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Abstract

The main role of the pancreatic islet 8 cell is to release the appropriate amount of insulin upon glucose stimulation. For
this reason, islet transplantation has been advancing in the past few years as a therapeutic alternative for patients with
diabetes, alongside the exciting field of manipulating 5 cell differentiation for the sake of f3 cell transplantation. Howevet,
do isolated 3 cells function the same as [ cells within an intact islet? Within islets,  cells are surrounded by other cell types,
including endocrine cells, endothelial cells and immune cells, a proximity which appears to be relevant for proper glucose
homeostasis. Although insulin and glucose are the main regulators in this scenario, other factors, such as angiogenesis, local
anti-inflammatory components and the activity profile of resident macrophages, have a profound effect on the function
and fate of f cells. A paracrine interaction between f3 cells and « cell holds a dramatic effect on f cell function, which is
additionally dependent on blood flow through the islet. Another important intercellular communication exists between 3
cells and endothelial cells, in this case a bidirectional interface. Moreover, f cell survival and proliferation is dependent
on the potency of ECM proteins. Further parameters distinguish functionally between the isolated f3 cell and the intact
islet, including the deposition of Zinc by [3 cells, synchronicity by electrical and calcium routes, the physical innervation of
islets and more. In this review, we explore major parameters that relate to differences between the function of the isolated
B cell and that of the f3 cell within an intact islet. These and some yet to be investigated aspects of 3 cell function should be
included in the list of considerations when examining therapeutic targets for f3 cell-related pathologies and for the prospect

of effective B cell replacement therapy.

Introduction

Pancreatic  cells are located within the islets of Langerhans and are
responsible for the secretion of insulin upon glucose stimulation.
They are surrounded by other cell types, including endocrine cells
and innate immune cells, which are predominated by resident
macrophages [1]. In addition to their low proliferative capacity,
B cells are critically damaged and eventually expire by either
autoimmune responses, in the case of type 1 diabetes, or by the
overwhelming requirement for insulin secretion in the case of type
2 diabetes [2]. In addition, several relatively common drugs were
reported to impair B cell function [3, 4]. In the past several years,
B cell replacement therapy has gained attention as a possibility for
addressing P cell loss; unlike whole pancreas transplantation, it has
become feasible to explore both pancreatic islet transplantation of
islets isolated from organ donors, and cell grafting of singular
cells from sources such as stem cells, transformed cells or human
B cell lines [5-7].

With the advent of addressing both whole islets and B cells as
legitimate transplantation candidates, a wide range of less-studied
aspects of B cell physiology become highly relevant, particularly
when considering the expectation for a relatively physiological

cell function following engraftment. Although P cells are indeed
the primary producers of insulin and thus play an obvious and
significant role in glucose homeostasis in both health and disease,
there is evidence to suggest that the B cell is not an independent
entity; it functions under the influence of its neighboring cells
within the whole islet. Therefore, the utilization of B cells for
clinical purposes should take into consideration differences
between the behavior of isolated B cells, and their behavior in their
native environment of clustered cells, namely, the pancreatic islet.

In the present review, we explore several major parameters that
may lack in a B cell outside the whole islet, potentially affecting
the desired clinical outcome of B cell replacement therapy.
Considering some advantages of the approach which employs
singular B cell grafting, the insights that we hereby surface may
allow one to consider the elaboration of some creative steps for
achieving optimal glucose homeostasis in the grafted diabetic
patient.

Islet structure as a parameter in f cell function
The primary focus of B cell research in the past few decades has been
insulin secretion, and more recently with regards to differentiation
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and replication. Discoveries in the field of insulin and insulin
secretion have led to important insights and to the development
of highly useful drugs, but the cure for both autoimmune and auto
inflammatory diabetes is still far from satisfactory; other factors,
such as angiogenesis, local anti-inflammatory components and the
activity profile of the immune system, have a profound effect on
the function and fate of B cells within the islet.

