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Summary. Insulin, glucagon, somatostatin and pancreatic
polypeptide cells were stained by immunoperoxidase tech-
niques and quantitated morphometrically in sections of pan-
creases obtained from eight control subjects, four Type 1 (in-
sulin-dependent) and eight Type2 (non-insulin-dependent)
diabetic patients. The whole pancreas was studied to take into
consideration the heterogeneous distribution of the different
cell types. From the volume density of each cell type, and the
weight of each lobe of the pancreas, the total mass of endo-
crine tissue was calculated. It averaged 1395 mg in control
subjects, 413 mg in Type 1 and 1449 mg in Type 2 diabetic pat-
ients. The loss of endocrine tissue observed in the Type 1 pat-
ients was almost restricted to the lobe poor in pancreatic
polypeptide cells. In these patients, B cells were practically
absent (at the most seven per section), but the ‘atrophic islets’

still contained numerous A, D, or pancreatic polypeptide
cells. The mass of A, D and pancreatic polypeptide cells and
the ratio of D to A cells were not different from those measur-
ed in the control subjects. This shows that the disappearance
of B cells in Type 1 diabetes has no preferential effect on any
other endocrine cell of the pancreas. In Type 2 diabetes, the
mass of A cells was increased, whereas that of B, D and pan-
creatic polypeptide cells was not changed. This hyperplasia of
A cells leads to a decrease in the ratio of Bto A and of D to A
cells. These alterations may enlighten certain aspects of the
physiopathology of Type 2 diabetes.
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The pathology of the endocrine pancreas in human dia-
betes mellitus has long received much attention [1-7].
However, our current knowledge, reviewed recently [8,
9] essentially remains based on studies of small speci-
mens of the pancreas stained with histochemical meth-
ods. More sensitive and more specific immunocyto-
chemical techniques were used in only three studies of
fragments of pancreas obtained from Type1 (insulin-
dependent) diabetic patients [10-12].

The present work is a quantitative study of the cyto-
logic composition of the endocrine pancreas in normal
subjects, and in Type 1 (insulin-dependent) and Type 2
(non-insulin-dependent) diabetic patients. The entire
pancreas was studied in order to take into account the
heterogeneous distribution of the different cell types
[13-15] and the preferential atrophy of the region poor
in pancreatic polypeptide (PP) cells in Type 1 diabetes
[16]. Furthermore, this approach makes it possible to
evaluate the changes in the total mass of each endocrine
cell type.

Materials and Methods

Pancreases were obtained within 6 h after death, at the autopsies of
four Type 1, eight Type2 diabetic patients and eight age-matched
control subjects. Four of these control subjects were healthy individu-
als killed in road traffic accidents and the other four died from dis-
eases not known to affect the endocrine pancreas. Their fasting blood
glucose levels were normal. Clinical data concerning the diabetic pat-
ients are given in Table 1. The four subjects with Type 1 diabetes had a
typical clinical story and required insulin treatment; one of them had
also taken quinine for 15 years. C-peptide was measured in three of
these patients and was below the minimal detectable level. In the eight
diabetic patients with Type 2 diabetes, fasting blood glucose was >
8.5 mmol/1 on several occasions. In four of them, diagnosis of dia-
betes was made only a few days or weeks before death. Three received
insulin treatment although, in at least two of them, C-peptide levels
were normal.

After careful dissection, the whole pancreas was cut in parallel
slices 2-3mm thick. All slices were numbered, weighed, fixed in
Bouin-Allen’s fluid and embedded in paraffin. The limits of the lobe
rich in pancreatic polypeptide (PP) cells [14, 15] were delineated as
follows: from each slice of the cephalic and isthmic regions, a 5-um
section was stained by the peroxidase-antiperoxidase (PAP) tech-
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Table 1. Characteristics of the control and diabetic patients
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Age Sex Duration of Plasma Treatment Weight of pancreas
diab C-peptid -
(years) (;gagf s ( pr?lzl; /lmT) Total (g) Lobe rich in
PP-cells (%)
Control subjects (n=28) 54 4M - - - 82 111
(18-86) 4F (67-110) (6.9-17.4)
Type 1 diabetic patients 16 F 1.5 0.03# Insulin 39 17.6
37 M 25 0.03 Insulin 26 26.5
49 M 34 - Insulin + sulphonylurea 43 16.5
60 M 14 0.05 Insulin + quinine 51 219
Type 2 diabetic patients 55 M 7 - Insulin 72 11.6
58 M 10 0.15 Sulphonylurea 88 14.2
59 F 6 1.10 Insulin + sulphonylurea 55 109
64 F P - - 80 12.1
65 M ? - - 100 16.9
67 F ? - - 63 14.6
73 F 12 1.60 Insulin + sulphonylurea 56 16.2
75 F ? - - 72 11.6

