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Abstract

The islets of Langerhans normally contain resident antigen presenting cells (APCs), which in
normal conditions are mostly represented by macrophages, with a few dendritic cells (DC). We
present here the features of these islet APCs, making the point that they have a supportive function
in islet homeostasis. Islet APCs express high levels of major histocompatibility complexes (MHC)
molecules on their surfaces and are highly active in antigen presentation in the autoimmune
diabetes of the NOD mouse: they do this by presenting peptides derived from molecules of the f3-
cells. These APCs also are instrumental in the localization of diabetogenic T cells into islets. The
islet APC present exogenous peptides derived from secretory granules of the beta cell, giving rise
to unique peptide-MHC complexes (pMHC) that activate those non-conventional T cells that
bypass thymus selection.

Introduction

In autoimmune diabetes of the NOD mouse two tissues contain antigen presenting cells
(APCs) responsible for presentation of diabetogenic antigens, i.e. the antigenic peptides that
trigger the autoreactive T cells. These two tissues are the islets of Langerhans and the
pancreatic lymph node (pLN). We reviewed the APCs of the islets recently (1). This paper is
an update. Normal islets are made up of three sets of endocrine sets: the p-cells, which are
the most abundant and generate the secretory granules containing insulin, the a-cells that
produce glucagon, and the 8-cells, a minor component that produces pancreatic polypeptide.
The islets have a rich vascular network. Within the islets normally resides a non-endocrine
myeloid cell belonging to the phagocytic lineage, the center of our analysis.

The early studies on the islet APC and their functional relevance came from studies on
allogeneic islet transplantation in mouse experiments. These were experiments first carried
out in the laboratories of Paul E. Lacy and Kevin Lafferty, who identified a cell within the
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islets that expressed Major Histocompatibility Complex (MHC) molecules and that were a
target of rejection of islet transplants (2, 3). Both laboratories observed that culturing
allogeneic islets for a period of time resulted in a prolongation of graft rejection in some
strain combinations. These were extensions of the passenger leukocyte observations initially
made by George Snell as an element of allogeneic graft rejections (4), but extended by
Lafferty’s group not only using islets but other tissues like thyroid (5). We now know now
that the phagocytic cells of the islets are not passenger leukocytes but resident cells with
characteristic features and properties; most important are their close adhesion to the vessels
and their high content of products of the beta cell secretory granules (6).

Concomitant with the Lacy and Lafferty functional studies, examinations of either
histological sections or highly purified islets established that islets contained a set of
myeloid cells as a normal inhabitant (1). Hume, Gordon and associates had identified
macrophages by the presence of the F4/80 molecule in all endocrine tissues including islets

().

More recently, the features of the islet APCs were examined by a few laboratories (6,8,9).
Some of the recent studies were done on islets of NOD mice, the main strain used to
examine spontaneous diabetes (6). We, as well as others, initially classified the islet APC as
part of the DC lineage, but our most current findings point to them as macrophages. Most of
the islet APCs are characterized as positive for F4/80, MHCII, CD11b and CD11c. Most do
not express Zbtb46, a protein that identifies the DC lineage (10, 11) (our unpublished
findings), and depend on colony stimulating factor -1 (CSF-1), see below. Moreover, a
transcriptome analysis of isolated islets of NOD and non-diabetic mouse strains of mice at
different ages showed the appearance of a gene signature consistent with a tissue
macrophages (12) (Fig 1, panel ¢). A small and variable number of islet APC are made by
DC, but these are restricted to the CD103 DC subset. The CD103 DC are associated with the
CD8 alpha DC, both of which are developmentally regulated by the batf3 transcription
factor (13). Many of the present studies have not distinguished among subsets of islet APCs,
so we best refer to them as “APC”.

There are important characteristics of the islet APCs. First, there is a high expression of both
class I and class I MHC molecules as well as costimulatory molecules, making them
suitable for presenting antigens (6). By all criteria these are activated APC. Second, most of
them are associated with the intra-islet blood vessels, positioned next to them: by two
photon microscopy on isolated islets, one can visualize them attached to the vessel wall
emitting projections within the islet. Of interest is that some of these project into the islet
lumen (14).

