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Introduction
The term inflammation originates from the Latin, inflammatio,
meaning ‘setting on fire’, and in medicine it indicates the
reaction of tissues to injuries induced by different causes.
Classically, inflammation is a protective response, which involves many complex signals and aims to repair tissue and
restore homeostasis [1]. However, dysregulated or prolonged
inflammation states have been associated with many diseases,
including type 2 diabetes [1]. Early connections between inflammation, obesity and type 2 diabetes were made in the
1990s, in both rodent models and humans [2, 3], and later
substantiated by a large body of evidence (see [4–7] for recent
reviews). Then, it was observed that pancreatic islet cells may
also show signs of inflammation, including immune cell infiltration [8–10] and increased expression of cytokines and
chemokines [11–13]. It has been shown that a proinflammatory milieu can lead to reduced beta cell function and survival
[14–16]. Given the key role of beta cell impairment in the
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onset and progression of diabetes [17, 18], it is of utmost
importance to shed light on the several features linking inflammation and islet cell dysfunction. This commentary on the
‘Islet inflammation in type 2 diabetes’ symposium at the
EASD 2015 meeting focuses on a few general issues regarding the association between inflammation and the pancreatic
islets in human type 2 diabetes. It is accompanied by articles
that specifically address the mechanistic implications [19, 20]
and therapeutic perspectives [21].

Immune cell infiltration of pancreatic islets in type 2
diabetes
Although the majority of work on islet immune cell infiltration has been performed in animal models [5–7, 22, 23], a few
studies have been accomplished with human pancreatic tissue
from individuals with type 2 diabetes (see Text box). Ehses
et al [8] studied the presence and distribution of macrophages
(CD68+ cells) in the islets of nine type 2 diabetic and seven
control individuals. Pancreatic samples were obtained from
one diabetic organ donor, eight necropsies (four diabetic and
four non-diabetic) and seven surgical resections (four diabetic
and three non-diabetic). An average of 35 ± 12 islets from
diabetic sections and 43 ± 17 islets from non-diabetic pancreatic sections were scored to evaluate CD68+ cells at the periphery and/or within the islets. The authors found that the
proportion of infiltrated islets (more than three CD68+ cells)
in diabetic sections was approximately 16%, with a fourfold
increase in comparison with non-diabetic samples. The average number of CD68+ cells per islet was also significantly
higher in type 2 diabetic specimens (approximately 1.7 vs
0.7), with increased intra-islet invasion. Subsequently, Richardson et al studied pancreatic tissue samples obtained at autopsy from 15 type 2 diabetic and 16 non-diabetic individuals
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A summary of the findings relative to the infiltration of macrophages (and other immune cells) into pancreatic islets of
type 2 diabetic vs non-diabetic individuals
Author (year)

Main findings (macrophages)

Notes

Reference

Ehses et al (2007)

Increased infiltration and invasiveness

No difference in granulocytes

[8]

Richardson et al (2009)

Increased infiltration

–

[9]

+

Rodriguez-Calvo et al (2014)

Increased CD45 leucocytes

Study with isolated islets

[22]

Kamata et al (2014)

Increased infiltration

Focus on amyloid-containing islets

[21]

Martino et al (2015)

Increased infiltration and invasiveness

Macrophage infiltration also in the
non-endocrine pancreas

[10]

[9]. The analysis of 545 diabetic and 564 control islets revealed a significantly higher percentage of islets with more
than three CD68+ cells per islet in diabetic vs control cases
(20.6 ± 4.1% vs 4.6 ± 1.4%), and demonstrated that the number of CD68+ cells found in diabetic islets was more than
twofold higher compared with that in non-diabetic islets
(1.34 ± 0.18 vs 0.52 ± 0.08 cells per islet). Additional information comes from a study performed with autopsy samples
from Japanese individuals with type 2 diabetes [24]. The authors identified cases with (n = 20) or without (n = 20) islet
amyloid deposition, and demonstrated a significantly greater
(approximately threefold) CD68+ cell infiltration in amyloidladen islets, which correlated with the severity of amyloid
deposition. In a later study, Martino et al evaluated pancreatic tissue samples from organ donors (seven without
diabetes, six with type 1 diabetes and seven with type 2
diabetes) by using different microscopy techniques (including electron microscopy) to identify islet-infiltrating cells
[10]. The authors confirmed a greater islet infiltration by
macrophages in the type 2 diabetic sections. In addition,
they observed that the pancreatic non-endocrine tissue
showed signs of infiltration in the diabetic samples, with
the resulting number of macrophages (cell/mm2 pancreatic
tissue) significantly higher than in control cases
(18.1 ± 3.0 vs 5.2 ± 1.8). This latter observation suggests
that in patients with type 2 diabetes the whole pancreatic
gland (i.e. its endocrine as well as non-endocrine components) could be inflamed. A similar concept has also
emerged in the type 1 diabetes pancreas scenario [10, 25].
Whether other immune cells besides macrophages may also
contribute to islet cell infiltration in type 2 diabetes is less clear.
Islet lymphocytes have been reported to be (by electron microscopy analysis) or not to be (by immunostaining with anti-CD3
antibodies) increased in pancreatic sections from type 2 diabetic individuals [8, 10], with no differences in pancreatic islet
granulocytes between diabetic vs non-diabetic samples [8].
Finally, when the immune cells of islets isolated from nondiabetic and type 2 diabetic organ donors were analysed by
FACS [26], it was found that CD45+ leucocytes and B (but
not T) lymphocytes were higher in the diabetic islets.

