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Abstract
Introduction
Islet amyloid polypeptide (IAPP) amyloidosis is a pathologic alteration of the pancreas,
represented by abnormal accumulation of amylin in the interstitial tissue. Amylin is a
neuroendocrine hormone, co-secreted with insulin by beta cells and participating in
downstream regulation of postprandial glycemia. This report aims to examine IAPP
amyloidosis as a late consequence of poor control of blood glucose levels in patients with type 2
diabetes mellitus (T2DM) who have been referred for autopsy.

Materials and methods
A total of 34 consecutive autopsies performed at the St. Marina University Hospital, Varna,
Bulgaria, carried out by a single pathologist were included in the study. Samples from the tail of
the pancreas were obtained to evaluate the state of the changes and were analyzed together
with the specific organ changes associated with T2DM, as well as the medical documentation of
the patients.

Results
Of the 34 autopsies, 10 cases (six females and four males) were included in the study, seven of
whom had a medical history of T2D. The average age was 65.7 years (range 50 to 85 years). In
all of the cases, morphological features of fibrosis and lipomatosis were present, with one of the
patients having signs of pancreatic amyloidosis - Congo red positive deposition of pink,
amorphous material in the extracellular matrix.

Conclusion
The described pathological alterations in all of the cases illustrate the progressing impairment
of the structure of the pancreas, especially beta cells dysfunction in late stages of T2D, and
highlight IAPP amyloidosis as the cause of irreversible damage of the isles of Langerhans and
beta cell death.
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Islet amyloid polypeptide (IAPP) amyloidosis is a pathologic alteration of the pancreas,
represented by abnormal accumulation of amyloid in the interstitial tissue and the isles of
Langerhans [1-3]. It is a pathogenic feature of type 2 diabetes mellitus (T2DM) and is associated
with the progressing beta cell dysfunction [3-6]. Raising the awareness of this condition and its
consequences can contribute to a better understanding of the pathological processes that lay
behind it and to advancement in the treatment of T2DM [3,4]. This report aims to examine
IAPP amyloidosis as a late result of poor control of blood glucose levels in patients with T2DM
who have been referred for autopsy.

Materials And Methods
The study was conducted at the St. Marina University Hospital, Varna and it encompassed a
total of 34 consecutive adult autopsies carried out by a single pathologist. Gross observation of
all systems was performed and samples from the tail of the pancreas were obtained from each
patient. The samples were fixed in 10% buffered formaldehyde and embedded in paraffin. The
prepared tissue blocks were cut into 4 mm sections, which were subsequently stained with
hematoxylin and eosin (H&E) and Congo red. The findings were further analyzed in
conjunction with the specific organ changes associated with T2DM and the medical
documentation of the patients. Of all autopsies, 10 cases, six females and four males, were
prominent for their pathomorphological changes in the pancreas, which were associated with
T2DM and thus, taken into account. Their age range varied from 50 to 83 years (65.7 years on
average) and seven of them had a medical history of T2DM. The remaining 24 cases had neither
a clinical history nor morphological changes associated with T2DM.

Results
In all 10 cases were present the morphological features of both fibrosis and lipomatosis. On
gross examination, the pancreas was hard, shrunken, and the ducts were dilated. Besides, the
accumulation of fat tissue could also be noted. All samples were then observed under a light
microscope. Fibrosis was demonstrated by solid pink fibrils in the interstitium, which in some
cases had started to squeeze through the exocrine acini by pressing and enveloping them
(Figure 1). Lipomatosis was represented by big, optically empty cells, filled with lipids (Figure
1). Their distribution was also not limited to the intercellular connective tissue. Rather, single
adipocytes or small clusters could be found separating the pancreatic parenchyma. The
described changes are the sign that by the progression of fibrosis and lipomatosis, some of the
exocrine glands were also affected.
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FIGURE 1: Fibrosis and lipomatosis of the pancreas, H&E
stain, original magnification x40
H&E, hematoxylin and eosin

One case was prominent for its pink acellular amorphous collections between the cells, which
are the morphological substrate of amyloidosis, with the cell mass of the affected isles being
significantly reduced (Figure 2). Figure 2B is the normal histological appearance of the isles of
Langerhans, from a healthy age-adjusted control. In comparison with Figure 2A, which shows
the IAPP amyloidosis and highlights the loss of beta cells.

FIGURE 2: Pancreatic Langerhans isle amyloidosis (A) and
healthy age-adjusted control (B). H&E stain, original
magnification x100 (A) and x200 (B)
H&E, hematoxylin and eosin

The affected isles were significantly larger, and their parenchyma was almost totally substituted
by the aforementioned material. The accumulations were Congo red positive and their amount
was more precisely evaluated by examination of the Congo red-stained sections with
fluorescent microscopy (Figures 3, 4).
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FIGURE 3: Pancreatic Langerhans isle amyloidosis, Congo red
stain, original magnification x200

FIGURE 4: Pancreatic Langerhans isle amyloidosis, Congo red
staining observed with fluorescent microscopy, original
magnification x200

They showed strong apple-green birefringence on further polarized light microscopy and even
distribution through the isle. Furthermore, these changes were not only limited to a small
number of isles but also engaged almost all of them (Figure 5). These findings indicate that the
process is advanced and the beta cells dysfunction is very prominent.
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FIGURE 5: Diffuse pancreatic changes associated with
diabetes – fibrosis, lipomatosis and islet amyloidosis, H&E
stain, original magnification x40
H&E, hematoxylin and eosin

Discussion
Amylin, also referred to as IAPP, is a neuroendocrine hormone, co-secreted with insulin by beta
cells [1]. It is synthesized as a pro-hormone and undergoes proteolytic processing and
participates in downstream regulation of postprandial glycemia [1,2]. Although its role is not
yet entirely understood, some studies in humans showed that part of its effects is delayed
nutrition delivery from the stomach to the small intestine and inhibited glucagon secretion
[3,4]. Moreover, in rats, the hormone targets the central nervous system, particularly the areas
responsible for body mass regulation and appetite [5].

