
Virchows Arch, A Path. Anat. and Histol. 366, 223--236 (1975) 
�9 by Springer-Verlag 1975 

The Uhrastructure of Focal Islet Cell Adenomatosis 
in the Newborn with Hypoglycemia and Hyperinsulinism 

C o n t r i b u t i o n  to  t he  Class i f icat ion of  N e o n a t a l  I n s u l i n o m a s *  

G. K16ppel, E. Alten/~hr, and  ]3. Menke 

Institute of Pathology, and Department of Pediatrics, 
University of Hamburg, Germany 

Received December 25, 1974 

Summary. In a newborn severe persistent hypoglycemia due to an insulin-producing 
tumorous proliferation of pancreatic islet cells (insulinoma) was observed. The insulinoma 
showed the histologic pattern of focal adenomatosis of islet cells. According to the present 
literature the focal proliferation of islet cell complexes seems to be a frequent and particular 
feature of insulinomas in the newborn. Differential islet cell staining identified 80%-90% of 
the proliferated islet cells as B ceils. 10%-20% of the cells were found to be A or D cells. 
Ultrastrueturally the majority of the proliferated islet cells were well differentiated B cells. 
The remaining cells represented either A or D cells or a fourth islet cell type with small spheric 
granules. Eleetronmicroscopic evidence of transitions between differentiated islet cells, 
particularly B cells, and the fourth islet cell type suggests that the fourth islet cell type 
might represent a precursor cell within the APUD-eell system. 

ZusammenJassung. Bei einem Neugeborenen wurde eine schwere persistierende ]-Iypo- 
glyk~mie als Folge einer Insulin-produzierenden tumorSsen Proliferation des Inselzellsystems 
(Insulinom) beobachtet. Das Insulinom zeigte das histologische Bild einer fokalen Ade- 
nomatose der Inselzellen. Nach der vorliegenden Literatur scheint die fokale Proliferation yon 
Inselzellkomplexen ein h~ufiges und besonderes histologisches Merkmal des neonatalen 
Insulinoms darzustellen. 80%--90% der pro]iferierenden Inselzellen konnten mit Hilfe 
differenzierender Insclzellf~rbungen als B-Zellen identifiziert werden, 10%--20% als A- oder 
D-Zellen. Bei der elektronenmikroskopischen Untersuehung konnte die Mehrzahl der pro- 
lifericrten Inselzellen als gut differenzierte B-Zellen klassifiziert werden. Die fibrigen Zellen 
repr/isentierten entweder A- oder D-Zellen oder einen vierten Inselzelltyp mit kleinen sph~iri- 
sehen Granula. Elektronenmikroskopisehe Hinweise ffir CTbergangsformen zwischen differen- 
zierten Inselzellen, besonders B-Zellen, und dem vierten Inselzelltyp lassen vermuten, dab 
der vierte Inselzelltyp eine Vorliiuferzelle innerhalb des APUD-Zellsystems darstellt. 

The organic hypoglyeemie  syndrome  in the  newborn  due to  hyper insu l in i sm 
can be based upon  the  following s t ruc tu ra l  var ia t ions  of the  pancrea t i c  is lets:  
(1) t e m p o r a r y  hyperp las ia  of the  islets, as observed in infants  of d iabet ic  mothers  
and  in infants  wi th  e ry throblas tos is  fetal is  {van Assehe and  Gepts,  1971), (2) 
funct ional  secre tory  defects of the  ]3 cells wi th  or wi thou t  ind iv idua l  cel lular  
h y p e r t r o p h y  (Yakovac  et al., 1971), (3) hype rp la s i a  of the  islets associa ted with 
cellular  h y p e r t r o p h y  and duetu lo- insular  cell pro l i fe ra t ion  (nesidioblastosis)  
(Misugi et al., 1970; Brown and Young, 1970; K18ppel et al., 1974), (4) mul t i foca l  
microadenomatos i s  (Schwartz  and Zwiren, 1971), or (5) focal adenomatos is ,  
respec t ive ly  c i rcumscr ibed adenoma  (for lit. see Table  1). According to  the  l i tera-  

