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Blood Flow in the Pancreatic Islet: Not so Isolated
Anymore
Joana Almaça1 and Alejandro Caicedo1,2

The pancreatic islet is a highly vascularized endocrine
mini-organ that depends on blood supply to function
efﬁciently. As blood ﬂows through islet capillaries reaching different endocrine cell types, it signiﬁcantly impacts
nutrient sensing, paracrine communication, and the ﬁnal
hormonal output. Thus, any change in blood ﬂow, either
induced physiologically (e.g., nervous input) or as a result
of pathological changes (e.g., ﬁbrosis), could affect islet
function. It is not a stretch to state that the way the islet
vasculature is arranged anatomically and regulated functionally must have consequences for glucose homeostasis.
Despite its potential impact for islet function, interest
in the islet vasculature has been sporadic and is certainly
not equal to that professed to the cells it serves. Still, there
has been a substantive research effort in this arena. From
beautiful scanning electron images of corrosion casts (1)
to creative physiological experiments using perfused pancreases (2) and microbeads (3), investigators have employed
various approaches to study the microcirculation of the
islet. The results of these studies provided structural and
functional insight but also raised questions. To settle a
debate that had started in the mid-1960s, a group of
prominent islet biologists decided to meet in 1996 to
review existing notions about islet blood ﬂow and “agreed
to disagree” that there were three models (4). In model 1,
non–b-cells are perfused before b-cells, allowing other
endocrine cells to inﬂuence b-cells located downstream.
In model 2, b-cells are perfused before the other endocrine cells and thus dominate islet function. In model 3,
there is no apparent order of perfusion, but blood ﬂows
from the afferent to the efferent pole of the islet. The
three ﬂow patterns were conﬁrmed more recently in
in vivo studies in mice (5). Incidentally, the hierarchical
organization based on blood ﬂow may be possible in the
mouse islet with its mantle versus core organization, but
this scenario is highly unlikely in the desegregated human
islet.

Their differences notwithstanding, all three models
assumed that the islet microcirculation is self-contained,
with each islet having its own vascular network comprising feeding arterioles, a glomerulus-like capillary net, and
dedicated venous drainage (Fig. 1). This arrangement
allows islet blood ﬂow to be regulated independently from
that of the exocrine pancreas. This notion is now being
challenged by hot-off-the-press ﬁndings appearing in this
issue of Diabetes. In their study, Dybala et al. (6) used
intravital imaging of the exteriorized mouse pancreas to
track individual red blood cells moving through islet
capillaries in real time. In these technically challenging
experiments, the authors followed red blood cells as they
exited and entered the islet and found that blood ﬂow is
bidirectional and continuously integrated with that of the
exocrine pancreas at multiple locations. The idea that
islets, in particular smaller islets, could be incorporated
into the exocrine capillary system is not completely new
(7), but in their study, Dybala et al. moved anatomical
guesswork into real-time in vivo physiology to show directly that the islet microcirculation is open and not
isolated from that of the surrounding exocrine tissue.
The authors not only produced astonishingly detailed
images of the pancreas vasculature but were further able to
measure the basal velocity of individual red blood cells. The
average speeds were similar inside and outside the islet,
contradicting the prevalent view that islet blood ﬂow is
5–10 times higher than in exocrine tissues. Because in vivo
recordings of capillary blood ﬂow are not yet possible in
the human pancreas, the authors could only obtain structural data for human islets. The results are in line with
previous observations made on corrosion casts that islets
in the human pancreas are connected with the exocrine
tissue through insulo-acinar portal vessels (1). Blood ﬂow
in the human islet can be expected to be integrated with its
surroundings, as its vasculature already shows less of the
tortuosity typical of the mouse islet vasculature (8,9). It is
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difﬁcult to tell apart endocrine from exocrine regions
based on vascular architecture in human pancreas sections.
In addition, human islets do not have distinctive boundaries such as a capsule, which eliminates another barrier
for full integration into the pancreatic vascular network.
The model proposed by Dybala et al. (6) still requires
experimental conﬁrmation by peers in the ﬁeld before it
becomes the new canon (Fig. 1). Nevertheless, from a physiological point of view, it makes sense that blood supply to
endocrine and exocrine compartments is integrated. Secretion of digestive enzymes and insulin is simultaneously
activated when nutrients need to be absorbed (i.e., the fed
state), which requires coordinated increases in blood perfusion to both regions. The intimate relationship between
islets and acinar tissues is evident in ﬁndings showing that
diabetes is often associated with abnormal pancreatic
exocrine function (10) and that pancreases of individuals
at risk for or with type 1 diabetes are smaller (11). If these
compartments are integrated through their vasculature,
then acinar tissues should be exposed to high concentrations of islet secretory products, such as insulin, and vice
versa. Indeed, insulin has been shown to regulate exocrine
function by affecting protein biosynthesis and zymogen
discharge, in particular of amylase (12). In general, however, there is relatively little interest in understanding how
the exocrine and endocrine tissues of the pancreas inﬂuence each other. In view of the results shown here, the
biology of the endocrine pancreas (studied by endocrinologists) should no longer be studied separately from that of
the exocrine pancreas (the focus of gastroenterologists).
If endocrine and exocrine regions are really this integrated, is there still a chance for blood ﬂow to be
regulated selectively? Blood ﬂow in the islet was proposed

to be controlled by external gates at the level of the arteriole as well as by internal gates at the level of capillaries
(4). These internal gates were described in early in vivo
microscopy studies as “bulging endothelial cells” within
islet capillaries that could inﬂuence the velocity and volume of blood ﬂowing through capillaries (13). These internal gates are now known to be pericytes capable of
changing islet capillary diameter and blood ﬂow in response to increased b-cell activity or sympathetic nervous
input (14). Thus, by responding to local and neural signals,
the islet vasculature can alter blood ﬂow selectively (Fig. 1).
It is likely that similar mechanisms exist in acinar regions.
Thus, we can imagine a scenario in which the perfusion of
endocrine and exocrine compartments is regulated conjointly at the level of the pancreatic lobe while allowing for
local control without the need for separate circulations.
This should make everyone happy.
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Figure 1—Cartoons depicting three different models of blood ﬂow in the pancreas. Until recently, the microcirculation of the islet was
considered to be independent of that of the surrounding exocrine tissues (left). In an article published in this issue of Diabetes, Dybala et al. (6)
now show that the circulation of the islet is integrated with that of the exocrine tissue, with blood ﬂowing bidirectionally between both
compartments (center). In a more sophisticated model, regulatory elements such as nervous input and vascular gates can be incorporated
into this scheme to allow for local control of blood ﬂow (right).
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