For control subjects, values are means with the ranges in parentheses. “Non-specific plasma interference in the C-peptide assay is equivalent to
0.03-0.05 pmol/ml. *In four Type 2 diabetic patients, diagnosis of diabetes was made during the hospital admission which preceded death

nique of Sternberger [17], using an antiserum against bovine pancre-
atic polypeptide. The relative surface of the region rich in PP cells was
measured by a semi-automatic image analyser (Videoplan, Kontron
Bildanalyse, Eching, FRG). From these measurements and from the
weight of each slice, the total weight of the two lobes, rich and poor in
PP cells, was calculated.

Specimens were then taken in the posterior part of the head (lobe
rich in PP cells), in the anterior part of the head, in the body and in the
tail. From each of them, four consecutive sections were stained by the
PAP technique with guinea-pig anti-insulin serum (Dr. P. H. Wright,
Indianapolis), rabbit anti-glucagon serum (Dr. A.Like, Worcester,
USA), rabbit anti-somatostatin serum (Dr. W.Gepts, Brussels) and
rabbit anti-pancreatic polypeptide serum (Dr. R. E. Chance, Indiana-
polis) at dilutions of 1/3000, 1/4000, 1/10000 and 1/40000, respec-
tively. The specificity of each reaction was assessed by absorption of
the antiserum with the corresponding antigen.

The volume density of each endocrine cell type and of mesenchy-
mal tissue was determined by the point counting method of Chalkley
[18], as previously reported [19]. When the volume density of a cell
type is low, its determination is fraught with a large error [19, 20].
Therefore, to increase accuracy, we measured the volume density of
PP cells in the lobe poor in PP cells and of glucagon-cells in the lobe
rich in PP cells by planimetry of all positive cells in a whole section.
The same technique was also used for insulin-cells in the Type 1 dia-
betic patients. The volume density of each cell type is given relatively
to the epithelial tissue, thus excluding mesenchymal tissue; this mode
of expression avoids the influence of changes in mesenchymal tissue,
such as fatty infiltration, on the volume density of the endocrine tis-
sue. From the volume density of each cell type in the two lobes of the
pancreas, the proportion of mesenchymal tissue and the absolute
weight of these two lobes, the total mass of the different endocrine
cells was calculated. Approximation of mass to volume appears justi-
fied by the lack of difference in the percentage of mesenchymal tissue
in these three groups: 21.7 £2.5% in control subjects; 28.1+5.3% in
Type 1 diabetes; 25.0+1.9% in Type 2 diabetes (mean + SEM).

The proportions of A, B and D cells outside the islets were deter-
mined as follows. In the Type 1 patients, all B cells in a section were
counted. For B cells in the control subjects and in the Type 2 patients,
and for A and D cells in the three groups, 500 nucleated cells were
counted and their localization determined. For these measurements
the sections were taken from the region poor in PP cells.

Results are presented as mean £ SEM or with the range. The sig-
nificance of differences between means was assessed by the Wilcoxon
rank-sum test [21].

Results

The weight of the pancreas was severely reduced in
Type 1 diabetes but, as previously reported [16], the at-
rophy was almost exclusively restricted to the lobe poor
in PP cells. This resulted in an increase in the relative
volume of the lobe rich in PP cells (Table 1). The weight
of the pancreas was not significantly changed in Type 2
diabetes.

In the posterior part of the head (rich in PP cells),
the volume density of total endocrine tissue was similar
in the three groups of subjects (Fig.1). In the anterior
part of the head and in the rest of the pancreas, the vol-
ume density of endocrine cells was decreased in the
Type1 diabetic patients (p<0.005), but it was not
changed in the Type 2 diabetic patients compared with
the control subjects. In normal subjects and in the
Type 2 diabetic patients, the volume density of endo-
crine tissue was higher in the tail than in the anterior
part of the head (p <0.025). There was no difference in
the Type 1 patients (Fig. 1).

The proportion of endocrine cells found outside the
islets, in the region poor in PP cells, is given in Table 2.
In three of the four cases of Type 1 diabetes, it was still
possible to identify rare B cells (one to seven cells per
slice); they were always isolated between acinar cells.
The proportion of A cells present outside the islets
tended to be higher than in the control subjects, but this
was significant only for the small clusters. The per-
centage of isolated D cells was strikingly increased. By
contrast, fewer A and D cells were found outside the is-
lets in the Type 2 diabetic patients, but the difference
was significant only for A cells in small clusters
(Table 2).