In conclusion, evidence obtained by the use of different
models (autopsy samples, organ donors, isolated islets) indicates that pancreatic islets in type 2 diabetes show signs of
immune cell infiltration, predominantly by macrophages.
However, there is still a lack of consensus on the definition
of ‘insulitis’ in type 2 diabetes and the criteria for its diagnosis,
and so there needs to be a concerted effort to resolve this,
employing a similar approach to that used to establish the
definition of insulitis for type 1 diabetes [27].

Heterogeneity and functional role of islet
macrophages in type 2 diabetes
The true significance of islet macrophage infiltration is still
incompletely understood. These innate immune system cells
are quite heterogeneous, possess functional plasticity and may
exert contradictory actions [7, 23]. An attempt has been made
to describe these differences by classifying macrophages as
being ‘classically’ activated (M1 macrophages) or ‘alternatively’ activated (M2 macrophages). Although these two classes are likely to represent the polar ends of a much broader
activation spectrum, it is nevertheless assumed that M1 macrophages produce proinflammatory cytokines and are cytotoxic, whereas M2 macrophages contribute to resolving inflammation and promoting tissue repair through several mechanisms, including phagocytosis of apoptotic cells and remodelling the extracellular matrix [7, 23]. In addition, macrophages have been described in the human pancreas at
6–12 weeks of development, suggesting a contribution to pancreas development in humans [28], as more clearly shown in
rodents [7].
The relative proportions of M1 and M2 macrophages in
the type 2 diabetes infiltrated islets remain undetermined.
By using antibodies against CD68 (a likely marker of M1
macrophages) and CD163 (a likely marker of M2 macrophages), one study reported that intraislet-infiltrating macrophages were both CD68+ and CD163+ [8]; however, in
a different article it was shown that whereas the number
of islet-associated CD68+ macrophages in type 2 diabetic
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amyloid-positive islets was increased, that of CD163+ cells
was not [24].
There have also been conflicting results regarding the
possible deleterious actions of islet-infiltrating macrophages.
In fact, it has been reported that islets with invading macrophages are characterised by decreased insulin immunoreactivity, increased amyloid deposits, beta cells with oxidative
stress-related DNA damage and reduced expression of the
gene encoding proinsulin [8, 24]. However, type 2 diabetic
islets with increased CD68+ cells did not display an increased number of TUNEL+ cells, and macrophages were
not observed in the vicinity of apoptotic beta cells [8]. As
for the role of other cells taking part in islet inflammation,
the number of CD45+ leucocytes was higher within type 2
diabetic islets with preserved insulin secretion (as assessed
by perifusion experiments) as compared with dysfunctional
diabetic islets [26].
In conclusion, whereas current information supports the
concept that macrophage infiltration may be a main cause of
beta cell damage in human type 2 diabetes, a more balanced
view (based on macrophage phenotypic heterogeneity) should
also take into account the potential beneficial actions of macrophage subpopulations.