About 1 million islets are present in the pancreas from the time
of birth, constituting 1-2% of total pancreatic mass. They contain
65-90% insulin-releasing B cells, 15-20% glucagon-releasing o
cells, 3-10% somatostatin-producing & cells and 1% pancreatic
polypeptide-producing (PP) cells. They also contain 3% of a
variety of resident leukocytes [8]. In addition, the complete islet
incorporates endothelial cells and fibroblasts, which are known
to respond to inflammatory signals. While cell composition
may clearly represent a component of an islet’s function, it is
also evident that the structure of the islet may play a role in its
functionality [9]. Importantly, islet structure is species specific
[10], rendering outcomes that were derived from studies of various
species not necessarily translatable to human islets.

Animal models in diabetes: f§ cells or whole islets?

Animal models are readily used for the study of diabetes. There are
different models for hyperglycemia that attempt to represent either
insulin resistance or an immune system—mediated demise of islets.
For example, the Zucker diabetic fatty (ZDF) rat serves as a model
for insulin resistance and obesity. In contrast, there are models for
insulin resistance that are not related to obesity, such as the Goto-
Kakizaki (GK) Rat. Each model has its strengths and weaknesses,
and none of the presently practiced models completely overlaps
diabetes in humans [11]. Representing autoimmune diabetes,
the non-obese diabetic (NOD) mouse is largely the only animal
model in which the immune system spontaneously attacks the 3
cells of the animal; syngeneic, allogeneic and xenogeneic immune
responses to islets are examined by studying islet transplantation.
As in the case of models for representing type 2 diabetes, none
of the B cell immune—destructive models overlap the human
condition to the fullest. Yet, without exception, these models do
provide a fantastic platform for the study of the whole islet, at
times within an intact pancreas, in the context of a full-blown
immune presence and systemic metabolic shifts, both feats that are
relatively inaccessible in humans in a non-invasive manner.

B cells are highly reactive to local conditions of stress, as
depicted both in vitro and in vivo [12]; in the whole islet, their
reactivity may be further modified by the presence of reactive
resident immune cells. Surprisingly, B cell reactivity to stress is
evident even in temporary benign conditions. For example, under
physiological conditions, inflammatory signals and nitric oxide
(NO) cause temporary B cell silencing that is further enhanced by
peripheral insulin resistance, in effect causing circulating glucose
levels to rise in a transitory manner [13]. Indeed, present within
each islet, macrophages appear to be vital to pancreatic survival in
normal state, but, as can be expected from such a responsive innate
immune cell, we risk their turning harmful under excessive stress.
Releasing IL-1B upon almost any perceived threat, macrophages
will cause local B cells to enter a mode of ER stress [14].

At the molecular level, various features have a profound effect on
B cell physiology. One of the central components of functionality

involves cAMP, a second messenger which mediates multiple
biological processes. Several studies have found that the amplitude
of glucose-induced insulin secretion is affected by cAMP levels
[15, 16], which indicates that it holds a significant role in insulin
secretion regulation; cAMP is also affected by inflammatory
signals [17, 18], thus potentially compromising § cell function
upon dysregulation. Another molecular aspect in 8 cell function
during stress involves short non-coding RNA sequences (miRNA),
thought to have a significant role in the regulation of cellular
functions [19]. Alterations in miRNAs has been implicated in the
pathogenesis of a few diseases, including pancreatic pathologies
[20]. The relevance of miRNAs to both B cell function under
steady-state conditions and during stressful conditions, renders
them an important partner in the fate of B cells in disease. The
delicate regulation of both cAMP and miRNAs in 3 cell physiology
represents a small sample out of a myriad of intersections between
the profile of the isolated B cell, and its profile as an intimate part
of the islet, whereas various signaling events spur in response to
unique external triggers, and, as we elaborate in the present review,
alter the behavior of cells surrounding the B cell.

B cells interact with neighbor cells within the islet in a paracrine
manner [21]. a cells hold a dramatic effect on § cell function and
are only represented in experimental systems that are comprised
of whole islets or, at the least, mixed cultures of a and B cells. In
vitro experiments had established that isolation of a cells from 3
cells may explain the low secretory activity of isolated B cells in
comparison to whole islets [22]. Other peptides, primarily related
to glucagon, such as glucagon-like peptide 1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP) may contribute to o
cell-dependent insulin regulation [23].

