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Summary. Morphometric and ultrastructural studies
were performed on biopsy material from the pancreas of
an infant with severe leucine-sensitive hypoglycemia and
hyperinsulinism, in whom no insulinoma had been found.
Qualitatively many large B cells were observed within the
pancreatic islets. Quantitatively an about two fold in-
crease of islet tissue proportion (4.29,) was demonstrated,
compared with controls of approximately the same age
(1.89,). Differential islet cell counting revealed an in-
crease in A, cells whereas the percentage of A, and B cells
appeared to be unchanged. Ultrastructurally in addition

Reports concerning histopathology [3, 4, 8, 9, 16,
17, 18] or ultrastructure [26] of the pancreatic islets in
idiopathic neonatal hypoglycemia are rare. Most of the
examined pancreata showed a regular islet system [18],
whereas only few exhibited islet hyperplasia. Moreover,
as quantitative methods were only rarely applied to
islet examination in infants, the diagnosis of islet
hyperplasia as a cause of neonatal hypoglycemia re-
mained often doubtful.

A recent report of Misugi and coworkers [26]
renewed the interest in the islet system in neonatal
hypoglycemia. The authors described islet cell hyper-
plasia in three infants with leucine-sensitive hypo-
glycemia [4] and hyperinsulinism. The ultrastructural
examination revealed a fourth islet cell type in ad-
dition to A, B and D cells. The present report of a case
of leucine-sensitive neonatal hypoglycemia confirms
the findings of Misugi and associates, and briefly dis-
cusses the significance of the observations on the basis
of the literature on this subject.

Case Report

A female infant was born spontaneously with a birth
weight of 4550 g. Two siblings were normal. There is no
family history of diabetes mellitus. The mother showed a
normal oral glucose tolerance test at the sixth day post
partum. At two days of age the newborn was admitted to
hospital because of sudden areflexia, unconsciousness and
generalized cyanosis with snapping breathing. Routine
blood glucose determinations revealed hypoglycemic
values ranging between 3 rag9%, and 60 mg%,. The hypo-
glycemie episodes occurred in the fasting state as well as
after administration of glucose and prednisone. Labora-
tory tests including glucagon stimulation test (see Table 1)

* This work has partly been presented at the VIIL.
Congress of the International Diabetes Federation,
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to A, B, and D cells a fourth islet cell type was demon-
strated in unusual frequency. Its general function and its
particular significance for the hypoglycemic syndrome are
unknown. The findings correspond well with recent ob-
servations on the islet cell system in cases of neonatal
hypoglycemia with leucine-sensitivity and hyperinsulin-
ism.
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and analysis of certain amino acids! in blood and urine
were within normal limits. Tests for extrainsular endocrine
disorders, in particular of the pituitary and the adrenals,
revealed no defects. A 2-deoxy-d-glucose test for excluding
a defective epinephrine response to insulin-induced hypo-
glycemia was not done [32]. The intravenous administra-
tion of L-leucine (150 mg/kg) caused a 50%, drop in blood
glucose 15 min after injection (see Table 1). Immuno-

Table 1. a) Blood glucose values during different tests in an

nfant with leucine-sensitive hypoglycemia. b) Serum im-

munoreactive insulin (IRI) during hypoglycemic episodes.

Normal range of blood glucose : 48 — 103 mg[100 ml. Normal

range of LRI in children: 2—21 wUfml (33), and in
adults : 8—30 pU/ml

a) Glucose Leucine i.v.  Glucagon i.v.
tolerance i.v.
Time
Blood glucose
mg/100 ml
Fasting 31 46 38
15 min 142 23 76
30 min 127 24 102
b) Blood glucose mg/100 ml  IRI Levels
wU/ml
33 (nonfasting) 36
23 (non-fasting) 40
19 (fasting) 60

reactive serum insulin (amberlite adsorption method [25])
concentrations obtained during hypoglycemic episodes in
fasting and non-fasting states were found to be above
normal fasting values in children (2—21 pU/ml [33]) and
even in adults (8—30 wU/ml) (see Table 1). Roentgeno-
graphic studies revealed a possible tumour at the upper
pole of the right kidney. On exploratory laparotomy,
when the infant was at the age of 6 months, neither a

1 (Hydroxyproline, threonine, serine, alanine, valine,

}eueine, tyrosine, phenylalanine, lysine, histidine, argin-
ine).
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tumour of the pancreas nor of the kidney was found. At
operation tissue from the corpus-cauda pancreatis (0.7 x
0.4 X 0.3 cm) was removed for histological and ultra-
structural examination. Subsequently the infant was
treated with a diet poor in leucine, with diazoxide and
primidone. With this therapy hypoglycemia only oc-
casionally oceurred, while the mental impairment showed
no improvement.