Islet expression of cytokines and chemokines in type
2 diabetes
The expression of cytokines and chemokines at the gene and
protein levels has been studied by a few groups to evaluate the
presence of molecular signatures of islet inflammation in type
2 diabetic individuals. The most common, comprehensive approach has been the study of the transcriptome of isolated
islets. In an early study, the gene profiles of islets isolated from
five type 2 diabetic and seven non-diabetic donors were evaluated, with no difference reported between the two groups
regarding the expression of the major cytokines and
chemokines [29]. A later report described microarray results
obtained with islets prepared from six type 2 diabetic and
seven non-diabetic organ donors. These revealed the upregulation of the expression a few cytokines (IL-19, IL-25, CSF1,
LTA and IFNB1) and chemokines (CCL5, CCL7, CCL13,
CCL16, CCL21, CCL25 and CX3CL1) known to be involved
in inflammatory and/or immunomodulatory mechanisms in
the diabetic samples [30]. More recently, microarray data were
generated by Taneera et al [31] using islets from nine type 2
diabetic individuals and 54 non-diabetic controls. These
showed that two proinflammatory chemokines, CCL22 and
CXCL5, were downregulated in the diabetic samples. A subsequent study by the same group comparing the islet expression profiles of ten type 2 diabetic and 38 non-diabetic individuals [32], found that the proinflammatory cytokine IL-6
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and the immunomodulatory cytokines IL-11 and IL-33 were
upregulated in the diabetic cells.
When gene expression was more precisely assessed in a
few studies by the use of quantitative RT-PCR, it was found
that IL-1β and CCL2 were similarly expressed in islets isolated from seven type 2 diabetic and eight control individuals
[33]; however, the authors of a different study observed that
TNFα and CCL2 expression levels were higher in type 2 diabetic islets and were associated with reduced glucosestimulated insulin secretion [26].
There are several possible explanations for the discrepancies between these studies. The procedure of islet preparation,
based on enzymatic digestion and density gradient purification, can per se induce the expression of inflammatory mediators [34]. In addition, the length of the culture period from
isolation to molecular assessments may play a role [35], and,
finally, the endocrine cell heterogeneity of the islets precludes
the clear determination of the properties of the beta cells [36].
A possible solution to some of these problems is the use of
beta cells from frozen pancreas samples, as obtained by laser
capture microdissection [37, 38]. Marselli et al [38] published
a study comparing the transcriptomics of laser microdissected
beta cells prepared from the pancreas of ten type 2 diabetic
and ten non-diabetic organ donors. The expression of genes
encoding inflammatory and/or immunomodulatory mediators,
and that of markers of inflammatory cells were evaluated.
IL-1β and IL-8 expression trended to be upregulated in the
diabetic samples, which was confirmed in a subgroup of cases
by quantitative RT-PCR, with clear interindividual differences
identified. Furthermore, IL-11 was upregulated and IL-1α was
downregulated in the diabetic beta cells; the chemokines upregulated to the greatest extent were CCL2, CCL11 and
CCL13.
Evaluation of the presence of IL-1β expression in beta cells
by in situ hybridisation [39] showed that this cytokine is present in beta cells from type 2 diabetic individuals but not in
those from non-diabetic controls or in the non-endocrine pancreas. There is also some information on the expression of
inflammatory mediators in human islet cells at the protein
level. When IL-1β was studied in pancreatic samples from
five patients with poorly controlled type 2 diabetes [13], double immunostaining for this cytokine and insulin showed the
presence of IL-1β in clusters of insulin-containing cells in
approximately 20% of the studied islets. In another study,
chemokine (C-C motif) ligand 2 (CCL2) staining colocalised
with insulin in both type 2 (two cases studied) and nondiabetic (three cases) sections, with minimal or no CCL2 in
glucagon-positive cells [12]. However, quantitative assessments were not performed.
Overall, these results indicate that some cytokines and
chemokines are expressed at higher levels in the islets and beta
cells of type 2 diabetic individuals, at least in some subgroups
of islets and individuals. Islet cells themselves can produce
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some of these molecules when exposed to high concentrations
of glucose [13] or the fatty acid palmitate [12, 15], conditions
used to mimic a diabetic micro-environment. However, macrophages are likely to be the dominant producers of some toxic
cytokines, such as IL-1β [7, 40]. Whatever the source, the
effects of cytokines on beta cell function and survival depend
on several other factors, including, in particular, their concentrations and combinations. For example, low levels of IL-1β
promote beta cell proliferation and improve insulin secretion
[41, 42]; furthermore, when human beta cell preparations were
cultured for 48 or 72 h with or without IL-1β, TNFα or IFNγ,
none of these single cytokines was toxic to the beta cells [43].
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Conclusions
Pancreatic islet cell inflammation in type 2 diabetes has been
described by several investigators and accepted as a contributory factor to the onset and progression of beta cell failure, at
least in subgroups of individuals with this disease. This concept
is substantiated by the presence of immune cell infiltration and
the altered expression of several cytokines and chemokines in
islets of type 2 diabetic individuals. However, islet inflammation might also have beneficial actions on beta cells, depending
on the type, amount and combination of the infiltrating cells
and expressed cytokines. A better understanding of the mechanisms regulating the several and contradictory effects of inflammation on pancreatic islets will hopefully allow the design
and development of effective, safe and targeted therapies for
the protection of beta cells in type 2 diabetes.
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