differentiation of naïve CD4+, pDCs but 
not CD11c+ DCs, are shown to induce the conversion 
of memory T lymphocytes into regulatory T cells. This 
is shown with CD11c+BDCA-4+BDCA-1- pDCs 
through the presentation of human cytomegalovirus 
(HCMV) to autologous CD4+CD45RA- T cells iso-
lated from HCMV-infected subjects. The regulatory T 
cells bear the Tr1-like phenotype because they secrete 
IL-10, and also IFN-γ, and mediate the suppression of 
the polyclonal proliferation of autologous T cells to 
staphylococcal enterotoxin B (SEB) stimulation [36]. 

Apart from establishing the conditions for DCs to 
induce the differentiation of Tr1 or TR1-like cells, one 
study has found that signals generated via CpG ODN 

(phosphorothioate-modified) binding to TLR9 in line-
age- (lin-) CD11c-CD123+ primary pDCs result in 
upregulated expression of CD40, CD80/86 producing 
IFN-α, TNF-α, IL-6 but not IL-10, TGF-β, or IL-12. 
The activated pDCs then acquire the capability to in-
duce the differentiation of naïve allogeneic to a 
FOXP3-expressing phenotype, CD4+CD25+FOXP3+, 
characteristic of nTreg cells [37]. 

Collectively, current available experimental evi-
dence suggests that conventional CD4+ and CD8+ 
lymphocytes in the periphery could encounter imma-
ture DCs, or DCs that are programmed under various 
conditions and become converted into Tr1 or nTreg 
cells (Figure 1). 

Modulation of human DC functions by Treg 
cells 

Apart from suppressing effector T cell targets, a 
few studies have addressed the question of whether the 
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Figure 1. DCs in the induction of anergy in CD4+, CD8+ and Treg cells. In the thymus, TSLP-expressing HC (Hassell’s 
corpuscles)-primed DCs interact with a population of CD4+CD8- precursor cells and convert them to nTreg cells. In the pe-
riphery, CD4+CD8- and CD8+CD4- lymphocytes, positively selected in the thymus, interact with immature mDCs or pDCs; 
or these DC subsets programmed under different conditions become anergized or differentiated into Tr1 or nTreg cells. 
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function of DCs is also modulated by Treg cells and of 
whether this mechanism can contribute to maintaining 
tolerance. An in vitro study shows that anti-CD3 and 
IL-2-activated human CD4+CD25+ T cells suppress 
the maturation of allogeneic DCs generated from GM-
CSF- and IL-4-conditioned monocytes. This was veri-
fied by the significantly lower level of CD83, HLA-DR 
and CD86 molecules expressed on CD40L-treated 
DCs and by the fact that the activated DCs have ac-
quired the property to secrete more IL-10 [38]. An-
other study shows that anti-CD3- and anti-CD28-
activated CD4+CD25high T cells preferentially suppress 
TLR4-mediated maturation of allogeneic primary 
CD11c+ DCs and not CpG (ODN) activated BDCA4+ 
DCs, in a cell-to-cell contact manner by downregulat-

ing their surface expression of CD80/86 molecules 
[39]. Apparently, the regulatory function of 
CD4+CD25+ T cells activated by anti-CD3 and anti-
CD28 monoclonal antibodies could render autologous 
primary monocytes, primary CD11c+ mDCs as well as 
GM-CSF- and IL-4 conditioned monocytes to secrete 
IL-10. This, in turn, acts in an autocrine fashion to 
trigger the DCs to express B7-H4, a molecule that 
counteracts the costimulatory signals required for T 
cell activation [40]. 

Figure 2 shows how cross-regulation of nTreg cells 
in the CD4+CD25+ lymphocyte population can induce 
allogeneic monocytes, CD11c+ mDCs, autologous 
primary and conditioned monocytes to acquire the 
tolerogenic IL-10-producing phenotype. 