(The islet purification process becomes an important technical aspect when evaluating intra-
islet leukocytes. Contamination of non-islet leukocytes is a major hurdle for islet
examination due to the lack of rigorous islet purification. The routine protocols uses two
purification steps, one being the separation of islets from the acinar and surrounding tissue
component by Ficoll gradient centrifugation, following the collagenase treatment; the
second step is handpicking the Ficoll purified islets to ensure a purify islet preparation.
Omitting the hand-picking step consistently results in leukocyte contaminations from non-
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islet structures. Moreover, frequently small lymphoid aggregates are found in the intra-
lobular fat tissue and contaminate the islets preparation. For 100% purity, isolated islets
need to be distinguished from these aggregates by selecting them under a microscope using
Dithizone which selectively stains islets in red.)

The trophic role of the islet APC

In the normal steady state, islet APCs have a supportive role, maintaining the health, the
homeostasis of the islet endocrine cells. [Homeostasis is the famous word first enunciated by
Walter B. Cannon, based on Claude Bernard’s famous concept of the milieu interieur: At the
cellular level it can be defined as those cell activities that keep the tissue under a balanced
steady state (15).] The trophic function of islet APC was first demostrated when examining
the Csf OP/Csfo mice (16). These mice have a spontaneous mutation in the Csf1 gene that
results in a non-functional molecule, and therefore in a defect in macrophage differentiation.
The mice are osteopetrotic as a result of the absence of osteoclasts required for the removal
of bone matrix. Banel-Boucharap et al showed an absence of pancreatic macrophages in
such mice and a number of functional abnormalities: reduced B-cell proliferation in late fetal
life and a reduction in p-cell mass of about 30% in the adult (16). We confirmed these
findings, proving that the isolated islets had a major loss of the macrophages: about 40% of
islets did not have any, and the rest had one to two compared to about 10 in islets from
normal mice. Islet mass was likewise reduced (6). These findings pointed to an important
trophic support role that macrophages have in maintaining tissue homeostasis (17-19), the
nature of which in regards to islet biology has not been determined. The islet macrophage
may be a contributor to the local production of the vascular endothelial cell growth factor
(VEGF) required for islets angiogenesis (20). VEGF and its receptors (VEGFRs) are highly
expressed in several adult organs, including endocrine glands (pancreatic islets, thyroid,
adrenal cortex, and pituitary), choroid plexus, intestine villi, lung and kidney. VEGF-A is
responsible for the dense islet vascularization, being more highly expressed in the islet
endocrine cells than the exocrine pancreas (20). Islet capillaries are known to express high
levels of two VEGF receptors, VEGFR-2 and VEGFR-3. Endothelial fenestrations are
induced by VEGF [21-23]. VEGF-A deficient islets are poorly vascularized and have few
endothelial fenestrations (20, 24). As a result, islet capillaries are atrophic, not fenestrated
and contain an unusual number of caveolae.

In brief, macrophages in all tissues have a major homeostatic function, which is to ensure
the normal tissue physiology and to modulate its development (17-19). Macrophages release
all sorts of modulatory molecules, including cytokines, angiogenic factors, chemokines and
lipid mediators. These influence how the tissue cells react, how traffic is controlled and how
vascular function is regulated; in turn, macrophages are highly plastic, as are the cells of the
macrophage-DC lineage, which in turn adapt and are influenced by the tissue anatomy and
cells.

The function of the islet APC in antigen presentation

Islet B-cells do not express class 1I-MHC molecules so they do not directly participate in
antigen presentation, a point that established in early investigations. Incubation of CD4 T
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cells with B-cell and APCs results in the presentation of antigenic material, including that
from allogeneic B-cells, a finding first reported by Haskins et al (25). Thus the p-cells need
to interact with the APC and donate their antigens to them in order for presentation to take
place (25, 26). We strongly argue that it is the uptake by APC of antigen from p-cells and
their presentation to be central in the development of the diabetic autoimmunity (1,27).

APC isolated from purified islets were shown to present antigen highly efficiently (6, 8, 26,
28-32), indicating that they were highly charged with peptide-MHC (pMHC) complexes
from products of the B-cell (Table I). Importantly, this presentation neither required the
death of B-cells nor an inflammatory response. It was a constitutive function, which was
apparent when testing islets from NOD.SCID or RAG.17" mice (6). Microscopy studies
documented that islet APC were found to take up p-cell secretory granules. Using intravital
microscopy examination, Melli et al showed uptake of GFP bearing particles from mice
expressing this protein under the insulin promoter (8). We found by electron microscopy
that islet APC contained granules (6). In one of our studies we compared the
immunogenicity of beta cells expressing the small protein hen-egg white lysozyme (HEL) to
free HEL and found the former to be about 20 times more potent (32), i.e. the cell-associated
antigen appeared to be handled more efficiently. In a more recent study, all islet APCs were
found to contain vesicles bearing the peptide (28). The number of vesicles per APC was
about ten, explaining the high level of peptide-MHC from B-cell granule protein.

