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Summary. The islets of Langerhans of diabetic and non-diabetie patients with different 
degrees of islet amyloidosis were studied by eleetron microscopy. The islet amyloid exhibited 
the typieal fine fibrillar ultrastructure and was mainly loeated interstitially. Adjacent to the 
B eells the amyloid fibrils were orten highly orientated perpendicularly to the eell surIace and 
bundles of amyloid fibrils entered in deep plasmalemmal invaginations of the cells. This was 
more rarely seen in other types of cell. The epithelial cells exhibited no signs of increased 
aetivity. Maerophages were common in the amyloid masses. Amyloid oceurred in invagina- 
tions of these eells but usually the fibrils showed no orientation. The eapillaries, the fibro- 
eßes and the mast cells were not so elosely related to the amyloid. These findings probably 
indicate that the amyloid of the islets of Langerhans is a product of degenerating fl cells even 
if other possibilities are not excluded. 

Zusammen/assunff. Die Ultrastruktur der Langerhanssehen Inseln bei der Inselamyloidose. 
Die Langerhansschen Inseln diabetischer und nieht-diabetischer Patienten mit verschie- 

denen Sehweregraden einer Inselamyloidose wurden elektronenmikroskopisch untersucht. Das 
Insetamyloid zeigte eine typische feinfibrilläre Ultrastruktur und war vorwiegend interstitiell 
lokalisiert. In der Nachbarschaft der il-Zellen waren die Amyloidfibrillen oft senkrecht zur 
Zelloberflgche orientiert, wobei Bündel von Amyloidfibrillen in tiefe Invaginationen der Zell- 
grenzmembran hineinragten. Diese Beobachtung fand sieh selten bei den anderen Inselzell- 
typen. Die Epithelzellen zeigten keine Hinweise auf eine gesteigerte Aktiviti~t. Im Bereich der 
Amyloidmassen fanden sich in der Regel Makrophagen. Das Amyloid war in den Invagina- 
tionen dieser Zellen erkennbar, allerdings gewöhnlich nicht in paralleler Orientierung. Capil- 
laren, Fibrocyten und Mastzellen waren dem Amyloid weniger dicht benachbart. Aus den 
Befunden wird der Schluß gezogen, daß das Anlyloid der Langerhanssehen Inseln ein Produkt 
degenerierender il-Zellen darstellt. Andere Möglichkeiten der Entstehung lassen sich allerdings 
nicht ausschließen. 

The resemblanee between hyMin in h u m a n  islets of Langerhans  and  amyloid 
was pointed out  at  an early date (Mallory, 1925; Gellerstedt, 1938; va n  Beek, 
1939; Arey, 1943; Ahronheim, 1943). When  i t  was lound  tha t  islet hyal in  dis- 
played the samë staining reaetion with Congo red as amyloid (Ehrlich and  
Ratner ,  1961) and  the fine fibrillar u l t ras t rue ture  of hyal in  was shown (Laey, 
1964), the amyloid na tu re  of hyal in  was fairly generally aeeepted. 

There is inereasing evidenee for in situ produet ion of amyloid (Teilum, 1964; 
Ran]ov and  Wans t rup ,  1967, 1968), and  the elose topographie relationship between 
amyloid deposits and  eells of the retieuloendothelial  system is suggestive of 
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formation of amyloid by these cells (Gueft and Ghidoni, 1963; Sorenson et al., 
1964; Cohen, 1965; Cohen et al., 1965; 1%anlov and Wanstrup, 1967, 1968), at 
least in systemie amyloidosis. 

The signifieanee of the deposition of amyloid in the islets of Langerhans is 
unknown. It  is unlike]y that it is any major cause of diabetes (Lacy, 1970). The 
islet amyloid is, however, in some way related mainly to maturity onset diabetes. 
Only few and fairly eursory investigations have been made eoncerning the ultra- 
structure of the islets in islet amyloidosis (Kawanishi et al., 1966; Yamada, 1968; 
Kohama et al., 1969). The aim of this investigation was to study the relationship 
between the different islet cells and the amyloid and to describe this in detail. 

