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SUMMARY

The A-, D-, and B-cells—the islet cells that contain, respectively,
immunoreactive glucagon, somatostatin, and insulin—are distri-
buted within a specialized heteroceilular region of the islets of
Langerhans as if to permit heterologous contacts between all three
cell types. Inasmuch as each one of the three secretory products of
these three cell types influences the secretion of at least one of its
neighboring cells, "paracrine" influence on islet hormone secre-
tion becomes a reasonable hypothesis. Glucagon stimulates both
insulin and somatostatin release, while insulin and somatostatin
both inhibit glucagon release, providing the basis for a feedback
relationship through which A-cell secretion may be restrained. In
addition, glucagon-mediated insulin secretion may be restrained by
glucagon-stimulated somatostatin release. Such intercellular rela-
tionships could help determine the composition of the insulin and
glucagon mixtures released within a given metabolic setting.
DIABETES 2(5:241-44, March, 1977.

In all forms of diabetes, A-cell secretion is charac-
teristically unrestrained, and in all forms of diabetes
the normal heteroceilular relationships are disrupted.
In the hypoinsulinemic forms of diabetes insulin-
containing B-cells are sparse, and lack of locally se-
creted insulin in the vicinity of the A-cells could be
the cause of the hyperglucagonemia, which can be
promptly corrected by large doses of exogenous insu-
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lin. In the hyperinsulinemic forms of diabetes, by
contrast, it is the somatostatin-containing D-cells that
are sparse while insulin-containing cells are abundant;
here lack of locally secreted somatostatin in the vicin-
ity of the A-cells could be the cause of the hypergluca-
gonemia, which, interestingly, is not corrected by
even very large doses of exogenous insulin. Thus, the
D-cell and the heteroceilular region of the islet may
well play an important role in normal islet-cell func-
tion, the disruption of which may contribute to cer-
tain anomalous manifestations of the diabetic state.

Recent immunocytochemical studies of the topo-
graphic interrelationships of the A-cells, D-cells, and
B-cells of the endocrine pancreas of man and of the rat
have defined a heteroceilular region in the islets of
Langerhans in which these three cell types are in direct
contact with one another.1>2 When this fact is consid-
ered in the light of recent demonstrations that each of
their respective secretory products—glucagon,
somatostatin, and insulin—can modify the secretory
activity of at least one of their neighboring cells,3"8

the existence of a "paracrine" system of secretory con-
trol that directs local actions of these secretory pro-
ducts2 becomes an attractive hypothesis.

EVIDENCE FOR NORMAL PARACRINE RELATIONSHIPS

Samols et al. first reported that glucagon stimulates
insulin secretion3 and that insulin inhibits glucagon
secretion,4 and he proposed an A-cell—B-cell feed-
back circuit.5 Subsequently, the immunoreactivity of
somatostat in,6 a powerful suppressor of both
insulin457"9 and glucagon release,89 was identified in
the pancreatic is lets1 0"1 2 and localized to the
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D-cells,13'15 which in man and in the rat are situated
between the outer A-cell mantle and the inner mass of
B-cells12 (figure 1, left upper panel). And most re-
cently it has been reported that glucagon (but not
insulin) stimulates immunoreactive somatostatin re-
lease from the isolated perfused dog pancreas.16 Thus,
the secretory products of each of the three cell types
can influence the secretion of one or more of the
nearby cell types. The recently reported arginine-
induced stimulation of somatostatin release from the
isolated perfused dog pancreas17 could, at least in
part, be mediated by local glucagon release and, in
turn, influence the magnitude of the secretory re-
sponses of its neighboring cells.

The direct paracrine peptide-cell relationships de-
picted in figure 1 (left lower panel) are, therefore,
theoretically possible. By virtue of their unique loca-
tion in juxtaposition to both B- and D-cells, the
A-cells of the normal islet may be under the restrain-
ing influence of insulin and of somatostatin released in
response to a rise in local glucagon concentration.
Additionally, glucagon-mediated somatostatin release
may serve to reduce glucagon-stimulated insulin se-
cretion (figure 1, left lower panel), thus preventing an
outpouring of insulin and hypoglycemia during
aminogenic stimulation of glucagon secretion. By
modulating both insulin and glucagon secretion, the
D-cell may influence their relative concentrations in
pancreatic effluent.

