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Abstract

Autoimmunity is a well-known pathogenic component in
type 1 diabetes (T1DM). The assumption that the pathogen-
esis of type 2 diabetes (T2DM) also encompasses autoim-
mune aspects is recognized increasingly, based on the pres-
ence of circulating autoantibodies against {3 cells, self-reac-
tive T cells, but also on the glucose-lowering efficacy of some
immunomodulatory therapies in T2DM. The identification of
these autoantibodies in elderly patients with slowly progres-
sive manifestation of diabetes led to the introduction of a
distinct clinical entity termed latent autoimmune diabetes of
the adult (LADA), which combines features of both T1DM
and T2DM. The autoantibody cluster differs in patients with
LADA from patients with T1DM, but their presence indicates
steady progression towards (-cell death and subsequent
need for initiation of insulin treatment in a shorter period of
time compared to autoantibody-negative T2DM patients.
Autoimmune aspects in T2DM are not solely restricted to au-
toantibodies and thus LADA. They include the self-reactive
T cells or defects in regulatory T cells (Tregs), which have
been detected in autoantibody-negative T2DM patients as
well. One contributor to the autoimmune activationin T2DM
seems to be the chronic inflammatory state, characteristic of
this disease. Upon inflammation-induced tissue destruction,
cryptic ‘self’ antigens can trigger an autoimmune response,

which in turn accelerates B-cell death. Both innate and adap-
tive immune system components, specifically macrophages
and self-reactive T cells, contribute to an increased secretion
of inflammatory cytokines involved in inflammatory and au-
toimmune processes. However, the extent to which inflam-
mation overlaps with autoimmunity is not known. Our re-
view focuses on autoimmune involvement in T2DM, with an
emphasis on LADA and the humoral immune response, on
the involvement of chronic inflammation in autoimmunity,
and specifically the role of Band T cells as links between in-
flammatory and autoimmune reactions. We will further
stress the consequences of autoimmune activation for T”2DM
patients and present novel therapeutic approaches for
T2DM management that rely on immune modulation.

© 2014 S. Karger AG, Basel

Introduction

Autoimmunity is a highly complex, multifactorial pro-
cess defined by loss of self-tolerance and chronic excess
reactivity of B and T cells stemming danger signals re-
leased when cells or tissues undergo abnormal cell death
[1, 2]. Multiple factors are involved in its pathogenesis,
from genetics to environment [3]. Indicators of autoim-
mune involvement include the persistent presence of cir-
culating autoantibodies or self-reactive T cells which af-
fect target organs, evidence of lymphocytic infiltrates in
target organs, tissue damage, association with other auto-
immune disease, and evidence of beneficial effects from
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immunosuppressive therapy. Manifestations of autoim-
munity are detectable in numerous pathologic condi-
tions, which do not fall under the category of autoim-
mune diseases. Type 2 diabetes (T2DM) is one such ex-
ample. Sustained research over the last 30 years has
challenged the stereotypical view that T2DM is solely a
metabolic disease by identifying autoimmunity as an
overlapping feature of type 1 diabetes (T1IDM) and
T2DM, which leads to impaired insulin secretion in 3
cells and promotes hyperglycaemia [4].

Diabetes development based on combined cellular
autoimmunity and insulin resistance has been reflected
by various terms, such as double diabetes, latent autoim-
mune diabetes of the adult (LADA) or the young (LADY)
or type 1.5 diabetes mellitus. Its nosographic character-
ization is yet a matter of debate, thus many T2DM pa-
tients may go undiagnosed for autoimmune p-cell al-
terations, which may have therapeutic consequences.
LADA patients, who are generally defined by age of di-
agnosis >30 years, presence of circulating islet autoanti-
bodies, and lack of insulin requirement for 6 months
after diagnosis [5], need insulin earlier during disease
progression, are likely to respond poorly to oral anti-
diabetic mediation [6], but they could respond favour-
ably to immunomodulator therapy. However, anti-in-
flammatory and immunomodulatory therapies have
also proven effective in improving the metabolic profile
of many T2DM patients, possibly by interfering with au-
toimmune processes and thereby halting the decline of
B-cell function [7].

