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Hyalinosis of the islets of Langerhans in diabetes mellitus was re-
ported for the first time by Opie in i9oi.l ,lb He interpreted it as a de-
generative change related to the pathologic physiology of the islets in
th disease.lb This hypothesis was soon challenged by Ohlmher,2
Cecil,3 and later Wright' and others, who reported the occurrence of
hyaline deposits in the islets of nondiabetic patients. In these reports,
the absence of diabetes was a presumption unsupported by glucose
tolerance tests. Recent studies by Bell5 disclosed a ratio of incidence
of hyaline islets in patients with diabetes to those without it of 3 to i 8: i
(depending on age groups). He re-affirmed the relationship of this islet
change to diabetes mellitus and suggested that nondiabetic individuals
presenting this alteration might represent instances of potential or un-
recognized diabetes mellitus.

There have been several studies attempting to define the nature of
the hyaline substance. Opie lb was struck by its histologic resemblance
to amyloid but could not confirm this with amyloid stains. Mallory6
thought that the deposit was closely related to amyloid. Warren and
LeCompte,7 at Mallory's suggestion, used methyl violet and iodine green
and obtained positive stains in I4 of 5I cases of diabetes mellitus with
hyaline islets. Gomori8 stated that amyloidosis of the islets of Langer-
hans occurred occasionally in diabetes. Ahronheim9 demonstrated meta-
chromasia with gentian violet in all of his cases with hyaline islets (67
with diabetes and 5 without this disorder). Arey'I demonstrated posi-
tive methyl violet staining for amyloid in all of 42 cases with and with-
out diabetes, showing prominent hyalin in the islets of Langerhans.
These investigators did not report results with Congo red. Warren and
LeCompte,7 Bell,ll and Hartroft,'2 as well as standard works in pathol-
ogy, continue to refer to the islet material as hyalin.
We have undertaken to restudy the nature of the hyaline material by

the use of more elaborate histologic techniques than previously em-
ployed.
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MATERIAL AND METHODS
Sections of head, body and tail of the pancreas were taken as soon after the start

of a necropsy as possible. These were immediately fixed in Kaiserling I. In selected
cases, specimens were also fixed in Bouin's solution and formol-calcium.

Sections of pancreas from 9I cases of diabetes mellitus over the age of So were
examined. As controls, sections of pancreas from I78 patients over the age of 6o
years and not known to have diabetes mellitus were also investigated.

Sections (paraffin, unless otherwise specified) were stained with hematoxylin and
eosin, Gomori's trichrome, Goldner's phosphotungstic acid hematoxylin (PTAH),
silver (author's-JCE-modification of Bielschowsky's method), von Kossa, Sudan
IV (frozen sections), toluidine blue, Alcian blue, Congo red (paraffin and frozen
sections), crystal violet, and iodine green. Representative sections were examined
in polarized light before and after staining with crystal violet, Congo red, and others.
The crystal violet and Congo red stains were prepared in all our cases of islet
hyalinosis; the remaining techniques were carried out in instances selected for ex-
cellence of preservation and fixation.
As controls for amyloid, sections of atrium, kidney, and spleen from cases of

generalized secondary amyloidosis were e ined, using all of the stAins and
histologic techniques listed above. Additional control tissue was obtained from
cases of primary systemic amyloidosis, senile cardiac amyloidosis, and localized
cutaneous amyloidosis in skin tumors.

Sections of left atrium from 20 cases which showed hyalin in the islets of Langer-
hans were stained with Congo red and examined for the presence of amyloid.