Material  and Methods  

This s tudy was carried out  on an ~utopsy material  of patients,  ~he data  for whom are 
given in Tables 1 and  2. Ten pat ients  had  clinically manifest  matur i ty  onsef~ diabetes mellitus. 
In  the  twelve non-diabetic pat ients  manifest  diabetes had been excluded by several glucose- 
free urine specimens and often a t  least one normal blood glucose determinat ion result. 

Table 1. Diabetic persons 

Case Sex Age a t  Durat ion Islet  amyloid % 
death  of diabetes in % of islet area involved 
(years) (years) (approx.) islets 

1 ~ 69 6 36 97 
2 2 76 13 0.5 8 
3 ~ 66 11 1 20 
4 ~ 77 4 1 13 
5 ~ 6S 4 0 0 
6 ~ 76 i1 36 97 
7 ~ 78 5 28 91 
8 ~ 74 26 42 100 
9 ~ 82 16 8 65 

10 ~ 68 i0  40 99 

Table 2. Non-diabetic persons 

Case Sex Age a t  Islet amyloid % 
death  in % of islet area involved 
(years) (~pprox.) islets 

1 ~ 89 0.5 2 
2 ~ 84 0 0 
3 ~ 67 0.5 1 
4 ~ 83 1 21 
5 ~ 78 0 0 
6 ? 86 0 0 
7 ~ 71 36 97 
8 ~ 77 1 23 
9 ~ 60 0.5 6 

10 ~ 67 1 19 
11 ~ 69 0.5 12 
12 ? s0 o o 
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The time between death and autopsy varied between 3 and 9 hours. Pending autopsy 
except for the two first hours, the bodies were kept at + 4  ° C. The panereas was remo- 
red immediately at autopsy. Small pieees from the pancreatic tail were fixed in 2.5% 
glutaraldehyde in 0.1 M phosphate buffer, pH 7.4 for 4hours. After rinsing in 0.1 M 
sucrose the specimens were post-fixed in 1% osmium tetroxide for 90 minutes. All steps 
in the fixation process took place at +4  ° C. The specimens were dehydrated in graded 
concentrations of ethanol and embedded in Epon (Luft, 1961). About 1 ~ thick sections were 
studied in a phase contrast microscope or, after Congo red staining (Shirahama and Cohen, 
1966), in a polarization mieroseope. Thin seetions of relevant areas were eut on a LKB 
Ultrotome, stained with uranyl aeetate (Watson, 1958) and lead eitrate (Reynolds, 1963) and 
examined in a Zeiss EM 9 electron mieroscope at 60 kV. 

The degree of amyloidosis was determined as deseribcd previously (Westermark, 1972a) 
on Bouin- and formalin-fixed Congo red stained sections. As is seen from the tables the degree 
of amyloidosis was generally rauch lower in the non-diabetic than in the diabetic patients. 

Observations 

Changes considered to be due to post mortem autolysis were always found, hut in varying 
degrees. The endoplasmic reticulum was moderatety dilated but the ribosomes of the rough 
endoplasmic reticulum were usually intact. The mitoehondria showed diminished electron 
density and appeared swollen but with at least partially retained cristae. Large vacuoles 
sometimes appeared in the cytoplasm but this finding was most eommon in the exocrine 
cells. The granules seemed intact both in endoerine and exoerine eells. The nuclei displayed 
aggregation of the chromatin. The eell membranes were sometimes indistinct especially in 
exocrine eells, hut appeared intaet in most regions. In areas without amyloid the basement 
membranes were always intact. 

Deposits  of amyloid  were observed between the basement  membranes  of the 

endoerine eells and the  eapillaries. The amount  of amyloid  var ied great ly  in dif- 

ferent  pat ts  even of the same islet. The amyloid  had a fine fibrillar s t rueture  with 

about  100 H thiek, non-branehing fibrils running in different direetions (Fig. 1). 

There was no differenee between diabetie and non-diabet ie  persons regarding the 

s t rueture  of the amyloid  or the relat ion of amyloid  to different types  of eell. 

Epithel ial  Cells 

Islets wi thout  Amyloid  

Three different epithelial islet eells were easily distinguished, as deseribed previously 
(cf. Björkman et al., 1966 ; Grimelius, 1969). The eapillaries and the interstitial cells were readily 
identified and had an ultrastructure similar to that previously deseribed (of. Westermark, 
1972b). There was no definite difference either between islets from diabetics and non-diabetics 
or between islets from patients with amyloidosis in other islets and islets from patients without 
any islet amyloidosis. 