Taken together, the study of the pure  cell is indeed challenging.
The methods we use in research may not provide a reliable image
of the behavior of the native B cell within an islet. In this review,
we will present several issues relating to differences between the
isolated B cell, and the  cell within an islet, and try to communicate
some major considerations to be raised when examining therapeutic
targets for B cell-related pathologies.

P cells are exceptionally devoted to insulin secretion

Of'the cell types that produce large amounts of a single protein, islet
B cells appear to sacrifice quite a bit so as to execute this critical
feat. They readily permit a sharp entry of high concentrations
of glucose, upon which they will surpass classic carbohydrate
metabolic regulation to generate a spike in ATP, which will
drastically alter the function of membrane channels [24]. Even
neuronal cells, which endure dramatic and rapid fluctuations
in their cell membrane properties and invest major resources in
granule exocytosis, are exempt from spikes in ATP and are also not
devoted to a single protein transcript. For this to occur in f cells, the
cells drive the mitochondrial electron transport chain to its limit,
risking the emergence of free radicals upon each glucose spike [25].
At the same time, they contain perhaps the lowest concentrations
of restorative reducing agents, such as glutathione, compared to
other cell types [26]. In addition, the cells run a protein production
factory that is at the verge of ER stress due to unfolded protein
response upon excessive demand for insulin [27]. The P cells are
thus relatively inflexible under conditions that require change in
these pathways, and shutdown production by default upon any sign
of cellular stress, protecting themselves from a cellular crisis. It is
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possible that for this reason, islet adaptation relies on islet mass
expansion [28] and not on stretching the activity profile of each 3
cell. Therefore, one may speculate that the presence of non-f cells
within islets is essential for allowing [ cells to remain viable under
changes in local stress levels.

Disparity between B cells within an islet and isolated f cells has
been described in regards to the secretory insulin response to
glucose; this quintessential secretory response is compromised
in isolated B cells [29]. Few hypotheses were suggested for
this phenomenon, including glucagon secretion by a cell [29],
involvement of receptors on B cells and the microstructure of the
islet [30,31]. In support of the requirement for an intact islet as
key to achieving optimal B cell responses, miRNA and protein
content appear to be shared between P cells and non-f cells: 85%
of insulin-regulating miRNA molecules are common in both islets
and isolated B cells and differences between islets and isolated
B cells were observed at the levels of expression of proteins that
participate in granule secretion, differentiation, maturation and
structural arrangement [32,33]. These sporadic pieces of evidence
are still under investigation, yet they already provide important
benchmarks for the notion that an isolated B cell is deficient in
insulin regulation by virtue of a lack in supporting neighboring
cells.

Islet structure: ‘it takes a village’ to support the p cell

B cells are surrounded by cells that are suggested to have a
significant effect on B cell function. Whether in rodents or human
islets, B cells are positioned in proximity to o and & cells, among
others; presumably, these cells all behave differently upon isolation.
In rodents, the ratio between a cells and B cells is higher than in
humans, and the spatial organization is of a mantle containing
non-f cells with a core containing exclusively B cells; the a cells
appear to ‘crown’ a sphere of B cells [10]. In humans, islet cells
form trilaminar plates comprised of 2 layers of a cells that surround
a layer of B cells; the two cell types appear macroscopically to be
almost randomly distributed within the islet [34]. This disparity
between human and rodent islets is especially interesting when
observing isolated [ cell characteristics, as the differences between
isolated f cells from different species may lay in differences in their
original islet structure. Interestingly, regardless of the anatomical
arrangement within islets, added glucagon will increase glucose-
induced insulin secretion in isolated  cell preparations, and over-
secretion of insulin will prevent paracrine glucagon secretion by
a cells [35]. Concomitantly, 6 cells will inhibit both glucagon and
insulin secretion at normal glucose levels.