RESULTS

Hyaline material was found in the islets of Langerhans in 45 of the
9I cases of diabetes mellitus eamined. It was also encountered in the
pancreatic sections from 7 of 178 patients not known to be diabetic
(Table I). In the latter group, there were 3 patients in whom the exist-
ence of diabetes mellitus was presumed on the basis of single blood
sugar determinations and family history. As recorded in Table II, all
hyaline deposits in islets exhibited crystal violet metachromasia and
Congo red binding (Fig. 3); positive birefringence and dichroism in
polarized light were observed after staining with Congo red (Fig. 4).
This phenomenon was not observed in unstained tissue or after the use
of stains other th Congo red. The homogeneous islet substance
showed positive staining with Alcian blue and the periodic acid-Schiff
(PAS) stain; it was negative with toluidine blue.
Examination of Table II shows that the islet deposit and amyloid

controls reacted in identical fashion with the techniques employed. The
only exception was a negative reaction with the Al blue stain on
secondary amyloid. Amyloid was not demonstrated in the atrial walls or
kidneys of any of the cases ex ed. The incidence of diabetic glom-
erulosclerosis in the 45 patients with diabetes who showed hyalinized
islets was approximately the same as in the remang 46 cases of
diabetes without hyalinized islets. The hyaline material was found (as
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previously described) between capillary walls and islet cells (Fig. i).
With silver stains, the relationship of the hyalin to argyrophilic fibers
was as follows: (i) Occasionally it lay between capillary endothelium
and argyrophilic fibers. (2) Occasionally it appeared between argyro-
philic fibers and islet cells. (3) In some instances it was noted to be
within the argyrophilic network, spreading apart individual fibers or
groups of fibers and occupying the interstices of the distended network
(Fig. 2).

TABiL I
HYAINOSIIS OF IES OF LANGERHMS.

NECRO-SY INCIDENCE

Diabetic Nondiabetic
patients patients

over age So over age 6o

Total number of case 9I* 178
Number of cases with hyalinosis of islets 45t (49-5%) 7 (3.9%)

* Exdudes 4 cases of juvenile diabetes, i case of hemochromatosis, and i case of dia-
bet assoated with carcinoma of the body of the pancreas.

t Two ca show partil volvement of a single t.

TABUz II
HYALINOSIS OF ISLETS OF LAGERHANS.

STAIFS FOR AMYOID

Islet hyalinosis
Dhbete
modlitus "Noodiabetic"
(4S cases) (7 cases) Amyloid controls

No. No. No. No. Seie Local
Stain pos. neg. pos. neg. Secondary Primary cardiac cutaneous

Metachromma with
cry o 45 0 7 0 + + + +

Congo red 45 0 7 0 + + + +
Dichrok birfring

afte staling with
Congo red + + + + + +

Periodic add-Sdiff Mod. + Mod. + Mod. + Mod. + Mod. + Mod. +
Toluidinebine - - - - - -
Alcian blue + + - + + +

There was no predilection of the hyalin for any part of the pancreas
(head, body or tail) except insofar as there were more islets present in
the tail region.13 The deposit was found with equal frequency in intra-
lobular and periductal islets of Langerhans. In 3 cases (2 diabetic, i
nondiabetic) the hyaline material was observed to contain pale bluish
granules (Fig. 3) when stained with hematoylin and eosin. The von
Kossa reaction confirmed the calcific nature of these granules.
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DISCUSSION

The results of this study lead to the inevitable conclusion that the
hyaline material in the islets of Langerhans is amyloid.

Amyloid is a hyaline substance which stains metachromatically with
the rosaniline group of dyes and which binds Congo red. It is known to
consist chiefly of protein plus a small carbohydrate component which
includes acid mucopolysaccharide.1' The mucopolysaccharide fraction
is responsible for the metachromasia with rosaniline dyes as well as the
staining with Alcian blue and PAS.1>17 Arey'0 and Ahronheim9 also
found metachromasia with the rosaniline dyes in all their cases of islet
hyalinosis. These investigators did not report results with Congo red.
Congo red staining was noted by Bloom 18 in hyalinized islets in a cat
with spontaneous diabetes mellitus, and more recently Seifert 9 re-
ported positive Congo red stain of islet hyalin in human diabetes.
Seifert did not mention the number of cases studied or the percentage
with Congo red positivity. He concluded that the islet material was
predominantly an acid mucopolysaccharide and, therefore, not an amy-
loid. This conclusion was based on the staining reaction with Alcian blue
and astral blue. There is no evidence, however, that positive staining
with Alcian blue necessarily indicates a predominance of acid muco-
polysaccharide in the substance stained. Amyloid, which is known to
consist chiefly of protein, reacts in positive manner to Alcian blue
(senile, primary and cutaneous types 17). The islet hyalin in our cases
stained with Alcian blue. We interpreted this to mean only that an
acid mucopolysaccharide fraction was present. Rinehart, Toreson and
Abul-Haj20 established the presence of acid mucopolysaccharide in
islet hyalin by the use of a colloidal iron preparation. The demonstra-
tion of carbohydrate in islet material by these methods is consistent
with the general histochemical behavior of amyloid.
The basis for Congo red binding has not, to our knowledge, been ex-