Islets wi th  SmM1 or Moderate  Amyloid  Deposits  

The ~1 cells showed no speciM features. They  were always heavi ly  granula ted  

as is normMly seen. Only rare ly  were ~1 cells found close to amyloid  deposits. 

The ~2 cells close to amy]oid were rich in granules of normal  appearance.  As 
in the  ~ eel]s the  endoplasmic re t ieulum was sparse. The Go]gi zone was Mmost 

never  seen. There were m a n y  ]ipoid bodies and the nue]ei were often pyknotic .  
/5 ce]ls in the  v ic in i ty  of amyloid  deposits were usual ly heavi ly  granulated.  

The  overwhelming ma jo r i ty  of the  granules had  a dark i rregular  core and a wide 

sac. Granules wi th  fMnt granular  contents  were sparse, as well as the endoplasmic 

1. 
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Figs. 1 and 2 
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Fig. 3. a /~ eell clearly demareated from amyloid (A) by an intaet basement membrane 
(arrow). The amyloid fibrils are usually orientated perpendieular to the eell surfaee. Numerous 
membrane limited vesieles without obvious eontents are present in the amyloid. Moderate 
amyloidosis. Diabetie patient, 7 hours after death. × 19500. b ~ cell elose to amyloid (A). 
The basement membrane is lost in some areas and bundles of parallel amyloid fibrils lying 
perpendieular to the eell surfaee tun into membrane limited invaginations (arrows) in the 

eytoplasm. Moclerate amyloidosis. Diabetie patient, 7 hours after death. × 16000 

re t i cu lum.  The  Golgi zone was ra re ly  seen. The  m i t o e h o n d r i a  showed no  special  
fea tures .  L ipo id  bodies  oeeurred in  large quan t i t i e s .  The  nue le i  were pykno t i e .  

The  a my lo id  was a lmos t  exe lus ive ly  in te rs t i t i a l ,  ly ing  b e t w e e n  the  two base- 
m e n t  m e m b r a n e s  (Fig. 2). I n  m a n y  areas the  a m y l o i d  elose to  fl eells a n d  
somet imes  to ~2 eells e o n t a i n e d  large quan t i t i e s  of smal l  vesieles l imi ted  b y  a 
m e m b r a n e  a n d  w i t h o u t  obv ious  e o n t e n t s  (Figs. 3 a, b). Such vesieles also oeeurred  
b u t  to a lesser degree a t  somë d i s t anee  I rom the  eells (Fig. 3a).  I s le t  eells 
a d j o i n i n g  areas  wi th  vesieles of ten  h a d  a n  e m p t y  a p p e a r a n e e  w i th  v e r y  few 

Fig. 1. Amyloid with non-branching, randomly distributed fibrils about 100 ~_ thiek. Non- 
diabetie patient, 6 hours after death. × 69500 

Fig. 2. Interstitially located amyloid (A) with a eapillary (C) and a maerophage (M) on one 
side and epithelial eells on the other. The basement membrane of the epithelial eells is distinet 
in most areas. Small vesieles are numerous within the amyloid. Noderate amyloidosis. Diabetie 

patient, 7 hours after death. × 5000 
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Fig. 4. fi cell close to amyloid deposits. Bundles of parallel amyloid fibrils are seen in 
membrane limited invaginations in the cell. Between the invaginations the basement membrane 
is intact (arrows). Slight amyloidosis. Non-diabetic patient, 6 hours after death, x 19500 

remaining organelles, including granules (Fig. 2). The nuclei were pyknot ic  bu t  
not  more so, however, than  other islet cells near the amyloid. The basement  mem- 
brane of the epithelial cells was usually intact  even when it was in dose eontact  
with the amyloid. Sometimes, however, it was indistinguishable or occasionally 
split up into two patts.  Between these parts  small vesicles, granules and isolated 
mitochondria  were seen. Even  in such pat ts  the cell membrane  was orten intact.  