How the antigenic material is transferred from p-cell to the APC is not known, and needs to
be established. The APC are in close proximity to the beta cells, with intense areas of
membrane ruffling in the contact area (6). Electron microscopy studies have shown
structures inside the APC structures identical to secretory granule with the dense core and
the halo surrounding it. This image suggests a direct transfer of granules which is a puzzling
issue from what is known of the biology of granule in which it opens as it traffics to plasma
membrane to then release its cargo. Regardless, there appears to be a close interaction that
needs to be defined functionally and molecularly. In other situations, purified secretory
granules have been shown to be taken up by APC and their antigenic peptides presented to
CDAT cells (28).

Secretory granules contain uniquely immunogenic insulin peptides

An important finding is that among the products of the secretory granules are free peptides
mostly derived from insulin. Using an antibody specific for the peptide 9-23 of the insulin
chain, we identified in beta cells granules only containing the peptide but not the mature
insulin molecule (28). These peptides were also identified by mass spectrometry analysis of
the purified granules and likely represent by-products of insulin handling by the beta cells.
Currently we are examining whether they are the consequences of endoplasmic reticulum
stress to which the beta cell is submitted (33). The important consequence is that such
peptides are presented to unique non-conventional CD4 T cells reactive to insulin (28,
reviewed in 27).

The free peptides in the secretory granules give rise to unique insulin pMHC complexes that
select for non-conventional T cells (28, 34, 35). These are T cells that recognize segments of
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the insulin molecules not found after processing of insulin, i.e. they are unique to the
interactions of exogenous insulin peptides with 1-A37, we define them as type B pMHC (27).
The explanation follows.

The most important autoreactivity in NOD mice is against insulin (selected references
include 28, 34-41) presented by the unique class 11 MHC molecule 1-A%7. (NOD diabetes
and human Type 1 diabetes are highly influenced by class Il MHC alleles, HLADQ?2 and
HLADQS in the human and I-A%7 in the NOD mouse.) Many of the CD4 T cells recognize a
peptide segment in the B chain from residues 9 to 23 (38). Cellular and biochemical analysis
indicate that uptake of insulin results in the presentation of peptides covering the nine amino
acid stretch from residues 13-21 (28). As segment differing by one single amino acid shift,
i.e. 12-20 is not presented by insulin processing. The 12-20 peptide is rapidly eliminated by
insulin processing in the late vesicular compartment of APC where the peptide-MHC
complex is assembled. The 12-20 segment binds weakly and is rapidly eliminated by the
H2-DM molecule in the assembly vesicle. This is very much in contrast when the APC takes
up the free peptide from the beta cells. In APCs, free peptides bind by peptide exchange
with class I MHC molecules found in plasma membrane or recycling vesicles, sites where
H2-DM is not present. In such situations the 12-20 segment survives and can be presented to
T cells with complementary CD4 T cell receptors (TCR) to it. In sum, processing of insulin
restricts the repertoire of peptides that generate peptide-MHC complexes, while exogenous
peptides give rise to a more diverse set of them.

Importantly, the insulin expression induced by Aire in thymus gives rise mostly to peptide-
MHC complexes bearing the 13-21 segment, resulting in the purging of most T cells to it. In
contrast, these T cells that recognize the weak 12-20 segment survive. A majority of the
insulin reactive T cells in NOD are directed to this unstable segment. A recent study using a
TCR expressed as a transgene has confirmed these findings (35).

Role of APC in the localization of CD4 T cells to islets

A key function of the islet APC is in fostering the localization of diabetogenic T cells into
the islets. Both CD4 and CD8 T cells need to migrate and localize in islets in order to initiate
the active attack on B-cells. Many laboratories have identified T cells in islets at the early
stages of the process. In a recent detailed examination of islets during the early stages of
diabetes, T cells were found inside the islet at a very early age at a time when no
conspicuous lesions were evident (12). Most of them were in intimate contact with the islet
APCs. Thus this initial entry precedes the peri-insulitic lesion that is found at a later stage
preceding beta cell death. At the time of T cell localization a conspicuous interferon
signature genes became evident (12). This interferon signature was not found in non diabetic
strains of mice nor in NOD.RAG.1-/- mice.