Obesity is by far the main underlying factor causing
T2DM and its pathological potential lies in obesity-asso-
ciated insulin resistance, activation of innate immunity
and chronic low-grade inflammation [7]. The chronic in-
flammatory state in T2DM is characterized by an in-
creased production of cytokines, most notably interleu-
kin (IL)-1p, which destroy P cells [7]. When tissue inflam-
mation-induced tissue destruction occurs, ‘self’ antigens,
which are generally not accessible to T cells, can be re-
leased from the affected tissues and thus promote autoim-
mune activation [1]. Concomitantly, many more alarm
signals such as various cytokines or extracellular matrix
breakdown products can be released into the circulation
if cellular death occurs by dysfunctional apoptosis [8].
For approaching autoimmunity in the context of T2DM,
one also has to take into account the role of apoptosis-
related molecules Fas and Fas ligand and defects in active
suppression of self-reactivity by regulatory T cells (Tregs),
immune deviations in the T-helper 1/T-helper 2 (Th1/
Th2) ratio or defects in B-cell tolerance [9-11].
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Our review focuses on existing evidence on autoim-
mune aspects of T2DM from a clinical, pathophysiologi-
cal and therapeutic perspective. We will discuss (i) clini-
cal traits and therapeutic implications of LADA patients,
since they distinctively illustrate how autoimmunity con-
nects the spectrum of T1IDM and T2DM, (ii) possible
causes of autoimmune activation in T2DM, with an em-
phasis on the immunogenic potential of chronic low-
grade inflammation as continuous supply of danger sig-
nals which activate pattern recognition receptors, and
(iii) anti-inflammatory and immunomodulating thera-
pies with anti-diabetic effects as well as anti-diabetic
medication affecting immune regulation.

LADA at the Crossroad between T1IDM and T2DM

A hallmark of autoimmune involvement in T2DM is
the presence of circulating autoantibodies. Consistent ev-
idence of islet cell autoimmunity in T2DM patients was
reported in 1997 by Turner et al. [12], with the identifica-
tion of glutamic acid decarboxylase (GAD) and islet cy-
toplasm autoantibodies in 12% of over 3,000 T2DM pa-
tients aged between 25 and 65 years, recruited in UKPDS
trial centres. In fact, evidence on the presence of circulat-
ing autoantibodies in non-insulin-dependent diabetes
mellitus in adults has gradually emerged since the late
1970s [13, 14]. In phenotypic T2DM patients older than
65 years, anti-GAD and/or anti-insulinoma-associated
protein 2 (IA-2) autoantibodies have been detected in
12% of patients [15] and the existence of subsets of pa-
tients with T2DM phenotype and islet cell autoantibodies
has been shown by several studies. To date, the largest
cohort examined for diabetes-associated autoantibodies
included over 6,000 consecutive adult-onset diabetic pa-
tients and revealed that the prevalence of adult-onset au-
toimmune diabetes in Europe was 9.7%. GAD autoanti-
bodies were detected in most of these cases, with only a
small subset of patients presenting other autoantibodies
[16]. Patients aged 30-70 years were designated with
LADA if they were autoantibody-positive and did not re-
quire insulin treatment for >6 months after diagnosis.
Overall, LADA was more prevalent than adult-onset
T1DM, i.e. autoantibody-positive patients who required
insulin treatment <6 months after diagnosis, with an OR
of 3.3 [16]. LADA is a distinct clinical entity, encompass-
ing phenotypic features of T2DM and immunological
similarities to T2DM, which have been extensively re-
viewed elsewhere [17]. Patients with LADA are heteroge-
neous, yet they tend to have distinct clinical and pheno-
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Table 1. Clinical characteristics of T2DM patients positive for GAD autoantibodies compared to T2DM patients without autoantibodies