* Supported by Deutsche Forsehungsgemeinschaft, Sonderforschungsbereich 34, Endocri- 
nology, Hamburg. 
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Table 1. Selected morphologic features in reported cases of neonatal insulinomas, d.i. of = 
description indicative of AD. ~ Adenomatosis 

No. of Author Sex Tumour Locali- Histology 
eases diameter (em) zation 

1. Sherman (1947) F ? tail d.i. of Focal AD. 
2. Sholten and 13I ? head ? 

van der Vegt (1960) 
3. Crigler (1962) ? ? ? ? 
4. Crigler (1962) ? ? ? ? 
5. Francois et al. (1962) F 0.5 • 0.5 head-body d.i. of Focal AD. 
6. Francois et al. (1962) IV[ 0.2 • 0.2 head d.i. of Focal AD. 
7. Perheentupa et al. (1967) F 0.5 • 0.6 tail Compact adenoma 
8. Salinas et al. (1968) F 0.4 • 0.5 body d.i. of Focal AD. 
9. Garces et al. (1968) M 0.6 • 0.6 • 0.8 head Compact adenoma 

10. Grant and Barbor (1970) F 0.5 • 0.5 • 1 tail Compact adenoma 
11. Buist et al. (1971) M 0.4 • 0.4 body Compact adenoma 
12. Robinson et al. (1971) M 0.5 • 0.5 tail Compact adenoma 
13. Robinson et al. (1970) M 0.5 • 1 head Compact adenoma 
14. Schwartz and M up to 1 • 1 body 3/Iultifocal AD. 

Zwiren (1971) 
15. Todd et al. (1972) M 0.3 • 0.3 head d.i. of Focal AD. 
16. Baerentsen (1973) M 0.5 • 0.5 • 1 head-body d.i. of Focal AD. 
17. Presented Case lV[ 0.4 • 0.4 • 0.5 head Eocal AD. 

tare  islet hyperplasia with cellular hyper t rophy and  nesidioblastosis seems to be 
mos~ frequent  among the islet al terat ions associated with neonata l  hypoglycemia, 
whereas islet cell adenomatosis  or adenoma are most  rare. To our knowledge 
only 16 eases of islet cell adenomas in  the newborn  have been reported (for lit. 
see Table 1). Reports  concerning differential islet cell cytology and u l t ras t ruc ture  
of those adenomas are lacking. This paper  records a fur ther  ease of a tumorous  
islet cell a l terat ion in  the neonate  with part icular  regard to its histopathologic 
and  u l t ras t rue tura l  details. 

Case Report 
The clinical data  can be summarized as follows. T.S., a male in fan t  was born  

at  t e rm after normal  pregnancy.  Bir th  weight was 4080 g. There was nei ther  a 
family history of diabetes melli tus nor  a historical evidence of involvement  with 
familial mult iple endocrine adenomatosis  (Wermer, 1963). Short t ime after bi r th  
sudden collapse occurred and  the newborn  tu rned  cyanotic. Subsequent  esti- 
mat ions  of blood glucose yielded values of 5 to 10 mg %. A var ie ty  of laboratory 
tests for excluding extrainsular  endocrine diseases and  disorders of carbohydrate  
metabolism showed no defects. Simultaneous est imations of blood glucose and  
serum insul in  revealed a dist inct  hyper insul inism (I0 rag%/30 ~zU/ml). Fur ther-  
more, leueine sensi t ivi ty was demonstrated.  T rea tmen t  with diet, eortieosteroids 
and  diazoxide was unsueeesful. Because of persis tent  hypoglycemia associated 
with elonie convulsions laparotomy was performed at  the age of l l weeks. On 
operat ion a small nodule was palpated  on the vent roeaudal  surface of the head of 
the pancreas. I t  was harder t h a n  the remaining pancreatic tissue, bu t  was the 
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same colour. I m m e d i a t e  sect ion of the  nodula r  t issue revealed  adenomatous  cell 
prol i ferat ions.  Sub to t a l  p a n c r e a t e c t o m y  was carr ied out  1. Pos tope ra t ive ly  the  
blood glucose levels s tabi l ized  wi th in  3 weeks and have  remained  normal  ever  
since. Convulsions d id  no t  longer occur and  the  menta l  deve lopment  was normal  
except  for occasional  op is tho tonus  pos i t ions  of the  legs. 