Material and Methods

The pancreatic tissue was treated as follows: for

light microscopy it was fixed in Bouin’s fixative. Serial .

sections were stained with hematoxylin-eosin, Periodic
Acid Schiff (PAS), Gomori’s aldehyde fuchsin, the
gilver impregnation technique according to Heller-
strom and Hellman [19], phosphotungstic acid he-
matoxylin (PTAH), and Azan-Mallory trichrome. —
For electron microscopy the tissue was immediately
fixed following removal by immersion in 39, glutaral-
dehyde buffered with 0.1 M sodium cacodylate (pH
7.4) for two hours. After rinsing in 0.1 M sodium
cacodylate buffer the cubes were postfixed in 19, os-
mium tetroxide buffered with 0.1 sodium cacodylate
for 90 min. The fixed tissue was dehydrated in graded
ethanol and after passing propyleneoxide embedded
in Epon 812. Ultrathin sections were cut on a Reichert
ultramicrotome Om U2, double stained with uranyl
acetate and lead citrate, and examined in a Philips
electron microscope EM 300 at 60 kV.

For estimation of the proportion of the islet tissue
in the pancreatic parenchyma 300 different fields were
evaluated in three consecutive sections of 300 yu dis-
tance, each measuring 125600 p2, by means of the
formula TA X 100/FA. TA means the islet area in the
evaluated sections, FA the total area evaluated in the
sections. The areas of the single islets (IAs) were cal-

culated by the formula TA zzd X D (d: smallest dia-

meter of the islet; D: largest diameter of the islet) and
finally summed up to the total islet area. Furthermore,
the average frequency of the islets was calculated from
the number of islets of each field evaluated in the sec-
tions. For differential islet cell counting 1500 cells were
counted with the nucleus as counting base. This was
done on three consecutive sections (3 u thick) stained
with Gomori’s aldehyde fuchsin (B cells), the silver
impregnation technique [19] (A, cells) and PTAH (A,
cells). Differential islet cell counting was also performed
at the ultrastructural level with the nucleus as count-
ing base. 500 cells were counted. For comparison of the
results from the quantitative studies of the islet cell
system in the present case, post mortem pancreatic
tissue of 10 infants, aged 4 to 8 months, were evaluated
in the same way, as described above. 5 of the infants
suffered from congenital heart failures, 3 from leu-
caemis, 1 from a hemolytic uremic syndrome and 1
died as a result of an accident. The fasting glucose
values of all infants were within normal ranges. The
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pancreatic tissue of these infants, removed within 24 h
after death, was well preserved. It was taken from the
corpus-cauda region (1 x1x0.5 em). No control
material was available for electron microscopic studies.

Results

Light Microscopy

a) Qualitative observations: the pancreas exhibited
extreme islet hyperplasia due to marked increase in the
number of islets and the presence of giant islets (see
Fig. 1a and b). The largest islet diameter was about
700 p. The small islets were often poorly demarcated.
Clusters of islet cells infiltrated between the acinar
cells. Oceasionally they appeared to bud out from the
duct epithelium (see Fig. 1¢). Marked hypertrophy of
single islet cells in each islet was a typical finding (see
Fig. 1b and c). Differential staining revealed A;, A,
and B cells. The hypertrophied islet cells represented
B cells (see Fig. 2). Some of the A, and B cells were only
sparsely granulated.

b) Quantitative observations (see Table 2): the
proportion of the islet tissue in the pancreatic paren-
chyma was 4.29%, (controls: 1.3 to 3.09, with a mean
value of 1.89). The frequency of islets in the pan-
creatic tissue of the hypoglycemic infant was 4.7 (con-
trols: 1.0 to 3.2 with a mean value of 2.2). A, cells
comprised 429%,, A, cells 139, and B cells 459, of the
total islet cell mass. About 109 of the B cells were
hypertrophied and corresponded to the large clear
cells observed in the PAS-stained sections. In the con-
trols, 20 —359, (mean value 249,) were classified as A,
cells, 10—209, (mean value 189,) as A, cells and 50—
609, (mean value 579%,) as B cells.

Electron Microscopy

Ultrastructurally typical islet cell formations as
well as clusters of few endocrine cells in between acinar
cell complexes were observed. A transformation of
exocrine into endocrine cells, suggested from the first
light microscopical examination [12], could not be
confirmed. There were sometimes difficulties in dis-
tinguishing duct cells and endocrine cells which were

* poorly granulated. Four types of islet cells, i.e. A, B,

D and so called type IV cells [6, 7], were identified
(see Fig. 3).