Abnormal DCs in human diabetic in-
dividuals 

Given that DCs play crucial roles in main-
taining peripheral tolerance, which is needed 
to prevent autoimmunity, investigations have 
been conducted to address whether abnor-
malities exist in DC generation and function in 
diabetic individuals. An early study shows that 
primary monocytes isolated from individuals 
between 3 and 58 years of age with established 
T1DM, who are receiving insulin therapy, ex-
hibit a significant loss of the potential to be-
come differentiated into DCs under in vitro 
culture conditions. The cells also exhibited a 
reduced capability to stimulate autologous and 
allogeneic T cells in the mixed leukocyte reac-
tion (MLR) as compared to those fractionated 
from non-diabetic controls [41]. Later studies, 
conducted with monocytes isolated from at-
risk children and diabetic adults, have similarly 
found that freshly isolated monocytes from 
these groups of subjects possess reduced abil-
ity to become differentiated into DCs upon 
exposure to GM-CSF and IL-4 [42]. Mono-
cytes from recent-onset diabetic children, kept 
in GM-CSF- and IL-4-conditioned medium, 
could differentiate normally into DCs [43]. 
However, results obtained from another study 
involving a similar cohort of recent-onset 
T1DM and at-risk children have suggested 
that monocytes in these individuals are less 
readily converted into CD11c+ DCs [44]. This 
shows that the potential of monocytes to dif-
ferentiate into regulatory phenotypes deterio-
rates during disease development. 
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Figure 2. Induction of tolerogenic DCs by Treg cells. 
CD4+CD25+ cells that contain nTreg cells upon activation could 
halt the maturation of either allogeneic monocyte-derived DCs or 
primary allogeneic DCs, which exhibit tolerogenic function. Acti-
vated CD4+CD25H lymphocytes could mediate the conversion of 
autologous primary CD11c+ mDCs, autologous primary mono-
cytes, and conditioned monocytes to acquire the IL-10-secreting 
phenotype with tolerogenic property. 
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Studies that assess frequency variation and func-
tional changes of primary DCs (not monocyte-derived) 
in separate cohorts of diabetic subjects have generated 
mixed results. Staining of blood CD11c+ and CD123+ 
subsets of DCs in at-risk, recent-onset T1DM and es-
tablished T1DM subjects reveals that the overall in-
crease in DC numbers in these individuals is signifi-
cantly higher than in healthy controls. Further analysis 
of the DC subsets in the diabetic group of individuals 
shows that a selective reduction in their DC1 cells has 
occurred and has contributed to a decreased DC1:DC2 
ratio as compared to that calculated for non-diabetic 
subjects. DCs in diabetic subjects exist in a more acti-
vated form, based on their higher surface expression of 
HLA-DR molecules, and exhibit greater IFN-α secret-
ing capability [45]. In adults with established T1DM, 
the frequencies of their CD11c+ and CD11c- cells are 
within the range of normal subjects [46]. However, the 
DCs of these patients exhibit functional defects as they 
produce a reduced amount of IFN-α following their 
activation with CD40L [47]. The main observation 
made from studies conducted in children diagnosed 
with recent-onset T1DM and young diabetic adults is 
that their CD11c+ and CD123+ DCs are present at 
lower frequencies than those detected in age-matched 
non-diabetic controls. However, DCs from both 
groups of subjects are found to express comparable 
level of HLA-DR and CD80/86 molecules and neither 
of the DC subsets appears to secret abnormal level of 
cytokines such as IL-2, IL-10, IL-6 and TNF-α [48]. 

CD11c+ and CD123+ DCs are present in very low 
numbers as compared to other cell types in the blood 
[49]. Some investigators have therefore taken the ap-
proach that characterizes monocyte-derived DCs in 
order to evaluate their association with T1DM devel-
opment. DCs generated from adherent cells in the 
PBMCs of at-risk children and adults in GM-CSF- and 
IL-4-supplemented cultures express lower levels of 
CD80/86, and are significantly less effective in stimu-
lating T cells in autologous and allogeneic MLRs [43]. 
However, in another similar study performed with re-
cent-onset T1DM and at-risk children, where periph-
eral blood adherent cells were also used to generate 
DCs, no aberrant surface expression of CD80 on their 
DCs was observed [45]. There are two other investiga-
tions that have examined DCs generated from CD14+ 
and CD34+ monocytes cultured in GM-CSF- and IL-
4-conditioned medium. However, they report different 
results from their respective cohorts of diabetic sub-
jects. 

CD14+ monocyte-derived DCs from recent-onset 
T1DM children and age-matched control subjects 

show similar levels of HLA-DR and CD80/86 mole-
cule expression, cytokine production and stimulatory 
activity in MLR [44]. Dendritic cells, produced from 
CD34+ monocytes isolated from children with estab-
lished T1DM under the same conditions, express 
lower CD80/86 molecules, secrete less IL-12 but more 
IL-10 and are less potent in stimulating allogeneic T 
cells in MLR [50]. Recent studies suggest that DCs 
generated from CD14+ and CD34+ monocytes are 
similar in their phenotypic and functional characteris-
tics [51]. It is therefore supposed that the different ob-
servations made in these studies are related to the hu-
man individuals who were investigated. 

Human Treg cells and their association with 
T1DM 

Different subpopulations of Treg cells within the 
CD4+ and CD8+ subsets regulate the immune re-
sponses elicited by effector CD4+ and CD8+ T cells. 
The best studied cells are the thymus-derived natural 
Treg (nTreg) cells with the CD4+CD25+FOXP3+ phe-
notype that could operate through various mechanisms 
at their disposal in suppressing their CD4+ and CD8+ 
effector targets [52, 53]. The CD4+ Tr1 cells were gen-
erated in vitro from non-activated CD4+ lymphocytes 
via repeated stimulation with various kinds of antigens 
in the presence of IL-10. They are functionally charac-
terized as secreting high and moderate levels IL-10 and 
IFN-γ respectively [54, 55]. Th3 cells are antigen-
induced Treg cells that secrete TGF-β as the principle 
cytokine. They can be generated via oral administration 
of (auto)antigens. In multiple sclerosis patients they 
were generated via oral administration of basic protein 
and proteolipid protein antigen as an immune-
intervention treatment [56]. Allospecific CD8+CD28- 
lymphocytes with suppressive activity against alloreac-
tive CD4+ cells are found in allo-and xenograft trans-
plant subjects [57]. With all these types of Treg cells, 
attempts have been made to evaluate whether aspects 
of cell number, frequency, phenotype or function of 
nTreg are associated with T1DM development. 