Mater ia l  and Methods 

For light microscopic examination the resected pancreatic tissue was fixed in Bouin's 
solution. Serial paraffin-embedded sections were stained with hematoxylin-eosin, period acid 
Schiff (PAS), phosphotungstic acid hematoxylin (PTAH), Gomori's aldehyde fuchsin and 
the silver impregnation technique according to Hellerstr6m and ttellman. - -  For immuno- 
histologic demonstration of insulin or gastrin (Dr. tI. Mitschke, Dept. of Pathology,University 
of Hamburg) Bouin-fixed and paraffin-embedded pancreatic tissue was examined by the 
indirect technique, using rabbit anti insulin serum or rabbit anti gastrin serum and FITC- 
labelled anti rabbit ~ globulin serum from sheep (Behringwerke, ~arburg). - -  For electron 
microscopic investigation the pancreatic tissue was immediately fixed following removal by 
immersion in 3% glutaraldehyde buffered with 0.1 3/[ sodium cacodylate (pit 7.4) for 2 hours. 
Following brief rinsing in cacodylate buffered osmium tetroxide and after passing propylen- 
oxide embedded in Epon 81"2. 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 E3{ 300 at 60 kV. 

Results 

Light Microscopic Examinations 
The resected pancrea t ic  t issue ~ exh ib i ted  an adenomatous  prol i fera t ion  of 

is let  cells wi th in  an area  of abou t  0.4 • 0.4 cm in d iameter .  The is let  cell clusters 
showed grea t  var ia t ions  in size and  were of i r regular  outlines.  They  were separa ted  
and encapsu la ted  b y  small  cords of ac inar  t issue and d is t inc t  f ibrous septa  (Fig. 
1 a). On the  pe r iphe ry  of the  nodula r  focus is let  cell nests  ex t ruded  into  the  sur- 
rounding  exocrine tissue. Since no coherent  adenoma  was formed b y  the  prolife- 
r a t ed  islet  cell complexes,  th is  f inding is descr ibed as focal adenomatos i s  of the  
islet  t issue. 

Wi th in  the  adenomatons  nodules the  islet  cells were a r ranged  in clusters or 
cords. Duc tu la r  s t ruc tures  inbe tween  the  is let  cells were f requen t ly  presen t  
(Fig. 1 b). A t  several  poin ts  small  is let  cell clusters appea red  to  bud  off the  duc t  
ep i the l ium (Fig. l b). The islet  cells var i ied  cons iderably  in size including an 
occasional  large cell wi th  a p rominen t  round  nucleus. Mitot ic  figures were no t  
seen. Elsewhere the  is let  t issue appeared  hypoplas t ie .  

Different ia l  islet  cell s ta ining revealed  three  different  cel lular  components  
wi th in  the  focal adenomatosis .  A b o u t  8 0 % - 9 0 %  of the  cells, including the  
hype r t roph i ed  cells, were ident i f ied  as B cells on the  basis of posi t ive  a ldehyde  
fuehsin s ta in  (Fig. 2 a). The B cells were, in general ,  well g ranula ted ,  bu t  single 
degranu la ted  B cells were also observed.  The islets outs ide  the  tumorous  areas  
conta ined  only  small  and  poor ly  g ranu la t ed  B cells. A b o u t  10% -20%  of the  
pro l i fe ra ted  islet  cells were A (A2) or D (A1) cells, as demons t r a t ed  b y  P T A H  

1 Surgery was performed by Priv. Doz. Dr. reed Farthmann and his colleagues, Department 
of Surgery, University of Hamburg. 