In the region poor in PP cells, islets of control sub-
jects displayed a regular architecture with a central core
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Table 2. Percentages of the different endocrine cells present outside
the islets

Isolated cells Small clusters

(%) (%)
Insulin cells
Control subjects 41 (1.7- 7.0 12.6 (7.0-15.7)
Type 1 diabetes 100 -
Type 2 diabetes 37 (1.6-62) 9.5 (44-16.4)
Glucagon cells
Control subjects 38 (0.5-55). 3.5 (1.1- 6.0)
Type 1 diabetes 51 (1.2- 8.0) 6.9°(5.3- 9.1)
Type 2 diabetes 29 (06- 6.1) 1.12(0.0- 2.2)
Somatostatin cells
Control subjects 43 (0.6- 7.2) 5.9 (0.0-10.0)
Type 1 diabetes 15.52 (12.6-19.4) 109 (7.2-15.6)
Type 2 diabetes 27 (1.1- 48) 3.1 (0.8- 9.6)

Results are expressed as mean with range in parentheses. *p <0.005
and Pp=0.01 versus control subjects. Measurements were made in the
region poor in PP cells. Nucleated cells isolated in ducts or in acini, or
grouped in clusters of less than four cells were considered as being
outside the islets
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Fig.1. Volume density of total endocrine tissue in four regions of the
pancreas of control and diabetic subjects. Control subjects ;
Type 1 diabetic patients [_|; Type 2 diabetic patients §. The whole
columns represent the mean volume density (+ SEM) in relation to
epithelial tissue and the bars in the columns represent the mean
volume density in relation to epithelial + mesenchymal tissue

of B cells and non-B cells at the periphery or along insu-
lar capillaries. In the Type 1 diabetic patients, the islets
were smaller in size and were less easily seen because of
poorly defined limits. They often displayed a ribbon-
like pattern with A and D cells intermingled without
particular organization. In the Type 2 diabetic patients,
the general appearance of the islets was variable. Some-
times they were similar to control islets and sometimes
they appeared markedly subdivided into lobules by fi-
brous septa or by deposits of amyloid substance. In the
region rich in PP cells, many islets contained few B
cells, even in normal subjects, and their architecture was
often irregular. In the Type 1 diabetic patients, certain
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islets were composed almost exclusively of PP cells,
showed a serpentine aspect and were in close contact
with ductular structures.

Table 3 details the volume density of the four endo-
crine cell types in the three groups of subjects. In the
Type 1 patients, the volume density of B cells was prac-
tically zero, that of A cells (in the PP-poor region) and D
cells (in both regions) was increased by 1.5-to twofold,
and that of PP cells was unchanged. In Type 2 patients,
the volume density of B, D and PP cells was not signifi-
cantly different from that measured in control subjects.
The volume density of A cells was significantly (p<
0.001) increased in the two lobes of the pancreas
(Table 3).

The relative proportions of the four endocrine cell
types in the different regions of the pancreas are shown
in Figure 2. In the Type 1 patients, the disappearance of
B cells resuited in a marked increase in the proportion
of A and D cells, at least in the regions poor in PP cells.
On the other hand, the ratio of D to A cells did not dif-
fer from that found in control subjects (Table 4). In the
lobe poor in PP cells of the Type 2 patients, the propor-
tion of A cells increased (p<0.001), that of B cells
tended to decrease (p=10.05) and that of D cells was not
significantly changed (Fig.2). The ratio of A to B cells
was markedly increased, whereas that of D to B cells
was unchanged. The ratio of D to A cells was decreased
by about 50% (Table 4).

The total mass of endocrine tissue averaged
1395mg in control subjects, 413mg in Typel and
1449 mg in Type 2 patients. If the two lobes of the pan-
creas were considered separately, it could be calculated
that, in Type 1 diabetes, the loss of total endocrine tis-
sue reached 81+4.3% (p<0.01) in the lobe poor in PP
cells and that the decrease of 10+28% was not signifi-
cant in the lobe rich in PP cells, The calculated mass of
each endocrine cell type in the pancreas of control and
diabetic subjects is shown by Figure 3. In the Type 1
diabetic patients, the mass of A, D and PP cells was not
significantly different from that estimated for control
subjects. It should be pointed out, however, that the
highest value, for each cell type, was measured in the
patient chronically treated with quinine. In the Type 2
diabetic subjects, the mass of B, D and PP cells was not
modified; only one of the eight subjects had a mass of
D cells below the lowest control values. The mass of
glucagon cells was increased compared with that in
control subjects (p=10.05).