Zinc released from, and to, p cells

Although it seems that insulin and glucose are key regulators in
this scenario, other factors are inherently involved in regulation
of B cell function. Zinc, which is released along with insulin
during exocytosis, might be a modulator of insulin regulation, as
demonstrated in rat models [36]. Indeed, a significant concentration
of zinc is deposited in the interstitial space between islet cells
immediately after insulin is secreted [37]. Zinc is a crucial element
in the proper function of B cells. For example, Zinc is essential for
creating the hexameric structure of insulin, which is an important
part of insulin processing and storage. Zinc also plays a significant
role in B cell homeostasis and has a profound effect when co-
secreted with insulin. For example, some studies suggest that
Zinc may influence insulin secretion through a negative feedback

response, possibly explaining the deficient glucose-dependent
insulin release from isolated B cells. Zinc relates to cytokine-
induced damage by oxidative stress (in part as it serves a critical
role in the electron transport chain), and is thus crucial for proper
evaluation of B cells, whether isolated or within intact islets, as
well as between islets of different species. For example, there
are fundamental differences in protein identity between the zinc
transporter ZnT8 in mice and rats, in comparison to humans [38].
Moreover, the possibility that B cell-deposited zinc might affect
a cells is still unclear, which is to say that some parameters of 3
cell physiology might be lacking in systems that examine isolated
B cells [39].

Intercellular communications are abundant in the pancreatic
islet

Mathematical models regarding cell communication in islets
predict few advantages to this intercellular behavior, such as the
dynamic stability between o and B cells under varying glucose
levels. According to one model, cells of each type can be either
in an active or silent state at any given moment [35]. It is claimed
that these interactions are beneficial in blood glucose regulation.
Nonetheless, some of the relationships between cells appear
somewhat paradoxical, such as glucagon increment of insulin
secretion. More perplexingly, hormone release mechanism is
common both to o and B cells (i.e., ATP super-spike followed by
potassium channel alterations) [40]. It is not clear why a cells
react in the opposite manner in response to a rise in glucose;
some suggest membrane potential differences, or voltage gated
calcium channel differences in o cells. Indeed, B cell electrical
coupling increases insulin secretion, similar to the tight coupling
between electrical activity and exocytosis in a cells. It has even
been suggested that o cells might have a role in insulin secretion
through electrical coupling with B cells [41]. The differences in
outcomes between B cell coupling in isolated B cells and islets is
presently not fully understood.

Blood-flow through the islet appears to surpass interspecies
structural differences, holding implications on the paracrine
relationship between a and f cells. A few models have been
suggested, the dominant one stating that blood flow in islets
always starts from the § cells and then reaches non-f cells, e.g., o
cells [42]. Indeed, in isolated rat pancreatic cells, local release of
glucagon has no effect on glucose-induced insulin secretion [43].
This phenomenon may indicate that glucagon does not necessarily
contact glucagon/GLP-1 receptors on f cells, but rather its distant
tissue targets, i.e., liver and fat.

Blood vessels, islets and diabetes

Damage to blood vessels (angiopathy) is a chronic complication of
diabetes, expressed both as microangiopathy and macroangiopathy,
and is one of the primary causes of diabetes-related morbidity
worldwide [44]. Common clinical presentations of angiopathy
include retinopathy, peripheral vascular disease and nephropathy,
and can result in blindness, limb amputation and kidney failure.

Animal models for diabetes present with dramatic changes
regarding blood vessels function and response: islet capillary
density is twice higher in young ZDF rats and GK rats display
abnormal insulin release associated with blood vessels and
oxidative stress [45,46]. These impaired release events are
suspected to be the result of inflamed endothelial cells (EC), which
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may evoke an inflammatory response in resident immune cells
and also attract circulating monocytes into the affected islets. It
is thus evident that B cells alone cannot explain the outcomes and
complications of diabetes, supporting the notion that blood vessel
well-being holds a significant role in this important pathology.

The B cell-capillary interface

Pancreatic islets are a highly vascularized micro-organ, abundant
in loci of direct contact between B cells and endothelial cells. The
importance of the relationship between B cells and endothelial
cells has been recognized in the past few years regarding islet
transplantation and diabetes prevention, primarily because
microvascular intra-islet changes have been shown to precede
hyperglycemia [45]. One drawback of such studies may be
the weighted focus on isolated islets rather than the whole
pancreatic vasculature. This is understandable considering islet
transplantation is a clinically viable entity, yet it grows distant
from physiological islet regulation within the complete pancreas.
For instance, smaller islets are supplied with nutrients by diffusion
and larger islets are irrigated by independent blood vessels [47].
Indeed, the relationship between these two cell types, endothelial
cells and p cells, is well documented and is hereby discussed.