2 J.-Nr. 13528/74 Institute of Pathology, University of Hamburg. 
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Fig. 1 a and b. Insulinoma in a newborn. (a) Part  of focal islet cell adenomatosis. The pro- 
liferated islet cell clusters are intermingled with and separated by acinar cell cords. PAS • 4~0. 
(b) High power view of proliferated islet cell complexes adjacent to a duct. Note the varying 
size of the islet cells and the interposition of islet cell groups between the duct epithelial 

cells, suggesting' ductulo-insular proliferation (nesidioblastosis). PAS • 500 
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Fig. 2a--c.  Differential islet cell stainings in focal islet cell adenomatosis. (a) The majority 
of the proliferated islet cells represents B ceils. Gomori's aldehyde fuchsin x 40. (b) Single 
A(A2) cells, mainly located on the periphery of the islet cell clusters (arrow). PAS • 500. 
(c) Small groups of D(A1) cells scattered throughout the islet cell proliferations. Silver 

impregnation according to Hellerstr6m and Hellman x 500 

staining" or the  silver impregna t ion  technique  of Hel le rs t r6m and t I e l lman  (Fig. 2 b 
and  c). The A cells were mos t ly  loca ted  on the  pe r iphe ry  of the  adenomatous  
islet  cell clusters, whereas D cells were sca t te red  th roughou t  the  hyperp las t i e  

areas  (Fig. 2b  and  e). 

16" 
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Immunohistologic Examinat ion  

The immunohistologic examination using anti insulin serum revealed a strongly 
positive reaction in most of the proliferated islet cells. The positive cells correlated 
well in number with the aldehyde fuchsin positive cells. The B cells outside the 
hyperplastie areas showed only a weak reaction product for insulin. Gastrin- 
containing cells could not be demonstrated. Anti glucagon serum for demonstrating 
glucagon-contMning cells was not available. 

Ultrastructural Examinat ion  

On the basis of the fine structure of the secretory granules A, B and D cells 
were identified within the proliferated islet cell masses (Fig. 3). In addition a 
fourth islet cell type and transitional cell types could be demonstrated. 

The fine structure of A and D cells (Fig. 3) was in accordance with the struc- 
tural features of these cell types known from literature (Deconinek et al., 1972). 
They revealed no signs of functional activity. A and D cells comprised only a 
small portion of the proliferated islet cells. Concerning the number of D cells it 
was striking that  less D cells could be observed under the electron microscope 
than were expected from ttellerstrSm-Hellman staining. 

The majority of the proliferated islet cells were classified as B cells. They 
exhibited a varying content of typical secretory granules, showing either a 
polymorphous core within a wide clear halo or a spheric less electron dense 
homogenous core surrounded by a narrow halo. The smooth and rough endoplas- 
mic reticulum (ER) was well developed. In many cells focal dilatation of the EI~ 
associated with endoplasmic invaginations were present. Prominent Golgi comple- 
xes were evident in single cells (Fig. 3) showing numerous microvesicles in their 
immediate vicinity. 

Apart from A, B and D cells with typical secretory granules there were, on the 
one hand, cells containing a pure population of small spheric granules (150-250 m B 
in diameter) (Fig. 4a and b) and, on the other hand, ceils with polymorphous 
fl-granulcs in addition to small spheric granules and some ~-granules (Figs. 5 
and 6). The spheric granules had a concentrically arranged homogenous core 
within a narrow halo (Fig. 4b), thus differing from ~-granules, whichwere 
characterized by their eccentric granule cores. The cells which only contained 
small secretory granules strongly resembled type IV islet cells according to the 
islet cell nomenclature of Deconinck et al. (1971, 1972). The cells with a mixed 
population of secretory granules appeared to represent a transitional type between 
type IV islet cells and B cells (Figs. 5 and 6). 

Islet cells of varying differentiation were often seen adjacent to duct cells. 
Sometimes they were also located between duct cells (Fig. 7). 