Discussion

In the present study, patients classified as Type 1 dia-
betic subjects were completely dependent on exogenous
insulin and had no measurable plasma C-peptide. Their
pancreases showed a marked atrophy almost limited to
the lobe poor in PP cells [16], and a complete loss of B
cells. In three of them, a few B cells could still be seen,
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Table 3. Volume density of insulin, glucagon, somatostatin and pancreatic polypeptide cells in relation to epithelial tissue

Head (posterior)
(%)

Head (anterior)
(%)

Insulin cells
Control subjects
Type 1 diabetic patients
Type 2 diabetic patients

Glucagon cells
Control subjects
Type 1 diabetic patients
Type 2 diabetic patients

Somatostatin cells
Control subjects
Type 1 diabetic patients
Type 2 diabetic patients

Pancreatic polypeptide cells
Control subjects
Type 1 diabetic patients
Type 2 diabetic patients

0.51 (0.19-0.90)
<0.01
0.64 (0.28-1.44)

0.03 (0.01-0.08)
0.03 (0.01-0.06)
0.09 (0.01-0.19)

0.10 (0.04-0.18)
0.24 (0.06-0.46)
0.08 (0.02-0.19)

2.33 (1.00-3.45)
2.98 (2.05-5.30)
1.89 (1.27-3.05)

1.21 (0.60-1.82)
<0.01
1.43 (0.64-2.36)

0.40 (0.15-0.67)
0.56 (0.20-0.87)
0.59 (0.23-1.53)

0.22 (0.08-0.43)
0.39 (0.10-0.85)
0.18 (0.01-0.31)

0.03 (0.02-0.08)
0.02 (0.01-0.04)
0.02 (0.01-0.03)

Body Tail

(%) (%)
124 (0.84-1.73) 1.84  (1.40-2.79)

<0.01 <0.01
172 (0.77-3.03) 214 (1.57-3.35)
036 (0.23-0.51) 0.36  (0.12-0.63)
0.66 (0.40-1.09) 0.72  (0.47-1.08)
0.79  (0.50-1.16) 090  (0.53-1.31)
0.19 (0.07-0.30) 0.15  (0.09-0.26)
033 (0.14-0.57) 0.35  (0.12-0.80)
023 (0.02-0.34) 022 (0.04-0.30)
0.03  (0.02-0.05) 0.05 (0.01-0.10)

0.02 (<0.01-0.04)

0.03

(0.02-0.10)

0.04 (< 0.01-0.07)

0.07

0.01-0.15)

Values are means with the ranges in parentheses

Control subjects
80

60
40

20

Type 1 diabetes

80 |-

60
40
20 +

Type 2 diabetes
80

Percentage aof each endocrine cell type

60 -

20 -

Head Hea Body Talil
{posterior}  (anterior)
Fig.2. Percentage of each endocrine cell type in four regions of the

pancreas of control and diabetic subjects. B cells Acells ;D
cells ;PP cells | Values are mean = SEM

always isolated between acinar cells. Their number (at
the most seven per section) was incomparably lower
than in many cases of ‘juvenile-onset’ diabetes studied
earlier with histochemical [2-5, 22] or with immunocy-
tochemical methods [12]. This discrepancy cannot be
explained simply by differences in the duration of the

disease, since our subjects had been diabetic for only
1.5 to 34 years. It more likely results from some hetero-
geneity of the material used in these larger earlier series.
This study confirms that the percentage of islet tis-
sue is markedly reduced in the pancreas of Type 1 dia-
betic patients [2-5], but also shows that the decrease in
volume density of the endocrine tissue occurs essential-
ly in the lobe poor in PP cells. The proportion of B cells
in the islets of the lobe rich in PP cells is too small for
their disappearance to affect substantially the percent-
age of endocrine tissue in that region. It must also be
emphasized that the volume density of endocrine tissue
measured in a specimen of the lobe poor in PP cells
does not permit adequate quantification of the changes
occurring in Type 1 diabetes. Thus, the atrophy of the
exocrine pancreas leads to underestimation of the atro-
phy of the endocrine tissue; the actual decrease in total
endocrine cell mass in that region is as high as 81%,
whereas the average decrease in volume density is only
50%. Our estimation agrees with the 75% decrease re-
ported by others [23], but can hardly be compared with
values published in earlier studies since the distinction
between the two types of diabetes was not clearly made.
As previously reported [10, 12], the atrophic islets of
the lobe poor in PP cells still contain numerous A and D
cells. Their volume density was increased compared
with the control subjects, again because of the atrophy
of the exocrine tissue, but their total mass was instead
slightly decreased. Disappearance of B cells caused dra-
matic changes in the relative proportions of the differ-
ent islet cells, but the ratio of D to A cells was not al-
tered. This suggests that the disappearance of insulin
cells has no preferential influence on either of these two
cell types. This. does not imply that the interrelation-
ships between A and D cells are insensitive to the
marked architectural alterations of the islets. In this re-
spect it is interesting to note that the proportion of iso-
lated D cells is increased 3.5-fold in Type 1 diabetes.
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Table 4. Ratios of volume densities of A, B and D cells