Frequency analyses of nTreg cells in the PBMCs of 
human subjects have been carried out in children diag-
nosed with recent-onset T1DM and in adult diabetics, 
as well as in the offspring of parents who carry the risk 
alleles DQA1*05, DQB1*0201 and DQB1*0302. The 
analyses revealed that the number of circulatory 
CD4+CD25+ cells was significantly lower in these indi-
viduals compared with age-matched controls and indi-
viduals whose parents carry low risk alleles 
(DQB1*0301 and DQB1*0603 and DQB1*0602) [58, 
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59]. On the other hand, some groups of adults with 
established T1DM were found to have levels of 
CD4+CD25+ cells comparable to those detected in 
HLA-and age-matched non-diabetic individuals [60, 
61]. Surprisingly, in a study conducted with a group of 
LADA patients, the frequencies of CD4+CD25+ cells 
were found to be even higher than those detected in 
T2DM and healthy subjects. FOXP3 mRNA analysis 
revealed that there was significantly less message pre-
sent in the CD4+ cells of these patients [62]. Evalua-
tion of CD4+CD25high cell frequencies in children di-
agnosed with recent-onset T1DM and adult diabetics 
revealed that they are similar to those found in the re-
spective control subjects [63]. For teenagers and young 
adults diagnosed with recent-onset T1DM and estab-
lished disease, the frequencies of CD4+CD25+ 

FOXP3+ cells have remained relatively stable over a 
period of several months and are no different from 
those detected in age-matched adult healthy controls 
[61]. The discrepancies in these findings are not clear 
at the present time. Obviously, T1DM is a complex 
disease caused by multiple factors. The number of 
nTreg cells detected in the different groups of patients 
recruited for the studies may not serve as a primary in-
dicator associated with the stages of the disease which 
these patients are at. 

Information gathered from functional studies sug-
gests that CD4+CD25+ lymphocytes from adult sub-
jects with recent-onset T1DM exhibited reduced capa-
bility to suppress mitogen-stimulated proliferation and 
IFN-γ secretion of autologous CD4+CD25- cells [64]. 
Dysfunction of CD4+CD25+ is also found in children 
with recent-onset T1DM and adult diabetics as judged 
by their significant loss of suppressive activity against 
anti-CD3 and anti-CD28 stimulated autologous CD4+ 

CD25- cells [64]. 
In contrast to nTreg lymphocytes, Tr1 cells specific 

for islet antigens have not been detected in diabetic 
subjects at the present time. It is however, worth men-
tioning that glutamic acid decarboxylase (GAD)-
specific Tr1 cells with an IL-10 secreting phenotype 

are found in prediabetic NOD mice. They could be 
isolated with tetramers containing GAD epitopes. 
They were observed to suppress cytokine production 
of CD4+ lymphocytes upon stimulation with GAD 
peptides and to confer protection in prediabetic ani-
mals [65]. Another study demonstrated that Tr1, to-
gether with nTreg (CD4+CD25+FoxP3+) cells, can in-
duce tolerance by a combined administration of rapa-
mycin and IL-10 in prediabetic NOD mice. While 
nTreg cells accumulate in the pancreas, Tr1 lympho-
cytes are located in the spleen to stop the escape of 
autoreactive T cells into the draining lymph nodes, 
thus preventing them from reaching the pancreatic is-
lets of the diabetic animals [66]. 

Conclusion 
Observations made from various in vitro experimen-

tal systems have contributed to our understanding of 
the involvement of DC subsets in the induction of an-
ergy in CD4+ and CD8+ lymphocytes. We have also 
learned how Treg cells differentiate from conventional 
CD4+ and CD8+ cells. However, experiments are miss-
ing which show if DCs from diabetic subjects could 
render islet antigen-specific T cells anergic or cause po-
larized differentiation of conventional T cells to Treg 
cells. Recent studies have also suggested that T reg 
cells are able to cross-regulate the function of DCs. 
How effectively this mechanism works in diabetic sub-
jects needs to be clarified. 

The many studies undertaken to characterize the 
phenotypic and functional characteristics of DC sub-
sets and Treg cells in T1DM individuals are valuable, 
as they could generate information to answer many 
questions regarding the relation between DCs and 
Treg cells in the T1DM setting. Unfortunately, mixed 
results have been reported from these studies. Con-
tinuing efforts are therefore needed to clarify these 
discrepancies and to provide downstream design of 
novel immune-intervention strategies for the preven-
tion of T1DM development. 
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