Few studies have examined the nature by which diabetogenic T cells localize in islets.
Diabetogenic T cells could enter at random, non-specifically, but retained only if there is
effective cell interaction with the islet APCs. Alternatively, T cells could enter only through
a specific immunological recognition. Lennon et al first reported on the specific localization
of diabetogenic T cells into islets (42). They used a “retrogenic” approach, a retroviral
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vector containing genes encoding the a and f chains of the TCR to reconstitute stem cells of
the NOD.SCID mice. By this approach they generated a number of TCR transgenic mice,
which were then evaluated for the localization of T cells.

We followed a different approach by transferring known diabetogenic TCR transgenic cells
into non-diabetic mice and following their localization into the islets several hours after
injection (14, 43). Using this approach, the mechanisms of entry could be followed and
manipulated in a short interval of time. In NOD mice, the pre-activated CD4 BDC2.5 T cell
clone entered the islets in a process that was refractory to pertussis toxin treatment of the
cell indicating that chemokine receptor signaling was most likely not taking place. In
contrast, non-specifically activated CD4 T cells by themselves did not enter islets. The entry
of the diabetogenic T cells only took place if the islets expressed the specific class 1| MHC
molecules. Moreover, the localization was inhibited by a previous administration of
monoclonal antibodies to the 1-A37 molecules as well as to ICAM-1. This finding pointed to
these two key molecules involved in the process of entry and localization and in a
chemokine independent process.

The specificity of the localization also was shown in a non-NOD mouse system, that of
B10.BR mice expressing the small protein HEL in -cells by transgenesis. T cells specific
for the HEL dominant epitope injected into such mice localized to their islets expressing
HEL. Most of the CD4 T cells were in contact with the islet APC. By live microscopy of the
isolated islets, the time of contact of the T cells was typical of specific interaction as it takes
place in lymph nodes (6). However, no such localization took place when injected into
control B10.BR mice not expressing HEL.

Two other experimental systems tested the specificity of migration. Santamaria’s laboratory
examined the migration of CD8 T cells specific to a peptide 206-214 from the islet-specific
glucose-6-phosphatase catalalytic subunit-related protein (IGRP) (44) and found their
localization into islets. No such migration occurred when the cells were injected into mice
with a knock of the IGRP gene having mutations on key amino acids required for its
recognition. Chervonsky’s group also examined migration of another CD8 clone directed to
an insulin peptide and found migration only into islets having the correct MHC class | allele
(Kd) (45).

The specificity of the T cell entry was just documented for an insulin-reactive CD4 T cell.
We examined the localization of an insulin reactive CD4 TCR transgenic NOD mouse
specific to the insulin  chain 12-20 segment (8F10 mouse): their islets contained T cells in
contact with the islet APCs already by the third week of life (35). The transfer of activated T
cells from this TCR transgenic mouse into irradiated NOD resulted in their localization into
islets with ensuing diabetes. However, no localization nor diabetes developed if the cells
where injected into mice that contained a mutation in Tyr 16 (B16A) of the j chain of the
insulin-2 gene (46,47). Experiments from Nakayama in Eisenbarth’s laboratory had shown
that the tyrosine 16 residue was critical for the reactivity of insulin-specific T cells (46).
Such mice did not develop diabetes, pointing to the importance of insulin as a major diabetic
autoantigen. Another conspicuous results came from the examination of the unmanipulated
B16A mouse in that their islets had very few T cells in contrast to the regular NODs. We
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interpret this finding to mean that a great number of the T cells found in islets in a regular
NOD are most likely represented by the anti-insulin T cells or require the recognition of
insulin. In brief, the localization depended on the presence in islets of insulin (35).