A/B D/B D/A
Control subjects 026+0.02 013+£002 0.55+0.08
Type 1 diabetic patients - - 0.51£0.11
Type 2 diabetic patients  0.43+0.03>  0.12+0.02  0.29+0.06°

Results are expressed as mean = SEM. 2p < 0.001, ®p < 0.05 versus con-
trol subjects. Comparisons were made between the average volume
densities of each cell type in the three regions of the lobe poor in PP
cells
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Fig.3. Estimated total mass of each endocrine cell type in the pan-
creas of control and diabetic subjects

Among the four Type 1 diabetic patients, the highest
mass of A, D and PP cells was measured in the same
subject. For many years this patient had been treated
with quinine, a drug known to increase markedly the re-
lease of insulin in vitro [24]. It is possible that quinine
also influences the other cell types of the endocrine
pancreas. One cannot rule out, however, that the high
mass of non-B cells is due to a later onset of diabetes
(46 years) than in the other patients (<15 years).

Patients were classified as having Type?2 diabetes
according to standard criteria [25). All of them still had
an important mass of B cells in their pancreas, even
when control of their blood glucose appeared to require
insulin therapy. This persistence of B cells is in agree-
ment with the findings of numerous earlier studies
using histochemical techniques [8, 9].

It has been reported that the total mass of islet tissue
is decreased in Type2 diabetes. The extent of this
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change is difficult to evaluate from the studies of
McLean and Ogilvie [2] and Gepts [4] since the distinc-
tion was not clearly made between the two types of dia-
betes. These authors acknowledged, however, that there
is a considerable overlap between the figures obtained
in patients with a ‘diabetes of late onset” and in control
subjects. Two more recent studies [23, 26], also using
histochemical techniques, estimated the decrease in the
mass of islet cells to about 40% in Type 2 diabetes. In
the present series no significant change was found in ei-
ther lobe of the pancreas. There may be several expla-
nations for this discrepancy. First, our immunocyto-
chemical technique is more sensitive and better able to
detect pootly granulated cells, which may escape recog-
nition by histochemical methods. Second, the popula-
tions of patients may be different. In one study [26], all
diabetic patients had important amyloid deposits in
their islets. Interestingly, the only two of our patients
who had similar deposits exhibited an average decrease
of 35% in the mass of total endocrine tissue in the lobe
poor in PP cells.

There appears to be general agreement between ali
but one study [23], that the relative proportions of B and
A cells are altered in Type 2 diabetes [8, 9]. We confirm
here that the ratio of A to B cells is increased and that
this modification is due to an absolute increase in the
mass of A cells. The suggestion [27] that the proportion
of somatostatin cells is increased in Type 2 diabetes is
not borne out by the present data, which show that the
ratio of B to D cells and the total mass of D cells are not
different from those found in control subjects. It is also
striking that the proportion of isolated D cells is not in-
creased as in Type 1 diabetes.

Finally, the present findings may have several phy-
siopathological implications: (1) From morphometrical
studies showing a decrease of D cells in hyperinsulinae-
mic diabetic mice [28], it was inferred that the elevation
of circulating glucagon levels in Type 2 diabetes could
result from a somatostatin deficiency [29]. Our data do
indeed reveal a marked decrease in the ratio of D to A
cells, which, however, is due to an absolute increase in
the mass of A cells rather than to a decrease in the mass
of D cells. (2) The lack of changes in the mass of D and
A cells and the normal D to A cell ratio in the Type 1
diabetic patients are in keeping with the hypothesis [30]
that the hyperglucagonaemia found in these patients re-
sults from an intra-islet insulin deficiency. (3) Altera-
tions in the circulating levels of somatostatin or pan-
creatic-polypeptide in either type of diabetes cannot be
ascribed to changes in the mass of D or PP cells. (4) The
marked hyperplasia of D cells in animals made diabetic
with streptozotocin [10] is an important characteristic
that distinguishes the animal model from human Type 1
diabetes.
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