The amyloid close to fl cells was often highly orientated with bundles of 
parallel fibrils running perpendicular to the cell membrane  (Figs. 3a, b, 4). Small 
bundles of highly orientated amyloid fibrils often seemed to penetrate  the base- 
ment  membrane  and projected into deep plasmalemmal invaginations of the 
fl cells (Figs. 3b, 4). The basement  membrane  between the amyloid bundles was 
preserved. There was no relation between the amyloid and any  part icular  par t  
of the cells. Occasionally amyloid bundles entered ~2 cells and very  rarely also 
~~ cells. 

I n  islets containing amyloid,  cells at  some distance from the deposits showed 
no alterations. 

Islets with Massive Amyloidosis 

Most of the fl cells showed alterations. The border between the amyloid and 
the fl cells was usually blurred and in such areas the cell membranes  and the 
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Fig. 5a and b. Amyloid (A) elose to ~2 (a2) and 51 (al) cell, respectively. The fibrils are 
orientateä at random and do not penetrate the basement membranes (arrows) which are 
intaet. Massive amyloidosis. Diabetic patients, 7 and 4 hours after death, respectively. × 20500 

and 19000 

basement  membrane  had disappeared. Groups of amyloid fibrils were highly 
orientated when they  were adjacent  to the fl eells. Many bundles of amyloid 
fibrils were orientated perpendieular to the eell surface and penetrated deeply 
into the eells. These bundles were sometimes limited by  a membrane.  The cell 
organelles showed no special features when compared with eells in islets with slight 
amyloidosis. The nuclei were highly pyknotic.  

The border between the ~2 cells and the amyloid was usually sharp, with the  
cell membranes  und basement  membrane  preserved (Fig. 5a). The amyloid fibrils 
did not  so orten disp]ay the orientation seen in the vieinity of fl cells, and orten 
lay parallel to the cell membrane.  Sometimes, however, the cell and basement  
membranes  were broken through und bundles of amyloid perpendicular to the 
cell surface seemed to enter the cytoplasm us in fl cells. The c2 cells were rich 
in granules. The nuclei were pyknotic.  The cell organelles showed no special features. 

The ~1 cells were more rarely seen in contact  with amyloid. The cells usually 
seemed to be unaltered, with the cell and basement  membranes  intact  (Fig. 5b), 
bu t  on rare oeeasions bundles of amyloid fibrils seemed to enter the cytoplasm 
of the c1 cells. 
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Fig. 6. Islet with highly degenerated fi ceIls which are disintegrating. Remnants of cells are 
numerous in the amyloid (A) close to the islet cells. Massive amyloidosis. Diabetic patient, 

9 hours after death. × 4500 

Some islets were oceupied by  ve ry  large amyloid deposits. I n  these islets 
in taet  fl eells were rarely found. Most of the • cells showed signs of severe 
degenerat ion with m a n y  f ragments  lying in the amyloid masses (Fig. 6). These 
f ragments  offen contained large quantit ies of granules of normal  appearanee. 
~~ cel]s and Œ~ cells often showed the same disturbanees but  to a lesser degree. 

Capillaries 
I n  islets with small or moderate  amounts  of amyloid the deposits were often 

s i tuated between the islet epithelial cells and the capillaries (Figo 2). The amyloid 
fibrils exhibited no definite polar i ty  towards the capillary basement  membranes  
(Fig. 7 a), which were always distinct also around the pericytes. The endothelial 
cells and the pericytes showed no abnormal  features. 

I n  islets with heavier amyloid deposits the capillaries were orten more or less 
surrounded by  amyloid (Fig. 8). However,  the greatest  amount  of amyloid oceurred 
between the capillaries and the epithelial islet cells. Also in these heavily amyloid- 
infil trated islets the capillary basement  membrane  appeared to be intact  except 
for some small areas especially on the interstitial side of the pericyte, where 
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Fig. 7. a Capillary adjacent to amyloid (A). A pericyte (P), endothelial cells (E) and basement 
membrane (arrow) seem intaet. Moderate amyloidosis. Diabetic patient, 7 hours after death. 
× 18500. b t~ibrocyte (F) adjacent to eollagen (Co) and amyloid (A). The eell has an inaetive 
appearance with a sparse cytoplasm and few organelles. Slight amyloidosis. Non-diabetic 

patient, 4 hours after death. × 6000 

somet imes  i t  was indis t inguishable .  The endotheliM eells and  the  per icytes  were 
or ten poor  in organelles and  f requent ly  conta ined  residual  bodies.  Fenes t r ae  were 
seen as normMly.  