Effect of endothelial cells on p cells

B cells are influenced by important factors that are expressed by
endothelial cells, including angiogenic factors and growth factors.
Thrombospondin-1 (TSP-1) is expressed almost exclusively by
intra-islet EC and functions as an anti-angiogenic factor [48]. TSP-
1 interacts with growth factors, cytokines and ECM components,
causing cells within the islet to secrete TGFP and to activate
latent TGFp [49]. This is an important regulatory process of cell
growth and differentiation, as well as immune modulation through
cytokines and insulin gene expression. For example, it has been
shown that in the presence of high glucose, TSP-1 levels are
significantly increased, and subsequently an increase in TGFf
levels is observed [50]. These observations might suggest that
high levels of glucose would benefit B cell function, however,
TSP-17- mouse islets display a larger B cell mass and superior
vascularization, alongside, quite paradoxically, glucose intolerance
[51, 52].

Endothelial cells express hepatocyte growth factor (HGF), a pro-
angiogenic factor which was found to bind to c-Met receptors on
B cells [53]. This interaction activates RAS and PI3K signaling
cascades that relate to cell proliferation and survival. HGF
transgenic mice exhibit over expression of HGF in J cells, and
display 2-fold greater insulin levels, and 2-3—fold greater  cell
mass [54]. In contrast, mice that lack components of HGF signaling
pathway exhibit normal glucose homeostasis and normal 3 cell
mass [55]; interestingly, they are nonetheless more vulnerable
to NF-kB-mediated cytokine damage [55]. Indeed, HGF might
have a key role in islet transplantation prognosis due to its role in
cytokine-induced cell injury. Another aspect of HGF expression
involves its relation to VEGF-A, as in the liver, suggesting a role in
the dynamic of the vascular bed maintenance in islets [46].

One of the fundamental interactions of tremendous importance for
B cell function is between [ cells and non-cellular entities. ECM
proteins include nidogens (formerly known as entactins), collagen
type IV, perlecan, laminin, heparan sulfate, fibronectin and more.
This basement membrane creates a physical barrier between the

immune system and P cells during the development of diabetes;
most importantly, B cells are dependent on endothelial cells to
synthetize the basement membrane. ECM components increase 3
cell survival and proliferation within islets, and increase insulin
expression through B1-integrin connectivity to the B cell surface
[56, 57]. The link between laminin 411 and 511, and B1-integrin,
is extremely potent in regards to B cell proliferation and insulin
production [58]. In addition, EC secrete collagen type IV, which
binds to alPBl-integrin and increases insulin secretion [46]. In
ZDF rats, thickening of ECM and loss of fenestrations causes an
increase in VEGF-A expression by B cells [59]. As a result, ECM
is overproduced and partakes in the recruitment of immunocytes
via inflammatory signals, causing irreversible damage to islets.

In addition to the ECM itself, proteins related to ECM have a
significant effect on P cells. Connective tissue growth factor
(CTGF), a matricellular protein of ECM-associated heparin
binding proteins, affects f cell proliferation, differentiation and
islet morphogenesis [60]. CTGF is expressed during embryonic
development, and loss of the protein will cause a decrease in 3
cell mass and islet vasculature [61]. CTGF induces PDGF-B
overexpression in EC, which is required for pericyte recruitment
[50]. Pericytes have a major impact on vasodilation, and thus might
contribute to insulin resistance. Interestingly, Cao et al. report that
a cell mass is increased in CTGF” mice [50]. Therefore, CTGF
might play a role in 3 cell differentiation and in a cell proliferation,
though a receptor for CTGF in f cells has yet to be identified.

Transmembrane proteins are also an important factor in the unique
interactions between EC and B cells. Increased insulin content
and islet size enlargement can be caused by connexin Cx43
overexpression, which, during steady-state, is highly expressed by
EC in comparison to f cells [48]. Other connexins might affect
this intercellular interaction, especially when considering the
proximity between the two cell types, B cells and ECs.