Fig. 1. Islet hyperplasia in an infant with neonatal leu-
cine-sensitive hypoglycemia. a) Marked increase in the
number of islets with hyperplasia of single islets and
diffuse infiltration of islet cell complexes between the
acinar tissue. PAS x 37. b) Giant islet with extreme
hypertrophy of single cells. PAS x 115. ¢) Clusters of islet
cells, partly with hypertrophic nuclei, between acinar
tissue, and budding out from duct epithelium (1 ). PAS X
500
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A cells showed the typical picture as it is known
from the literature [2, 20, 22, 23, 38]. The eccentric
cores of the granules were markedly electron dense
(range of diameter 150 to 400 my). No signs of activa-
tion were present. The A cells comprised 13%, of the
islet cells.

B cells characterized by their granules (range of
diameter 350 to 500 mp) with either polymorphous or
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spheric cores showed varying granulation. In some B
cells there were prominent Golgi complexes, surrounded
by many microvesicles, and well developed structures
of rough endoplasmic reticulum. Single B cells were
found between acinar cells and adjacent to duct cells.
The B cells represented 439, of the islet cells.

The fine structure of D cells was in accordance with
the structural features of this cell type known from the

Table 2. Quantitative estimations of the proportion of islet tissue and islet cells in an
infant with leucine-sensitive hypoglycemia, and in 10 controls (post mortem material )
aged 4 to 8 months. S.D.-Standard deviation

ffe Ii';zleexétage gf ?51;1?;1;));1' Differential islet cell counting
tissueinthe wvisual field
pancreas A A, B

Infant with

hypoglycemia 4.2 4.7 429, 139, 459,

Controls

(n=10)

mean value 1.8 2.2 249, 189, 579%,
(1.3—3.0) (1.0—3.2) (20—-35%) (10—20%)  (50—609)
S.D. 0.62 8.D. 0.70

Table 3. Summary of cases with neonatal hypoglycemia and proved islet hyperplasia

since 1956
Authors Number of Serum Leucine- Ultrastructural
cases insulin sensitivity characteristics
Cochrane et al., 1956 1 4 — —
Douglas, 1959 1 4 ? —
Haworth and Coodin,
1960 1 ? _ —
Haddad et al., 1962 1 ? -+ —
Brown and Young, 1970 1 4 + —
Misugi et al., 1970 3 4 + Type IV cell
hyperplasia

Fig. 2. Differential islet cell staining in two consecutive

sections with Goomori’s aldehyde fuchsin method (left) and

the silver impregnation technique according to Heller-

strom-Hellman (right) showing that the hypertrophic
cells (1) represent B cells. x 500

literature [2, 6, 7, 14, 21, 23, 34, 38]. They constantly
contained numerous large granules of low electron
density (range of diameter 300—700 my). The D cells
comprised 19%, of the islet cells.

The so called type IV cells [6, 7] were characterized
by their granules (see Fig. 3). The size of the granules
was within the same range as of A cell granules (150—
400 my), but the homogenous, electron dense cores
were not eccentrically arranged in the granules. Many
of the type IV cells, generally tending to be larger than
A cells, were hypogranulated (see Fig. 4). These cells
mostly contained only few mitochondria, small sacs of
smooth and rough surfaced endoplasmic reticulum,
some free ribosomes and small Golgi complexes. Well
granulated type IV cells often showed abundant organ-
elles. Type IV cells were located throughout the islets
or between acinar cells (see Fig. 5) and adjacent to duct
cells. Single cells were also observed within the inter-
stitial tissue, where they were sometimes found to be in
close contact to unmyelinated nerve fibres. The type
IV cells comprised 249, of the islet cells.



Fig. 3. Comparison of the A cell, B cell, D cell, and type IV cell granules (from left to right). x 18790

Note the different content of secretory granules. (AC) Acinar cells. X 7583

Fig. 4. Two type IV cells (IV).
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Discussion

Morphometrie studies of a biopsy specimen from
the pancreas of an infant with leucine-sensitive hypo-
glycemia and hyperinsulinism revealed marked islet
hyperplasia and islet cell hypertrophy. The percentage
distribution of the islet tissue in the pancreatic
parenchyma was about twice that of controls. More-
over, there was an increase in A, cells, whereas the per-
centage of A, and B cells was found to be unchanged.