Fibrocytes 
Fib roey te s  were seen in a modera t e  number  in all  islets. Most  of t hem were 

long und na r row wi th  a spindle shaped  nueleus and th in  slender cy top lasmie  
processes (Fig. 7b).  I n  the  cytololasm, the  endoplasmic  re t ieulum,  the  mitochon-  
dria,  the  Go]gi complex und the  free r ibosomes showed no no t ewor thy  changes. 
Microf i laments  were numerous.  F ib rocy te s  wi th  a more ae t ive  appearance  were 
somet imes  found in areas  wi th  fibrosis. 

F ib roey te s  orten occurred in eontac t  wi th  amylo id  deposi ts  (Fig. 7 b). UsuM]y 
the  cell borders  were sharp and wi thou t  or ien ta t ion  of the  amylo id  fibrils in the  
vie ini ty .  

I n  h e a v y  deposi ts  of amylo id  sea t te red  f ibrocytes  were found. These I ibrocytes  
had  an inac t ive  appea ranee  und had  m a n y  a t t e n u a t e d  ey top lasmie  proeesses. 
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Fig. 8. Capillary (C) almost surrounded by amyloid (A). The endothelial cells are separated 
from the amyloid by an intact basement membrane (arrows). b ~ fl cell. Massive amyloidosis. 

Diabetic patient, 9 hours a~ter death. × 16000 

Macrophages 
Cells which could be classified as macrophages (De Petris, 1962; Dumont, 

1969) were found in a fairly large quantity in islets with amyloid deposits. In  
islets with small amyloid deposits many of the macrophages had an active appear- 
ance (Fig. 9a). The cytoplasm was abundant and the cytoplasmic organelles were 
well developed. Thus the rough-suffaced endoplasmic reticulum was conspicuous 
and sometimes showed prominent cisternae. The Golgi complex was large and the 
ffee ribosomes were numerous. Lysosome-like structures and residual bodies 
occurred in a moderate number. The mitochondria were orten rather large. The 
cells were round or irregular in shape. 

Maerophages in elose eontact with amyloid usually had a less active appearance 
(Fig. 9b) and orten exhibited shallow or deep membrane-limited invaginations 
containing amyloid. The amyloid fibrils in these invaginations were sometimes 
orientated parallel to the longitudinal axis of the invaginations (Fig. 10a). How- 
erer, the fibrils orten showed no special orientation. Usually the cell membrane 
was recognizable where it was in contact with amyloid but there were small 
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Fig. 9. a Mesenchymal cell, probably a macrophage, close to amyloid (A). The cell has an 
aetive appearanee with abundant cytoplasm in which the endoplasmic reticulum (RER) is well 
developed and the mitochondria (Mi) are large. Moderate amyloidosis. Diabetic patient. 
7 hours after death. × 16000. b Nacrophage in amyloid deposits (A). It  has a moderately 
developed endoplasmic reticulum. A shallow amyloid-filled invagination (I) is seen. Moderate 

amyloidosis. Non-diabetie patient, 4 hours after death. × 15500 

areas where the plasma membrane  was indistinct. This was most  often seen in the 
deepest par t  of the invaginations. 

I n  large deposits some maerophages appeared to be merged in the amyloid 
(Fig. 10b). Many maerophages were partieularly irregular in shape and sometimes 
long eell proeesses penetrated into the surrounding amyloid. The eells looked 
degenerated with an irregular nueleus and a redueed eytoplasm with a dense 
appearanee, a sparse endoplasmie retieulum and an insignifieant Golgi eomplex 
(Fig. l l ) .  