Effect of p cells on EC

Perhaps the most important factor that relates to EC and is
expressed by B cells is VEGF-A. VEGF-A is regulated by the
B-cell-specific Pdx1 promoter, and  cells secrete large amounts
of the mediator during early and adult life [62]. VEGF-A acts on
VEGFR-2 receptor, which is primarily expressed on intra-islet
capillaries and is downregulated in pancreatic exocrine cells [62].
Its function includes migration and proliferation of EC, as well as
preservation of intact capillary fenestrations. It is regulated in 3
cells by hypoxia and glucose levels, and to the presence of other
angiogenesis or anti-angiogenesis factors. Mice that lack VEGF-A
still have blood vessels, suggesting that some redundant factors play
a role in intra-islet capillary maintenance; nonetheless, blocking
VEGF-A results in a significant decrease in capillary density [48].
Exedin-4, a glucagon-like protein-1 (GLP-1) receptor agonist,
restores VEGF-A levels and promotes blood vessels density [48].

VEGF-A production by p cells is down regulated during
hyperglycemic conditions, most probably due to islet inflammation
[50]; such VEGF-A inactivation results in the development of
glucose intolerance, and suggests that this factor might have
a role in the early stages of diabetes. Moreover, in this regard,
insulin secretion may be a synergistic process alongside VEGF-A
release, causing EC to secrete HGF and by this facilitating f§ cell
proliferation and adaptive islet expansion.
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Contributing to electrical coupling between adjacent [ cells,
Connexin36 (Cx36) serves as a prominent gap junction protein
inherently involved in glucose-induced calcium oscillations [63].
Islets that lack Cx36 present with increased basal insulin secretion,
alongside compromised glucose-induced insulin secretion [64].
The gene for Cx36 resides in a locus that is associated with
heightened risk for diabetes type 2 [65], supporting the notion
that a dysfunctional Cx36 may be involved in the pathogenesis of
diabetes.

Endothelial cells respond to local B cell-derived insulin by
increasing the expression of NO sythetase [66]. In fact, excessive
NO might take part in promoting [ cell apoptosis in diabetes
[67]. EC and B cells are affected dramatically by stress-induced
situations. Islet transplantation is one example of this scenario. The
preparation process of isolated islets for the purpose transplantation
holds many stressful points which might influence transplantation
prognosis; islets from the donor are severed from their rich blood
supply in the pancreas, resulting in a lack of basic infrastructure
for rapid revascularization upon engraftment. Indeed, at least 60%
of the B cell mass is readily lost after their transplantation, mostly
attributed to the isolation process.

Transplantation of P cells versus whole islets: the aspect of
inflammation and immunity

The concept of surgical replacement of the lacking B cells in
patients with diabetes has come a long way since the first  cell
and islet transplantation procedures had begun. Transplantation of
differentiated B cells and even of stem cells that will differentiate
into B cell, is an example of attempts to overcome limitations
involved inisolating islets from human donors. A variety of methods
have been developed to enhance [ cell survival, and one of the
most profound improvements was achieved by co-transplantation
of both B cells and EC [68]. Similarly, over expression of VEGF-A
in transplanted islets increased B cells survival [69]. Alternative
sources for islets, i.e., xenotransplantation, is also an important
avenue in B cell replacement therapy, yet it faces constraints that
overlap some of the major limitations in human islet isolation,
including the withstanding of oxidative damage and local
inflammatory cytokines [70, 71].

The immune system is involved in several pancreatic pathologies.
Factors that gravely affect f cell survival include IL-1B, IFNy
and TNFo; although an essential molecule, high levels of NO
synthetized by cytokine-elicited iNOS will cause a toxic decrease
in B cell ATP production [67]. Importantly, the effect of NO on 3
cells displays some species-specific differences: unlike in rodent
studies, iNOS inhibitors attenuate cytokine-mediated human islet
injury by only about 50%, suggesting that human islets are less
sensitive to NO in comparison to rodents [72].

The way P cells react to inflammation changes dramatically
between isolated B cells and whole islet  cells. For example,
the human pancreatic B cell line EndoC-BH1 does not respond to
cytokines in the same way that human islets do; it fails to produce
NO in response to inflammatory cytokines, and inhibitors of NO
do not prevent cell injury within the cell line [72]. Insulin secretion
in normal cytokine-treated 3 cells is impaired by NO-dependent
inhibition of the process of oxidative phosphorylation. Yet EndoC-
BH1 cells display injury irrespective of oxidative phosphorylation.
Some reports depict a key role for NO in generating ER stress in

rat islets, but not in mouse or human islets [14].