In toto, the evidence is convincing that there is specific localization of T cells only into islets
in which the APC present the beta cell antigenic determinant: to sum, four experimental
settings have shown this as discussed above, the transfer of the CD4 clone BDC2.5, the CD8
T cell to IGRP, the CD4 T cell to islet planted HEL and the CD4 T cell to insulin peptide
(op cit). The mode of entry of the T cells is not entirely resolved. As mentioned above, one
scenario is that there is a random non-specific entry and exit of T cells into islets, and only
those reacting specifically with antigen in APC remain. We have repeatedly probed for such
non-specific T cells and very rarely find them in islets. Moreover, systemic activation of T
cells does not result in islet localization. The alternative scenario is that of specific entry. We
found dendrites from the APC in many of the vessel lumens, which raises the question
whether these extensions, a “periscope function” as we have called it, are used to interact
with, capture and retain the circulating T cells. Circulation in islets can be slow and
intermittent factors with differences in flow velocity among islets and within an islet
(48-50). These differences are accentuated in periods of hypoglycemia, while in the
hyperglycemic state circulation is increased (50). These features could favor contacts
between the specific T cells with the APC. It is noteworthy that injection of 0.5um latex
beads coated with antibodies against class Il MHC molecules were found to localize into
islets of mice bearing the correct class 11 allele: the important finding was that the beads
localized at the vessel wall next to the islet APC (14). These findings suggest that the
interface APC/vessel wall is exposed to circulating particles and cells.

What about the localization of non-specifically T cells in islets? Lymphocytes that are not
reactive with islet antigens can enter islets, but only under two special situations so far
identified, that involve a pre-existing diabetogenic process or the presence of a level of
chemokine expression. Part of the exuberant peri-insulitic lesion of the NOD is represented
by T cells as well as B cells, in fact forming an ectopic lymph node-like structure in which
there is an important role for lymphotoxin beta receptor interactions (51-54). Other studies
in which a number of chemokines or cytokines were expressed in islets of non-diabetic mice
by transgenesis results in the attraction of non-diabetogenic T cells and B cells without an
effector reaction that would result in diabetes (55-58) These include quite a range of
chemokines such as CXCL13 (55), CCL12 (56), CCL19(56), CXCL12 (56), CCL21 (56),
CXCL10 (57) and CCL2 (58). The entry of lymphocytes without ensuing diabetes was also
shown in islets expressing TNF alpha (59). Migration of non-diabetogenic lymphocytes was
also shown in islets of NOD mice in which there was expression of a number of adhesion
molecules (60).

We identified a relationship between the arrival of activated diabetogenic T cells into islets
and the recruitment of non-specific T cells. While activated non-diabetogenic T cells did not
enter a quiet islet, as mentioned above, they did so following the entry of diabetogenic T
cells (43). The entry of the non-specific T cells differed from that of the specific T cells in
two ways: it was blocked by prior treatment with pertussis toxin, pointing to a chemokine
dependent response and was inhibited by blocking antibodies to VCAM-1. The entry of
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diabetogenic T cells rapidly induced the expression of new genes with an interferon
signature, an upregulation of a variety of chemokines and expression of VCAM-1, changes
that we have described as a “receptive” islet (43). We defined a “receptive islet” as one that
allows the entry of leukocytes, which it does by upregulation of vascular adhesion molecules
as well as by the presence of chemoattractants.

Pancreatic lymph nodes

The question can be raised on how the transfer of B-cell antigens to pLN, most of which are
components of the secretory granule, takes place. Islets do not possess a lymphatic drainage,
so direct flow into the APC of the pancreatic lymph node (pLN) cannot take place.
Lymphatic vessels are in the stroma, some near the islets. It is hard to posit a transfer of
soluble material from islets to the stroma and to lymphatics; insulin and other secretory
granule material normally reaches the blood circulation. A logical explanation is that the
islet APC (loaded with B-cell-derived antigens under steady state) moves out of islets into
the stroma, and from there enters the lymphatics and finally reach the pLN. Our studies
evaluating islet APC by two photon microscopy on isolated islets showed two physical
profiles of APCs within the islet: one having a fixed point of localization with highly
dynamic dendrite activity, while the second showing high motility with reduced dendrite
activity, and in some cases leaving the islets during the observed time frame (~20 minutes)
(6). Whether the highly motile islet APC is the one reaching the pLN still has to be
determined. In a histochemical and electron microscope analysis of NOD mice, phagocytic
cells as well as lymphocytes were found inside the lymphatics, with images showing stages
of entry (or exit) of them (61). These images suggest but do not establish that the cells are
derived from the islets since they could derive also from the stroma, which is rich in
phagocytic cells. Microscopical analysis by Tang et al showed APC in pLN containing beta
cell antigens from islets expressing GFP (62).