Characteristic References
Younger age of T2DM onset (<50 years) 5, 16, 58-60
Predominantly female 16, 61
Personal or familial history of autoimmune disease 5

Higher prevalence of HLA DR3, DQ2, DQ 8 DRB1, DQB1 6,19, 58, 59
Lower body mass index (less frequently obese) 5,16, 19, 59, 61-63
Lower waist-to-hip ratio 6,16,61
Lower prevalence of concomitant metabolic syndrome 62

Lower systolic and/or diastolic blood pressure 6,16

More likely present with acute symptoms at diagnosis 5

Higher HbA . concentration 61

Lower fasting plasma insulin levels 60

Lower fasting C-peptide levels 6,19, 58,63
Impaired acute phase insulin secretion, lower insulin response to oral glucose load 6

Less insulin-resistant 60

Shorter period between diagnosis and initiation of insulin therapy 16, 19, 63
Elevated white blood cell counts, acute phase markers 36,58
Lower circulating triglyceride concentration 6,16
Higher high-density lipoprotein cholesterol concentration 16, 62
Increased risk for thyroid autoimmunity and hypothyroidism 19, 62

Less frequent cerebrovascular events 62

typic characteristics, compared to T2DM patients with-
out signs of autoimmunity: they are primarily younger,
more often present with acute symptoms though without
ketoacidosis, are less often obese and have a personal or
familial history of autoimmune disease [5]. Unsurpris-
ingly, the genetic background of patients with LADA
shares features of both T1DM and T2DM [18]. Further
clinical features reported for patients with LADA in the
literature are presented in table 1.

The phenotypic distinction between patients with low
titers of GAD autoantibodies compared with high titers
is even more pronounced [19]. High titres of anti-GAD
autoantibodies (>10,000 U/ml) are not necessarily pre-
dictive for later insulin deficiency, but are often found in
patients with specific HLA DR-DQ genotypes [6]. Inter-
estingly, LADA patients present more frequently with an-
ti-GAD and less often with islet cell antibodies (ICA) or
with both types of autoantibodies concomitantly, while
antibody clustering consisting of more than one autoan-
tibody is characteristic for TIDM [17]. Longitudinal
studies show that GAD autoantibodies and IA-2 autoan-
tibodies remain positive for up to 12 years, although IA-2
autoantibodies decrease more rapidly with disease pro-
gression, while GAD autoantibodies tend to remain high
even when C-peptide secretion becomes undetectable
[20].

Autoimmune Aspects of Type 2 Diabetes
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Autoantibodies against B cells imply ongoing im-
mune-mediated B-cell destruction, therefore these pa-
tients require insulin therapy earlier during disease pro-
gression compared to autoantibody-negative patients
with T2DM [21]. Specifically, obese and insulin-resistant
patients with LADA would require insulin earlier, as their
reduced endogenous insulin production will be rapidly
insufficient to meet the high insulin requirement. Conse-
quently, the prevention of B-cell destruction is imperative
for these patients.

Autoimmune Activation in T2DM

Depending on the immunological model one adheres
to, autoimmunity occurs due to defects in self-tolerance or
the persistence of danger signals stemming from chronic
inflammation and tissue destruction [1, 2]. The latter
model, elaborated by Matzinger [2], would favour the con-
cept of autoimmune activation in T2DM, as plenty of
pathological alterations characteristic of this disease —
such as obesity-associated chronic adipose tissue inflam-
mation and {-cell stress induced by gluco- and lipotoxic-
ity - continuously provide danger signals which cause an
activation of both innate and adaptive immunity. Danger
signals can include any molecules resulting from cellular
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Fig. 1.Islet cell autoimmunity in T2DM. Obesity and chronic over-
feeding lead to metabolic and adipocyte stress. Stressed adipocytes
secrete pro-inflammatory cytokines such as IL-1, IL-6 or TNF-q,
which activate T cells, B cells and macrophages (M). Overfeeding
and specifically increased circulating glucose and free fatty acid
concentration activates inflammatory signalling via upregulation
of the NLRP3 inflammasome and activation TLRs, which leads to
increased IL-1P production and further recruitment of macro-
phages. Hyperglycaemia contributes to an increased expression of
several -cell antigens, such as GAD, thus increasing the vulnera-
bility of B cells to autoantibodies such as anti-GAD, the most fre-
quently detected autoantibodies in phenotypic T2DM. CD8+ T
cells may act cytotoxic upon binding to MHC-I molecules on the