Another important factor that arises during inflammation in islets
is heat shock protein 70 (HSP70), a protein that protects cells from
stress-induced injury and, for this matter, nitric oxide toxicity
in human islets [73, 74]. Islets and B cell lines that overexpress
HSP70 are resistant to cytokine injury, but unlike in the case of
whole islets, cell lines that overexpress HSP70 are also resistant to
ER stress activators [75].

Islet resident macrophages

While it is clear that 3 cells are highly responsive to their immediate
cytokine environment, they reside in close proximity to local
macrophages. M1 and M2 depict classic and alternative activation
profiles of macrophages [76], each associated with reciprocally
different factors: M1 is associated with IFNy and M2 with IL-4.
The former relates to the acute inflammatory response, and the
latter with tissue maintenance and repair. Resident macrophages
are found in the inter-acinar stroma and in islets, although they
differ in their characteristics. In islets, resident macrophages
represent the only myeloid cell population, their population size is
dependent on macrophage colony stimulating factor 1 (CSF-1) [8].
These express IL-1p and TNFo under steady state conditions and
high levels of MHC class 1II; i.e., they are of the M1 pole [8]. They
have been suggested as effector cells in B cell destruction during
the development of autoimmune diabetes [77]. For instance,
TNFo, IFNy and IL-1B induce iNOS expression in resident
macrophages and consequently, local NO levels reach [ cell-toxic
concentrations. While this is obviously an unwanted reaction, the
study of isolated B cells that lack this intimate response might not
reflect an authentic progression of diabetes.

The important component of direct islet innervation

Both B and a cells respond to signals from the nervous system
[78]. a cells are stimulated by the sympathetic division, which
simultaneously inhibits  cell secretion of insulin and facilitates
a sharp rise in blood glucose levels. Electrophysiological studies
have established significant differences between the electrical
properties of the two cell types, and between isolated 3 cells and
B cells within intact islets [40]. For example, B cells within intact
islets will respond to extracellular glucagon with two spikes: an
initial responsive spike followed by a burst of a reaction; isolated
B cell only display the latter spike. The pulsatile nature of insulin
release is a result of simultaneous firing and calcium load in B
cell syncytium. f§ cells within islets respond to stimulatory glucose
concentrations with synchronous and homogeneous calcium
currents, that are absent in isolated  cells (i.e., isolated B cells
display asynchronous calcium currents). This oscillatory pattern
has important advantages, including the reset of secretory and
peripheral effector mechanisms, and is important for the fine-
tuning of B cell responses. The coupling of B cell responses
between each other and their modification by the presence of o
cell-derived glucagon, might be responsible for a significant
part of the observed differences between B cell behavior in their
isolated form and f cells in their physiological positioning within
intact islets.

One of the factors that might affect the outcome of islet
transplantation is islet innervation. The pancreatic islet is
innervated as part of the digestive system, but once the islets or
cells are dislodged, it is unclear how host-derived axons find their
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way in order to regulate secretion in a transplanted patient or
animal. Indeed, the separation of the islets or isolated cells might
damage their ability for re-innervation or any other electrical
activity between the cells, or between islets and the entire secretory
system. This might be another key cause for the limited outcomes
in islet transplantation that deserves further research.

Conclusion

While important advances have been gained in our understanding
of B cell differentiation and the factors required for this complex
process, it appears that the isolated B cell is somewhat removed
from its optimum capacity to regulate blood glucose levels.
Nonetheless, by exploring the requirements of the B cell in as far
as neighbor cells and dynamic local factors are concerned, one
may anticipate the emergence of B cell replacement outside the
realm of islet grafting. Together with major advances in genetic
engineering in general and in that respect, of islet cells, it may
be feasible to replace whole islet grafts with more durable and
potent B cell transplants. That said, the multitude of factors that
affect the function of a B cell are still not fully understood, and
require extensive research; to that end, the prominent distinctions
that have been described to exist between the whole islet and the
isolated B cell must be taken into consideration.
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