The fine structure of the islet cells in the remaining pancreatic tissue was 
normal except for the B cells which exhibited a poor granulation in association 
with hypoplastic endoplasmic structures. This suggested a suppressed insulin 
release mechanism for the non-adenomatous B cell population. 
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Fig. 3. Electron micrograph of islet cell adenomatosis showing typical A(A) and B cells (B) 
and a 1) cell (D). Note the numerous large Golgi complexes and the degranulation of one of 

the B cells. • 

Discussion 

I n  the present  case an insul in-producing tumorous  al terat ion of the islet cells 
(insulinoma) was found to account  for hyper insul in ism and severe neonata l  
hypoglycemia. On gross examina t ion  the insul inoma could only be recognized as 



230 G. K15ppel et al. 

t~ig. 4a and b. Islet cell adenomatosis. (a) Part of an islet cell containing small spheric granules 
with concentric homogenous cores (type IV islet cell) (IV). • 19440. (b) Comparison of the 

secretory granules of a B cell (B) and a type IV celt (IV). • 

a peasized nodule in the head of the pancreas by its consistency. Similar macro- 
scopic statements were also reported for most  of the 16 published cases of insulino- 
mas in the newborn (see Table i). The average size of the tumours  was 0.5 cm in 
diameter. Only in few cases a tumour  size up to 1 cm was recorded. The neonatal  
insulinomas were found scattered through all parts  of the pancreas, while ectopic 
localisations had, at  this point, not  been observed. 

Varying histologic pat terns  of insulinomas in the newborn have been reported 
(see Table 1). F rom the description in literature the following types mgy  be 
differentiated: (1) encapsulated compact  adenoma, (2) focal illdefined adenoma- 
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Fig. 5. Islet cell adenomatosis. Transition of type IV cell to B cell. Note the single poly- 
morphous secretory granules (arrow) in addition to numerous small spheric granules. At the 

top a typical B cell (B). • 31350 

tosis and (3) multifoeal microadenomatosis,  tha t  is, tumour-l ike growths in all or 
almost all islets. I n  individual eases multifocal microadenomatosis  can be hardly  
distinguished from diffuse islet hyperplasia with duetulo-insular proliferation 
(nesidioblastosis) (Brown and Sroung, 1970; Schwartz and Zwiren, 1971; Fonkals- 
rud etal., 197g), suggesting tha t  transitions between adenomatosis  and islet 
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Fig. 6. Islet cell adenomatosis. Part of an islet cell containing a mixed population of secretory 
granules. Apart from typical /?-granules there are spheric granules with concentric cores 
(arrow), comparable with type IV cell-granules, and granules with s-granule-like eccentric 

cores (asterix). • 31350 

hyperplasia might occur. Apart  from compact adenomas focal islet cell adenoma- 
tosis, as it was seen in the present case, seems to be a frequent tumorous islet cell 
alteration in the newborn (see Table 1). The histologic pat tern of focaltumour-like 
proliferation of islet cells intermingeled with and separated by exocrine cell cords 
has not been noted up to now in insulinomas of adults. Possibly the focal adeno- 
matosis represents a particular pathologic entity of the neonatal islet cell system. 
Multifocal microadenomatosis, on the contrary, has also been described in adults 
Frantz, 1959). 

Differential islet cell staining of the neonatal insulinomas, which was only done 
m a few cases (Grant and Barbor, 1970; Robinson etal . ,  1971; Schwartz and 
Zwiren, 1971), revealed B cells to be the major component of the proliferated 
islet cells. A (A2) and D (A1) cells have not yet been demonstrated. In  the present 
case B cells comprised about 80% to 90 % of the proliferated islet cells, A cells 
5% to 10% and D cells 5% to 10%. The occurrence of A and D cells, confirmed 
also by electron microscopy, indicates tha t  the proliferation includes, apart  from 
the B cells, also the A and D cell system. Whether the increase in non-B cells had 
any functional significance, remains unknown, since neither Glucagon nor Gastrin 
levels in the serum were determined. However, there was no evidence from the 
clinical picture as well as the ultrastructural examination for a pronounced func- 
tional activity of the non-B cells. In  adults tumours of the islet cells with multiple 
hormone production (insulin, glucagon, gastrin, ACTH/MSH, serotonin) have 
been reported (Aronson et al., 1970; Heitz et al., 1971; Broder and Carter, 1973; 
Hedinger, 1974; Arnold st al., 1974). 
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Fig. 7. Islet cell adenomatosis. Interposition of endocrine cells (EC) between duet cells (DC) 
showing a-granules (asterix) and/3-granules (arrow). • 8 000 