Longstanding information indicates that the central feature of the pLN is the presentation of
j-cell-derived antigen to diabetogenic T cells for their initial activation and expansion prior
to their islet migration. We examined this point in our previous review (1) and will only be
briefly considered now. Some points emerge. First and foremost is the evidence indicating
that the absence of pLN results in protection from diabetes, with low degree of islet
inflammation. Gagnerault et al did this in a significant report by surgical removal during a
critical time period of three weeks (63). Our laboratory examined it in offspring from NOD
pregnant mice treated with lymphotoxin beta receptor —Fc fusion protein (64). As in the
previous study, the incidence of diabetes was very low. That the pLN is a site of
presentation has been documented by testing proliferation of CD8 and CD4 TCR transgenic
T cells for limited B-cell antigens in the pLN (68-70). Although the sensitization of the pLN
has been correlated with beta cell death (67,70), it has been documented in adult mice from
non-diabetogenic strains of mice and also in SCID mice indicating a basal presentation not
linked to inflammation or cell death (6).

Our recent information testing an insulin reactive CD4 T cell to the insulin § chain 12-20
segment (8F10 CD4 T cell) showed that not all 3-cell-derived antigens are presented in the
pLN. 8F10 CD4 T cells recognized endogenous presentation of insulin only by the islet
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APCs and not by pLN APCs by in vitro studies. Recent in vivo evaluation using the 8F10
TCR transgenic mouse revealed three important findings: 1) naive 8F10 CD4 T cells did not
proliferate in the pLN and only proliferated in the islets of NOD mice upon adoptive
transfer; 2) 8F10 transgenic nodeless mice (missing most lymph nodes, including the pLN)
contained T cell infiltrated islets as early as 5 weeks of age; and 3) 8F10 Ragl”- nodeless
mice developed diabetes with similar kinetics to 8F10 Rag1”~ mice (35).

This new information brings a new perspective to the role of the pLN, which may be that of
amplification of the diabetogenic T cell response upon the initial encounter with its cognate
antigen inside the islet of Langerhans. The T cell encounter in the islet may trigger an initial
insult that can augment the exit of 3-cell-derived antigen. The flow of antigen to the pLN
could result from egress of the islet-resident APC out of the islets, into the stroma and
through the lymphatics; and/or the influx of circulating APCs into islets, to take up beta cell
antigens and then exit into the stroma to move to the pLN. These are important issues that
future studies will need to address.

Concluding remarks

Much more needs to be examined regarding the interactions among the three key cellular
elements of the islets: beta cells, the APCs and the vascular endothelia. All indications point
to a program of interactions that are key both in the integrity of islet function as well as for
the development of autoreactivity. We describe here how these interactions are centered on
the APCs of islets and pLN. Knowing that APC are normally charged with beta cell
antigens, and have a basal level of activation; that the draining pLN is set up at an early
stage to present antigens and to contribute to the autoimmune process; and that sets of
diabetogenic T cells can bypass thymic negative selection and enter islets, sets a framework
to decipher how each of these events are brought together, and to formulate a number of
questions. What is the key initiating event? Are these initial events influenced by the early
interferon gene signature in islets, and if so, how? Lastly, how does the islet, which appears
well set for autoreactivity, defends itself to blood-borne pathogens and phlogogens while
maintaining a lifelong homeostasis, without autoreactivity? These are seminal questions to
answer in the future.
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Figure 1. Examination of islets for myeloid cells, T cells and myeloid transcriptional analysis
A) Islet of 8 week-old NOD.Rag1”- mouse showing myeloid cells (CD11c+) and blood

vessels (PECAM-1+). Note the close apposition of CD11c+ cells with vessels. Inset shows
the apposition between islet myeloid cell and vessel. B) Islet from 6 week-old NOD female
mice stained for blood vessels (PECAM-1+), islet myeloid cells (CD11c+), and T cells
(CD4+). Insets show contacts between islet myeloid cells and CD4 T cells. White bars
represent 50 um. Panel B) and C) taken from Ref. 12 with permission. C) Microarray
identification of myeloid gene signatures in islets of Langerhans. The heat map shows a
hierarchically clustered gene subset that is enriched for macrophage/myeloid genes in NOD
mice (2, 4 and 6 weeks), C57BL/6 and NOD.Rag-1"" (6 weeks). Color intensity is based on
the row normalized log, scaled relative expression. The subset of genes represented in Panel
C) is derived from the analysis detailed in Ref. 12.
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