These observations, however, are limited by the
fact that only a small piece of the pancreas was histolo-
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earlier reports on this subject [4, 9, 16, 3]. Summarizing
the findings in these cases, they seem to share the
following characteristics (see Table 3): clinically, a
hyperinsulinism in fasting and non-fasting states and
often leucine-sensitivity can be demonstrated. His-
topathologically, giant islets, numerous clusters of
iglet cells among acinar cells and adjacent to ducts, and
islet cell hypertrophy are present. Furthermore, it is
emphasized in some reports [16, 26] that the large
cells were often agranular. In the present case true
agranular cells were not observed with certainty. All
islet cells, though sometimes poorly granulated, could

Fig. 5. Type IV cell (IV) in close contact with acinar (AC) and eentro-acinar cells (CA). X 7583

gically examined. Whether the same qualitative and
quantitative findings are also present in the rest of the
pancreas, remains therefore uncertain. Thus it can’t be
totally excluded that an insulinoma has been over-
looked, although the pancreas had been carefully in-
vestigated at operation. Insulinomas in.infancy are
rare but have to be considered [29, 30]. In the case
presented, hypoglycemic episodes occurred not only
postprandial but also in fasting states which are in-
dicative of an insulinoma.

On the other hand, the case seems to have similar-
ities with a report of Misugi and coworkers [26] who
demonstrated islet hyperplasia and islet cell hyper-
trophy in three infants with severe hypoglycemia in
fasting and non-fasting states. It also parallels single

be classified either as B cells (large and medium size
cells), A, cells (medium size cells) or A, cells (small
cells) by their staining characteristics and their fine
structure. As some of the large B cells were only
sparsely granulated, it may be suggested that the
hypertrophic agranular cells of the other authors prob-
ably represented hypogranulated B cells [26]. Ex-
perimentally, the so called agranular cell type II [10]
of the proliferating islet cell system in duct ligated rats
with alloxan diabetes might correspond to these hypo-
granulated B cells.

Electron microscopy of the cases of Misugi and
coworkers [26] and of the present case revealed in ad-
dition to typical A, B, and D cells a high number of a
fourth islet cell type, the so called type IV cell [6, 7],
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which is particularly characterized by its small
spherical granules. Some of these cells were hypo-
granulated, and were found within interstitial and
acinar areas. The function of these cells is still a matter
of speculation. Cells with similar granular structures
are found in certain insulinomas [5] and gastrinomas
[36] (Mitschke, personal communication). They are
also thought to have some features in common with A
[34], D [2, 28, 31, 37] and gastrointestinal D, cells [35].
Thus it remains open. whether type IV cells represent
an independent islet cell type, a precursor cell, or a
functional variant of one of the known islet cell types.
From the results of the differential cell counting it is
assumed that type IV cells together with D eells [11,
13] may belong to a heterogenous A, cell group [1], be-
cause there was a striking correspondence, when the
percentages of D and tiype 1V cells, found in the electron
microscope, were summed (439%,), and compared with
the percentage of the A; cells (42%,), light microscopi-
cally determined.

The cause of the inappropriate insulin release and
of the continued proliferation of the islet cell system in
newborn with severe hypoglycemia and hyperinsulin-
ism is unknown. Histopathologically, the large B cells,
indicating hyperactivity, and the islet hyperplasia,
suggesting an increase in the total number of the B
cells, may be considered the morphological equivalent
of the hyperinsulinism. Ultrastructurally, however, the
hyperactivity of the B cells was not as clear as was
expected from the light microscopical pattern. Wheth-
er the unusual frequency of type IV cells, which con-
tributed much to the islet hyperplasia, is also a cause
of the hyperinsulinism or merely its concomitant re-
sult, remains open. Hypermethioninemia [27] which is
discussed to be a cause of both hypoglycemia and islet
hyperplasia was not excluded in the case presented.
The hypothesis that A cell deficiency accounts for
hypoglycemia [15, 24] seems unlikely, since the A cells
were not significantly reduced in number nor structur-
ally altered.

Addendum. In the present case supplementary immu-
nohistologic examination of the pancreatic tissue using
anti-insulin and anti-gastrin (Dr. Mitschke) antisera
strongly demonstrated insulin, but not gastrin within
islet cells.
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Corrigendum Notice

Diabetologia 10, 53— 59 (1974). G. Devis et. ol.: Dynamics of Insulin Release and Microtubular-Microfilamentous
System.
p. 54, 2nd column, section 2, lines 13—14: complete the sentence as follows “no enhancement of glucose-induced

insulin release was anymore noted”. '
p. 58, 1st column, section 3, line 8: supress the comma after “possibly’.
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