Ul t r a s t ruc tu ra l  examina t ion  of neona ta l  insul inomas are so far  not  no ted  in 
the  l i tera ture .  I n  the  present  case electron microscopy revealed  the  character is t ics  
of ma tu re  ]3 cells in the  m a j o r i t y  of the  pro l i fe ra ted  islet  cells. A small  group of 
islet  cells showed the typ ica l  fine s t ruc ture  of A or  D cells. Evidence  for an  in- 
creased funct ional  a c t i v i t y  was only  found in some B cells. Different  islet  cell 
t ypes  were seen ad jacen t  to or inbetween duct  cells. This f inding migh t  be con- 
s idered as an  a rgument  for a duc tu l a r  genesis of islet  cells in islet  cell adenomatos is .  
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In  addition to A, B and D cells islet cells were observed which by their small 
homogenous spheric granules represented a fourth islet cell type (type IV islet 
cell according to Deconinck et al., 1971). Some of those islet cells exhibited in 
addition to the small homogenous granules transitions to polymorphous fi- 
granules. According to the classification of Creutzfe]dt and eoworkers (1973), 
distinguishing the insulinomas in adults on the basis of the fine structure of the 
secretory granules in type i (typical fi-granules), type I I  (typical and atypical 
fl-granules), type I I I  (atypical granules) and type IV (virtually agranular), the 
present focal adenomatosis of the islet cells would well correspond with a type 
I I  insulinoma. 

The type IV islet cell was clearly defined from A, B and D cells by Misugi 
et al. (1970), Deconinek et al. (1971, 1972) and Munger (1972), although islet ceils 
with similar granules have repeatedly been described in earger investigations 
(Bj6rkman et al., 1966; Potet  et al., 1966; Shibasaki and Ito,  1969; Greider et al., 
1970), but were either classed as A or D cells. Type IV islet cells occur rarely 
within the islets of adults and newborns (Deconinck et al., 1971, 1972). In  cases 
with neonatal hypoglycemia, hyperinsulinism and islet hyperplasia with ductulo- 
insular proliferation type IV cells seem to occur in unusual frequency (Misugi 
et al., 1970; K16ppel et al., 1974). Similar cells were also observed in insulinomas 
(Creutzfeldt et al., 1973) and non-B cell tumours (Vasallo et al., 1972; Mitsehke, 
1973; Greider et al., 1974). On the basis of these observations it remains open, 
whether type IV islet cells represent an independent islet cell type or a precursor 
cell, not yet fully differentiated as to function and possibly closely connected to 
an embryonal APUD cell (Pearse, 1969; Pearse et al., 1973). The demonstrated 
transitions from type IV islet cells to B cells as well as the additional occurrence of 
single m-granules in those cells might speak in favour of the latter hypothesis. 

The clinical appearance of the neonatal insulinoma here described had much 
in common with the main features of those turnouts known from literature. I t s  
main characteristics were hypoglycemia within few hours after birth, elevated 
serum insulin levels, leucine sensitivity and lack of response to diazoxide. In  
principle, analogous clinical features are also found in generalized islet hyper- 
plasia of the neonate. Neonatal islet hyperplasia and neonatal insulinoma can, 
therefore, hardly be differentiated on clinical grounds. 

The authors are grateful to Prof. Dr. reed. J. Kfihnau, Department of Internal Medicine, 
University of Hamburg, Germany, for radioimmunological determination of serum insulin 
levels. Sincere thanks are ~lso due to Mrs. Katrin Baack and Miss Claudia Drescher for skilful 
technical assistance. 
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