distress which binds to pattern recognition receptors, such
astoll-like receptors (TLRs) and nucleotide-binding oligo-
merization domain (NOD) receptors and cause a local or
generalized immune response [2]. This response consists
in the assembly of a cytosolic protein complex composed
of nucleotide-binding and leuchine-rich repeat contain-
ing proteins (NLRs) and caspase 1 which, once activated,
triggers IL-1p production [22].

Increased circulating glucose concentrations activate
the NLRP3 inflammasome while increased free fatty acid
concentration activate TLR2 and TLR4, which leads to
recruitment of macrophages and eventually -cell stress
[7]. Figure 1 summarizes our view on B-cell alterations
due to autoimmune and inflammatory mechanisms.
‘Glucolipotoxicity’-induced p-cell apoptosis could favour
the release of ‘danger signals’, autoantibody production,
and activation of T cells reactive to 3-cell antigens, culmi-
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surface of pancreatic {8 cells. Both T cells and macrophages con-
tribute to the amplification of islet inflammation by further releas-
ing inflammatory cytokines, with autocrine and paracrine effects.
IL-1p binds to its receptor IL-1R and activates NF-«B. In the pres-
ence of IL-1P, P cells upregulate Fas expression and become more
vulnerable to apoptosis induced by activated T cells via death do-
main signalling. Inflammatory alterations targeting the f cell can
cause the exposure of cryptic antigens which are then recognized
by antigen-presenting cells (APC). However, the exact involve-
ment of APC in autoimmune reactions in T2DM is unknown. In
the end, the result of all inflammatory and autoimmune reactions
is B-cell apoptosis, further reduction of insulin concentration, and
worsening of hyperglycaemia.

nating in further autoimmune destruction of p cells. In-
deed, the expression of several f-cell antigens is increased
when [ cells are stimulated by glucose and decreased
when the B cells are less active [23]. Hyperglycaemia in-
creases the expression of GAD in cultured pancreatic rat
islets [24]. Binding of ICA from sera to rat pancreas has
been shown to be dependent on the metabolic state, feed-
ing rats a high-sucrose and high-fat diet with insulin re-
leasing effects that significantly increase the binding and
the endpoint titre of strongly ICA-positive sera, com-
pared to fasting [23]. Following human and rat p-cell
treatment with elevated glucose and free fatty acids levels,
B cells undergo apoptosis [25]. From the perspective of
the ‘self/non-self’ model, the release of ‘cryptic’ p-cell an-
tigens through B-cell destruction can have immunogenic
potential too: if self-reactive T cells, which have escaped
deletion in the thymus, encounter such a -cell antigen
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presented in primary lymph nodes by dendritic cells, T-
cell priming might occur, followed by further T-cell-me-
diated B-cell destruction [26]. Stress antigens might drive
inflammation in P cells, but also in other metabolically
affected tissues in T2DM, such as adipose tissue or the
vessel wall [27].