Mast Cells 

Most of the mas t  cells found in the vicinity of amyloid exhibited the typicM 
features of intrainsular mast  cells (Westermark, 1972 b). Thus there were numerous 
mitochondria,  a sparse endoplasmic ret iculum and an only rarely identified Golgi 
complex. The granules were usually rather  sparse. The granules were fairly small, 
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Fig. 10. a Part of a macroph~ge with deep membrane limited invaginations in the cytoplasm 
or alternatively long slender cytoplasmic processes into the amyloid. In the cytoplasm micro- 
filaments are numerous. Note the orientation of the amyloid fibrils towards the plasma 
membrane. Moderate amyloidosis. Diabetic patient, 7 hours after death, x 13500. b Part of a 
macrophage, merged in the amyloid. Membrane limited invaginations are distinct. Massive 

amyloidosis. Diabetic patient, 7 hours after death, x 15000 

mos t  of t h e m  < 0.5 ~ in d iameter .  Larger  granules,  wi th  a d i ame te r  up  to  0.9 ~, 
were somewha t  more  commonly  found  t h a n  in islets  w i thou t  amylo id  deposits .  
Most  of the  granules  showed a pure  lamel la r  s t rueture .  However ,  g ranu la r  and  
erys ta l l ine  areas  were def in i te ly  more  common t h a n  in mas t  cells of non-amylo i -  
dot ic  islets. 

Mast  eells in large amylo id  deposi ts  showed degenera t ive  changes. Amylo id  
fibri ls  w i thou t  a n y  pa r t i eu la r  o r ien ta t ion  seemed to pene t r a t e  the  cell membrane  
over  wide areas  and  the  organelles  including the  granules  had  pa r t i a l l y  lost  the i r  
s t ruc tures  (Figs. 12a, b). 

Diseussion 

Elec t ron  microscopic  inves t iga t ions  of pancreas  in h u m a n  d iabe tes  are ve ry  
few owing to the  d i f f icul ty  in ob ta in ing  fresh mater ia l .  Only  ve ry  few studies  
deal ing wi th  the  p rob lem of islet  amyloidosis  have  been publ i shed  (Kawanish i  
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Fig. 11. Irregular, degenerating macrophages with dense cytoplasm containing vacuoles and 
free ribosomes. The nucleus is small and irregular. Massive amyloidosis. Diabetic patient, 

9 hours after death. × 21000 

et al., 1966; Yamada,  1968; Kohama et al., 1969) and these havc all been rather 
cursory. 

The present investigation was carried out on autopsy material. The pancreatic 
tissue was fixed very soon after death. Some autolytic changes had occurred, 
however, and some details in the cells were therefore lost. The changes were most 
pronounced in the exocrine ce]ls. As pointed out previously (Lacy, 1964), amyloid 
and basement membranes are preserved some time after death. In  most cases, 
however, also endocrine cells, interstitial cells and capillaries could be studied. 

I t  has been shown tha t  spontaneously appearing as we]l as cxperimentally 
induced amyloid has an ultrastructure of non-branching fibrils about 100 A thick 
(Cohen and Calkins, 1959; Caesar, 1960; Cohen, 1968). This is true also of islet 
amyloid (Lacy, 1964; Kawanishi et al., 1966; Gueft et al., 1968). Islet amyloid also 
has other properties common with amyloid in general. I t  stains with Congo red 
and shows green birefringence when studied in a polarization microseope under 
crossed polars (Ehrlich and Ratner, 1961); it shows yellow fluorescence after 
staining with thioflavine (Schwartz, 1965). Histochemically it has the same glycos- 
aminoglycan pat tern as other amyloid (Mowry and Scott, 1967; Vejlens and 
Westermark, unpublished results). However, t ryptophane,  which is a typica] con- 
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Fig. 12a and b. Intrainsular mast eell between islet eells and amyloid. The eell is degenerating 
and amyloid fibrils (A) without distinct orientation are in eontaet with granules, whieh seem 
to be disintegrating. Fig. 12a is a detail of Fig. 12b. Massive amyloidosis. Diabetie patient, 

4 hours after death. × 5500 and 30500 

stituent of amyloid (Pearse, 1960 ; Cohen, 1966 ; Kikkawa et al., 1968), cannot be 
demonstrated histochemically in islet amyloid (Westermark, unpublished result) 
or in amyloid in insulomas (Pearse et al., 1972). The identity of insuloma amyloid 
with other amyloids has therefore been denied and it has been suggested instead 
to eonsist of C-ehains of the proinsulin molecule (Pearse et al., 1972). 