ABNORMAL PARACRINE RELATIONSHIPS IN DIABETES

Pancreatic A-cell function is abnormal in diabetes
mellitus.18"20 Plasma glucagon levels are elevated de-
spite hyperglycemia,1819 rise paradoxically following
an oral glucose load,21 and respond excessively to ar-
ginine18 and to a protein meal.22 Such abnormalities
could well reflect loss of the restraining influence on
the A-cell exerted by insulin and/or somatostatin re-
leased from neighboring B- and D-cells.

Cellular relationships in hypoinsulinemic diabetes. In
the hypoinsulinemic forms of diabetes, such as
juvenile-type diabetes of man,x severe streptozotocin
diabetes in rats,1 and spontaneous diabetes of mice
(db/db on a BL/Ks background),23 morphometric
analyses of islets have demonstrated an excess of
A-cells and D-cells coupled with an absence or strik-
ing reduction in B-cells (figure 1, upper center panel).
It can be assumed that in such forms of diabetes insu-
lin is absent or low in the intercellular spaces sur-
rounding the numerous A-cells. While there is an
increase in somatostatin-containing cells in such is-
le t s , 1 2 2 3 distortion of normal intercellular relation-
ships could leave many A-cells without direct D-cell
contacts. However, the most striking abnormality is
lack of B-cells, and the major deficit in these forms of
diabetes would seem to be within-islet insulin, as
postulated by Weir et al.24 (figure 1, lower center
panel). It is noteworthy, therefore, that in human
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FIGURE 1

Upper panels—The topographic relation-
ships of A-, D-, and B-cells in the normal
islet, the islet of hypoinsulinemic dia-
betes, and the islet of hyperinsulinemic
diabetes (see text). Lower panels
—Schematization of possible paracrine re-
lationships of the three secretory products
of these cells—glucagon, somatostatin,
and insulin—on the secretory activity of
adjacent cells in the normal state, in
hypoinsulinemic diabetes, and in hyperin-
sulinemic diabetes. An endocrine role for
somatostatin, though not depicted here,
cannot be excluded as a possibility.
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juvenile-type diabetics the manifestations of unre-
strained A-cell activity are correctable by insulin in
doses25"27 that are supraphysiologic in terms of
plasma levels of insulin but not in terms of the con-
centrations of insulin presumably present in the inter-
cellular spaces of the nondiabetic islet.

Cellular relationships in hyperinsulinemic diabetes. At
the opposite end of the diabetic spectrum is the
hyperinsulinemic form of diabetes, also characterized
by unrestrained secretory activity of A-cells. Although
the cellular composition of the islets of hyperin-
sulinemic diabetics has yet to be studied in man,
morphometric analyses of the islets of hyperin-
sulinemic diabetic mice carrying the db or ob gene on
a BL/6J background reveal a striking abundance of
B-cells and a reduction in the number of D-cells.23 In
hyperinsulinemic diabetes, A-cells have ample contact
with insulin-secreting cells but lack sufficient contacts
with somatostatin-secreting cells (figure 1, right
lower_panel). In this form of diabetes the exaggerated
glucagon response to arginine, which normally elicits
a release of pancreatic somatostatin,17 might be a con-
sequence of inadequate local somatostatin release de-
spite the insulin abundance. Indeed, in such patients
the administration of supraphysiologic doses of insulin
fails to improve their exaggerated response to ar-
ginine,22 in sharp contrast to its effectiveness in
hypoinsulinemic diabetes. Moreover, the excessive in-
sulin responses in the hyperinsulinemic form of dia-
betes might also be, in part, the consequence of the
dearth of somatostatin-producing cells in contact with
B-cells.
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