The vast majority of T2DM patients are obese and the
risk of T2DM increases with the BMI [28]. Wilkin [29]
first introduced the hypothesis that obesity and weight
gain are crucial for inducing B-cell apoptosis. According
to the ‘accelerator hypothesis’, weight gain represents an
overlay between TIDM and T2DM. Patients who gain a
substantial amount of weight become more insulin-resis-
tant and their hyperglycaemia worsens. Hyperglycaemia
further contributes to immunogenic destruction of 3 cells
due to glucotoxicity, as discussed above [29]. Thus, ac-
cording to the accelerator hypothesis, autoimmune-me-
diated [-cell destruction occurs in both T1DM and
T2DM, but the tempo at which B-cell destruction occurs
is significantly lower in T2DM [29].

Although obesity is not a classic risk factor for autoim-
mune diseases, altered adipokine and cytokine levels de-
tected in obesity as a consequence of chronic adipose tis-
sue inflammation [30] are also reported in some autoim-
mune conditions [31]. Local and systemic inflammation
in obesity and other metabolic disorders has been exten-
sively reviewed elsewhere [32]. Stressed adipocytes se-
crete pro-inflammatory adipokines and cytokines, which
attract B cells, T cells and macrophages. Both T cells and
activated macrophages secrete pro-inflammatory cyto-
kines and chemokines, contributing to the persistence of
inflammatory reactions within the tissue and subsequent-
ly the underlying potential for autoimmune-mediated
B-cell destruction. As presented in figure 1, islets exposed
to IL-1p rapidly upregulate Fas expression, making them
more susceptible to Fas-mediated NF-kB-induced apop-
tosis, via interaction with Fas ligand, which is constitu-
tively expressed by many immune cells, including acti-
vated T cells [9, 33]. Interestingly, IL-1f and its antagonist
IL-1R levels circulate at increased concentrations in se-
rum of T2DM patients and patients with autoimmune
disease and are also predictive for the risk to develop overt
diabetes [34]. In addition to harming the f cell, pro-in-
flammatory cytokines promote the recruitment and acti-
vation of self-reactive T cells with direct cytotoxic effects
[27]. However, altered cytokine and adipokine levels do
not always match up in diabetes and autoimmune disease:
adiponectin for instance circulates at lower concentration
in obese and T2DM patients and negatively correlates
with inflammatory markers, while its concentration is in-
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creased in rheumatoid arthritis or inflammatory bowel
disease and positively correlates with inflammatory mark-
ers [35]. This seeming inconsistency points to the fact that
inflammation accompanying metabolic dysregulation
has on the one hand immunogenic potential, but does not
overlap completely with autoimmunity on the other.

Lymphocyte Function and Dysfunction in T2DM

Elevated white blood cell counts are associated with a
risk for developing T2DM (OR 1.5 (1.3-1.8)) and autoim-
munity may partly explain this association [36]. So far,
the role of monocytes and adipose tissue macrophages in
T2DM and obesity-associated inflammation has been
thoroughly investigated [37], but few studies have ad-
dressed the role of B and T cells and their products in
T2DM or obesity.

Of note, B cells seem to be the first cells to infiltrate
adipose tissue upon diet-induced obesity, even before
T cellsand macrophagesatleastin mice [38]. New Zealand
obese mice are a polygenic model of obesity and T2DM.
By disrupting the immunoglobulin heavy chain gene in
these mice, they become B-cell-deficient and do not de-
velop diabetes, which emphasizes a role of B cells and au-
toimmunity in the pathogenesis of T2DM [39]. The pan-
creas of these mice presents CD19+ B-cell-enriched im-
mune cell aggregates and plasma cells in peri-insular
leukocytic infiltrates. A B-cell subset associated with the
generation of autoantibodies was also detected in these
animals [39]. As previously mentioned, evidence of lym-
phocytic infiltrates in target organs such as the pancreas,
underlines the idea of autoimmune participation in
T2DM pathogenesis.

When compared to B cells of healthy subjects, B cells
of patients with T2DM fail to secrete the anti-inflamma-
tory interleukin-10 (IL-10) in response to stimulation
through TLR2, TLR4 or TLRY [40]. IL-10 secreted by B
cells is important for controlling autoimmune processes
[41]. Accordingly, low IL-10 production in response to
stimulation with lipopolysaccharide was associated with
a high risk for T2DM in elderly subjects [42]. It is thus
conceivable that dysfunctional B cells might add to al-
tered IL-10 production observed in T2DM.