In  electron mieroseopic studies of the amyloid morphogenesis the amyloid 
fibrils have been found to be in elose topographie relation to various mesenehymM 
cells (ef. Zucker-Franklin and Franklin, 1970). A defilfite orientation of the amy- 
loid fibrils perpendieular to the eell surfaee and amyloid-filled invaginations in the 
cells have been supposed to indicate fibril formation in these eells (Cohen et al., 
1965; Shirahama and Cohën, 1967; t~anlov and Wanstrup, 1967, 1968; Sorenson 
and Bari, 1968). An aetive appearanee of these eells has further supported this 
hypothesis (Shirahama and Cohen, 1967). 

In  this s tudy the smallest and probably earliest deposition of amyloid 
occurred interstitiMly between eapillaries and epithelial islet eells, especiMly fl cells. 
The basement membranes of the fl eells were sometimes indistinet and bundles oB 
parallel amyloid fibrils were found to penetrate the basement membrane and to 
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run into often membrane limited pockets in the cells. When the amyloid deposi- 
tion was heavier the ~lterations of the basement membranes und the fl cells were 
more extensive. Sometimes similar ulterations were found in ~ cells but never to 
the same extent. This dose eontuct in combination with high orientation of the 
amyloid fibrils was occasionally found in maerophuges and rurely in pericytes, 
but a lack of orientution was a rauch more oommon finding here. The result of this 
investigution muy therefore indicate that  the amyloid in the islets is u product of 
the fl cells. There was no enlargement of the fl cell nuclei (Westermurk und 
Grimelius, 1972) and no ultrastructurul signs of increased uctivity in these cells 
in uny stuge of islet amy]oidosis. This possibly supports the view that  amyloid is a 
degenerution product of the fl cells. 

Phugocytosis of amyloid by mucrophuges has been shown to occur (Shirahamu 
and Cohen, 1971; Shiruhuma et al., 1971) und the number of phagocytes was 
increased within the amyloid deposits in the islets. The relationship between the 
maerophages and the umyloid observed in the present study, with the fibrils more 
often than not orientated at rar, dom indicated phugocytosis ruther thun produc- 
tion. However, it cou]d not be absolutely precluded either that  the amyloid was 
formed by phagocytes er wus deposited in the islets after huving been produced 
elsewhere. The results of this investigation, however, eontradict the conclusion of 
Kawunishi et al. (1966), who found the first amyloid precipitates in endothelial 
cells. 

A peculiar and rather eonstant feature wcs the often rather numerous mein- 
brane limited vueuoles within the umyloid near fl cells and sometimes Œ~ eells. 
The significance of this finding is unclear. Small vesicles h~ve previously been 
found in murine und humun umyloid but the eontents have orten been electron 
dense (Sorenson und Bari, 1968). In  the present study the vacuoles resembled 
the cupsule of fl er Œ eell granules. The fl cells ad]oining such areas were orten 
poor in orgunelles ineluding granules und the oc•urrenee of fl granules with 
preserved limiting membranes outside i cells in the interstitial space and in 
phagoeytes has previously been shown (Westermurk, 1972 b). Possibly the vacn- 
oles represent remnunts of fl cell granules from which the contents have been 
released in the amyloid. Even though amyloid of insulomas is said to lack insulin 
activity (Laey, 1970), insulin has been shown in islet amyloid by  a fluorescent 
ant ibody technique (Berns et al., 1964). 

In  light mioroscopic studies the borderline between the umyloid and the fl cells 
hus been found to be diffuse (Westermark and Grimelius, 1972). I-Ieavy granula- 
tion of the fl cells elose to umyloid hus also been observed (Hartroft,  1950; 
Westermark und Grimelius, 1972). These findings eorrespond well with the ultra- 
structural findings of bnndles of amyloid fibrils entering fl oells containing often 
densely paeked granules. 

Mast eells are normully fonnd interstitially in human islets of Langerhuns 
(Westermark, 1971 and 1972 b). They oceur in an increased number in islets with 
amyloid deposits (Westermark, 1971). In  the present study mast  cells in islets 
with small amyloid deposits resembled other islet mast  cells but more orten displayed 
granules with granul~r or erystalline areas. No speeiul topographie relation to 
amyloid wcs seen but  the mast  cells muy hure some signifieance in the formution 
of islet amyloid. 
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