plained. Unstained amyloid may show very weak birefringence21 in
discontinuous fashion, probably depending upon fortuitous arrange-
ment of amyloid fibrils in parallel bundles. After Congo red staining,
anisotropism is exaggerated 15,21-23 and readily observed with ordinary
polarizing filters (Figs. 3 and 4). Birefringence of amyloid has also been
noted after staining with chlorantin fast red and with Evans blue.15
The birefringence in polarizd light after Congo red staining is
dichroic 15,22,23 i.e., two different colors appear in the polarized field.
Amyloid bands are green in one plane and yellow-pink in the other.
Rotation of the specimen through an angle of go9 reverses the colors.
This phenomenon has been attributed to parallel orientation of dye
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molecules along fibers and has been described by Pearse as character-
istic, but not specific, for amyloid."5 It has also been observed, for
example, in cellulose fibers dyed with Congo red.15 The fibrillar nature
of amyloid has been demonstrated by electron microscopic studies of
experimental as well as human amyloid.2F26 In a recent study of experi-
mental amyloid in the mouse, Gueft and Ghidoni26 showed that the
fibers exhibited characteristic periodicity. It is not yet known if this
periodicity is the same in amyloid substances in other animals or in
human subjects.
As noted in Table II, the hyaline deposits in islets in our cases also

exhibited dichroic birefringence after staining with Congo red; this has
not been reported previously. Study of the fine structure of islet
amyloid is subject to the practical difficulty of obtaining suitably fixed
human speamens.

Calcium deposition in islet hyalin (Fig. 3) has been reported to be
rare.7 However, it occurred in approximately 6 per cent of our cases (3
of 45). Calcification of primary and secondary amyloid is not rare.27
The presence of amyloid in the islets of Langerhans in this series

was not accompanied by amyloid deposits in any of the other organs
examined. The blood vessels of the pancreas did not contain this sub-
stance, and none was found in sections of the left atrium and kidney
when examined by special stains.* The pancreas does not often partici-
pate in systemic amyloidosis; when present, amyloid deposits are gen-
erally restricted to the walls of small blood vessels.29 Islet involvement
in generalized primary or secondary amyloidosis is uncommon; Ahron-
heim9 found small amyloid deposits in islets in 2 of i i cases with
systemic amyloidosis. Dahlin30 reported slight involvement of islet
capillaries in 3 of 30 cases of secondary amyloidosis. Buerger and
Braunstein, in a recent report of so-called senile cardiac amyloid, found
deposits in the islets in 7 of their 33 cases.3' However, their material was
not studied from the standpoint of the incidence of diabetes mellitus.32
XVe were unable to demonstrate amyloid in sections of the left atrium in
20 of our cases with amyloidosis of the islets of Langerhans.

Therefore, amyloid in the islets of Langerhans constitutes a form of
localized amyloidosis. Localized amyloid without systemic deposition is
known to occur in the stroma of certain cutaneous lesions,33,34 particu-
larly basal cell papilloma and basal cell epithelioma. Other reported

* According to Fahr,: the lesions of diabetic glomerulosclerosis may give a weakly posi-
tive reaction with Congo red. We have obtained slight reddish-brown staining of these
lesions with Congo red after prolonged staining. However, with normal staining time, ade-
quate to produce deep staining of islet and other amyloids, the renal lesions were negative.
Furthermore, renal lesions faintly stained after prolonged immersion in Congo red were not
birefringent or dichroic in polarized light.
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sites of localized amyloidosis include the respiratory tract, genito-
urinary tract, bone and other organs.35'36 Some of these may represent
regional deposits in unrecognized systemic disease.'