T cells are more established players intertwined in
metabolic disorders and represent a strong link between
inflammatory and autoimmune alterations. Brooks-
Worrell et al. [43] demonstrated that islet-reactive T cells
can be found in phenotypic T2DM patients and the pres-
ence of such cells is associated with a more severe p-cell
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lesion and lower residual insulin secretion. They estab-
lished an assay to measure T-cell reactivity to islet anti-
gens and discovered the existence of a T-cell population
responsive to several islet antigens in LADA patients but
also phenotypic T2DM patients without autoantibodies
[43]. This crucial finding is another important link be-
tween autoimmunity and T2DM.

Besides self-reactive T cells, obesity is associated with
an imbalance in Th1/Th2 ratio, which leads to the secre-
tion of more pro-inflammatory adipokines, cytokines
and chemokines which help attract more immune cells in
the pancreas and adipose tissue of obese T2DM patients
[11]. Another T-cell subset, Th17, participates in the in-
duction of autoimmunity and inflammation and their
abundance is enhanced in obesity [44]. The increased
number of Th17 and CD8+ T cells in T2DM and obesity
may also link inflammation to islet autoimmune destruc-
tion. Tregs are necessary for maintaining self-tolerance
and immune regulation and include several subsets [45].
They exert their suppressive function through direct cell-
cell contact and production of anti-inflammatory cyto-
kines such as IL-10. In mouse models of obesity and
T2DM, the number of Tregs in visceral adipose tissue is
drastically reduced [46], whereas induction of Tregs re-
duces inflammation and mitigates autoimmune reac-
tions, insulin resistance and end-organ complications
[10]. However, our group could not find evidence for re-
duced Tregs in human obesity, but we could show that
inflammation correlates with markers of T-cell subsets
including Tregs in adipose tissue from obese patients
[47]. Nevertheless, the relevance of Tregs in the patho-
genesis of T2DM in humans is still poorly understood.

Immunomodulatory Treatment

Despite unequivocally being an autoimmune disease,
antigen-specific therapies have not yet found the way into
clinic routine for the treatment of TIDM. Considering
the fact that autoimmune reactions contribute to the
pathogenesis of T2DM as well, but to a limited extent,
antigen-specific therapies are still not in sight for preven-
tion or treatment of T2DM. However, keeping in mind
the prominent role of innate immune system activation
in adipose tissue inflammation and T2DM, anti-inflam-
matory and immunomodulatory therapeutic approaches
may be beneficial in improving metabolic regulation in
T2DM.

Promising results have initially been achieved by tar-
geting IL-1pB, an inflammatory cytokine with a pivotal
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role in islet inflammation in T2DM [7]. Antagonizing its
effects by IL-1R antagonist, anakinra, proved favourable
for improvement of glucose control in T2DM patients
randomized to receive either the drug or placebo for
13 weeks [48]. At the end of the treatment, a significant
reduction in HbA | levels occurred, parallel to an increase
in circulating C-peptide concentration and proinsulin, all
pointing towards an improved B-cell function. During
the follow-up period, which lasted 39 weeks and was in-
tervention-free, patients showed a pronounced decrease
in C-peptide levels and a lower ratio of proinsulin to in-
sulin [48].

One case report is definitely worth mentioning in this
context. Ursini et al. [49] showed a dramatic improve-
ment of insulin sensitivity after 12 weeks of treatment
with CTLA4 immunoglobulin (abatecept) in a severely
insulin-resistant patient suffering from rheumatoid ar-
thritis. The improvement in insulin sensitivity was not
accompanied by a reduction of systemic inflammation,
thus the authors assumed that the insulin-sensitising ef-
fect of the drug s solely attributable to T-cell suppression.