There was no statistical correlation between the degree of sclerosis
of pancreatic arteries and arterioles and the occurrence of islet amyloid.
We encountered instances with very marked pancreatic arteriolosclero-
sis without amyloid in the islets and, on the other hand, very striking
islet amyloidosis in pancreases with minimal arterio- and arteriolo-
sclerosis. These observations are in agreement with those of Bell 11 and
differ from those reported by Moschcowitz.37 Similarly, there was no
statistical correlation between islet amyloidosis and diabetic glomerulo-
sclerosis in our series; this confirms previous reports.11'38
Our data regarding the incidence of amyloidosis of the islets of

Langerhans in diabetic patients as compared with those not known to
be diabetic are in essential agreement with those of Bell.5 It should be
emphasized that in none of our cases with amyloidosis of the islets
in patients apparently free of diabetes had diabetes mellitus been ruled
out by glucose tolerance tests. Islet amyloid is associated principally
with the diabetes of maturity.11 It is rare in juvenile diabetes 711 and is
apparently absent in the diabetes of hemochromatosis.3
The pathogenesis of localized amyloid is not known. Abnormalities

in the protein composition of blood serum, such as are known to be
associated with systemic amyloidosis, have not been demonstrated in
the circumscribed form, nor can anything be stated at present concern-
ing the possibility of local disturbance in the protein milieu of the
affected area. There seems little doubt that amyloidosis of the islets of
Langerhans is in some way related to the diabetic state and does not
simply represent a form of age chge in an endocrine organ. Rinehart,
Toreson and Abul-Haj ' suggested that the hyalin might constitute a
barrier to the release of insulin. It is also possible that it may be a conse-
quence of some alteration in islet function. Nevertheless, the clearly
established statistical relationship of diabetes mellitus and amyloid de-
posits in the islets of Langerhans points to the need for additional in-
vestigation of a possible pathogenetic linkage.

SUMMARY

i. Hyalinization of the islets of Langerhans was found in 45 of a
series of 9I consecutive necropsies in diabetic individuals over 50 years
of age (49.5 per cent) and in 7 of 178 consecutive necropsies in indi-
viduals over 6o years of age not known to be diabetic (3.9 per cent).

2. Metachromasia with crystal violet and binding of Congo red were
found in each instance of hyalinized islets. The Congo red-stained de-
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posit exhibited dichroic birefringence in polarized light. These results,
together with the general staining profile, permitted the identification
of the hyaline substance as amyloid. Amyloid could not be identified i
diabetic renal or vascular lesions.

3. Amyloidosis of the islets is a form of localized amyloid and occurs
in approximately 50 per cent of diabetic patients over the age of 50
years.
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[ IUustratioms follow ]
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LEGENDS FOR FIGURES
FiG. i. Portion of an islet of Langerhans. Typical appearance of early or slight

"hyaline" change. A pericapillary deposit of homogeneous material is located
between the wall of a centrally located capillary and the islet cells. Hematoxylin
and eosin stain. X 6So.

FIG. 2. Portion of an islet of Langerhans. The islet capillary is at the upper right.
Homogeneous deposits appear in the interstices of an argyrophilic fiber network
(arrows). Silver and hematoxylin stain. X 650.

FIG. 3. Islet of Langerhans. The centrally located islet capillary is surrounded
by a collar of homogeneous, strongly orange-red staining material. A few
calcific particles are visible in the hyalin. Frozen section stained with Congo
red-hematoxylin. x 65o.

Fic, 4. The islet shown in Figure 3, viewed with polarized ligL One strong and
several weak anisotropic bands appear in the homogeneous deposit. Birefringence
was dichroic; the bright band, for example, was green in one plane and yellow-
pink after rotation through an angle of goo. Anisotropism could not be demon-
strated in this deposit prior to Congo red staining. X 6So.
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