High doses of salicylates block the NF-kB pathway and
increase circulating adiponectin, an important adipokine
counteracting insulin resistance. In a randomized clinical
trial, a high dose of salsalate improved metabolic control
and HbA, levels in T2DM patients [50]. Salsalate is a
prodrug of salicylate with reduced undesirable bleeding
and gastrointestinal effects emphasizing its use as an in-
sulin sensitizer. However, recent data suggest that part of
the glucose-lowering action of salsalate is due to activa-
tion of AMP kinase [51].

Long-chain n-3 polyunsaturated fatty acids (PUFA)
are known for their anti-inflammatory actions and im-
munomodulating effects on T cells [52]. We have recent-
ly shown in a randomized controlled trial that treatment
of obese, mostly insulin-resistant but non-diabetic pa-
tients that the resolving lipid mediator precursors eicosa-
pentaenoic acid (EPA) and docosahexaenoidic acid
(DHA) lead to a reduced expression of key inflammatory
genes adipose tissue, lower circulating IL-6 concentration
parallel to a substantial increase in anti-inflammatory re-
solving lipid mediators resolvins D; and E; as well as pro-
tectin Dy [53].

TLRs can be inappropriately activated by self-compo-
nents and cause inflammation and autoimmunity and
have been hypothesized to play a role in the pathogenesis
of T2DM. TLRs are downregulated by angiotensin recep-
tor blockers and these substances protected pancreatic is-
lets and reduced adipose tissue inflammation in mice fed
a high-fat diet [54].
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Dipeptidyl peptidase (DPP) inhibitors and GLP-1 an-
alogues alter the inflammatory profile and reduce inflam-
matory cytokine secretion, while improving glucose me-
tabolism [55]. Interestingly, the DPP-4 inhibitor sitaglip-
lin reduces autoimmunity by decreasing the homing of
CD4+ cells into pancreatic § cells in NOD mice and helps
preserve islet cell mass [56].

Immunological tolerance may be induced by oral anti-
CD3 therapies, which may be clinically applicable for
chronic treatment due to the reduced side effects, includ-
ing cytokine release syndrome [57]. Since antigens in
T2DM are not well defined, induction of antigen non-
specific Tregs by oral anti-CD3 is preferable to parenter-
al administration and will be the focus of intense research
in the future.

Future Outlook

Autoimmunity may be both cause and consequence
of B-cell dysfunction, imposing in either case a further
disturbance in glucose homeostasis. The prevalence of
T2DM is on the rise and if 10% of these patients are pos-
itive for islet autoantibodies, then testing for islet auto-
antibodies as part of the diagnostic assessment in T2DM
is relevant to a great number of adult patients, as it may
contribute to the rate of progression to insulin require-
ment, particularly in the absence of gross visceral obesi-
ty. Autoantibodies indeed help distinguish adult patients
with T1IDM, LADA or T2DM, but also the presence of
self-reactive T cells in autoantibody-negative T2DM pa-
tients identifies an autoimmunity that is associated with
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the metabolic dysregulation. Finding a cause of autoim-
mune activation in T2DM in future research is surely an
interesting path worth pursuing, as the immunogenic
basis of T2DM may not be restricted to chronic inflam-
mation in many patients. The identification of autoim-
mune aspects in patients with T2DM also relies on suc-
cessful metabolic control by immunomodulatory treat-
ment that is still to be shown in the long term. Then the
proper T2DM subclassification has essential therapeutic
implications as immunomodulatory regimens might ef-
ficiently prevent or slow down autoimmune destruction
of B cells. Surely sustained future research is needed in
order to understand the complex immune interactions
relevant to T2DM, but we should remember that basic
measures in the prevention and management of T2DM
such as lifestyle changes also repress inflammation and
autoimmune reactions, and are therefore a major tool to
help decrease B-cell stress and compensate for the rela-
tive lack of insulin.
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