Although the precise pathophysiological mechanisms are not yet entirely clear, it has been
shown that the development of IAPP coincides with beta cell dysfunction [6-8]. This, in turn,
leads to endocrine impairment and the altered chemical environment in the isles associated
with T2DM (increased pH, decreased calcium concentration), as they initiate secretion of
misfolded monomers [9-11]. These particles have a cytotoxic effect on the beta cells by
inducing membrane disruption (formation of abnormal vesicle-like membrane structures) and
cell death by either necrosis or apoptosis [12-14]. Their aggregation into less toxic fibrils and
plaques constitute the classical representation of IAPP amyloidosis. The deposits result in
progressive impairment of the function of beta cells and eventually, reduction of islet cell mass
[15]. Furthermore, due to the lost inhibitory effect of amylin, insulin resistance and increased
secretion of glucagon are also to be observed. Thus, IAPP amyloidosis should be considered not
only as a result, but also a cause of aggravation of T2DM symptoms [11].

IAPP amyloidosis was first observed in 1901 as 'hyaline degeneration of the isles of Langerhans'
and a connection between T2DM and this condition was suggested, but it was not until 1987
that the structure of the substance was clarified and further described in other diabetic patients
[6,16-18]. Now it is clear that the IAPP amyloidosis is caused by the abnormal accumulation of
misfolded amylin and plays a major role in the beta cell destruction [6-8,18]. Our findings are
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identical to other cases of amyloidosis of the isles in patients with diabetes mellitus and thus
consolidate a strong relationship between the two. Although the pathophysiology of the
process is yet unclear, certainly, T2DM and the associated alterations in the isles of Langerhans
can be regarded as an etiological factor. Therefore, IAPP amyloidosis should be taken into
account as a possible complication while treating patients with T2DM, and measures should be
taken to avoid its consequences. On the other side, amylin can be regarded not only as a threat
but also as a cure; it can be beneficial in the form of pharmaceutical products because of its
hypoglycemia characteristics. The amylinomimetics, symlin and pramlintide, exist on the
market as antidiabetic drugs and are prescribed as an adjuvant therapy to patients with type 1
and T2DM.

Conclusions
All of the described pathological alterations illustrate the advanced impairment of both the
beta cells and the whole structure of the pancreas in the late stages of T2DM. While fibrosis and
lipomatosis affect mostly the interstitial tissue and their effects on the cells are secondary, the
IAPP amyloidosis takes place in the isles of Langerhans, damaging the endocrine parenchyma
and its secretion directly. Hence, the degeneration of the pancreas is exhaustive, which in turn
leads to the progression of the symptoms. The described findings highlight IAPP amyloidosis as
one of the main causes of the beta cell dysfunction in the late stages of diabetes mellitus.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

Acknowledgements
Presented (in part) as an oral presentation during the seventh Black Sea Symposium for Young
Scientists in Biomedicine (BSYSB), November 22-24, 2019, Varna, Bulgaria

References
1. Hartter E, Svoboda T, Ludvik B, et al.: Basal and stimulated plasma levels of pancreatic amylin

indicate its co-secretion with insulin in humans. Diabetologia. 1991, 34:52-54.
10.1007/bf00404025

2. Sanke T, Bell GI, Sample C, Rubenstein AH, Steiner DF: An islet amyloid peptide is derived
from an 89-amino acid precursor by proteolytic processing. J Biol Chem. 1988, 263:17243-
17246.

3. Kong MF, King P, Macdonald IA, et al.: Infusion of pramlintide, a human amylin analogue,
delays gastric emptying in men with IDDM. Diabetologia. 1997, 40:82-88.
10.1007/s001250050646

4. Åkesson B, Panagiotidis G, Westermark P, Lundquist I: Islet amyloid polypeptide inhibits
glucagon release and exerts a dual action on insulin release from isolated islets. Reg Pept.
2003, 111:55-60. 10.1016/S0167-0115(02)00252-5

5. Sexton PM, Paxinos G, Kenney MA, Wookey PJ, Beaumont K: In vitro autoradiographic
localization of amylin binding sites in rat brain. Neurosci. 1994, 62:553-567. 10.1016/0306-

2020 Tomova et al. Cureus 12(6): e8777. DOI 10.7759/cureus.8777 6 of 7

https://dx.doi.org/10.1007/bf00404025
https://dx.doi.org/10.1007/bf00404025
https://www.jbc.org/content/263/33/17243.long
https://dx.doi.org/10.1007/s001250050646
https://dx.doi.org/10.1007/s001250050646
https://dx.doi.org/10.1016/S0167-0115(02)00252-5
https://dx.doi.org/10.1016/S0167-0115(02)00252-5
https://dx.doi.org/10.1016/0306-4522(94)90388-3
https://dx.doi.org/10.1016/0306-4522(94)90388-3


4522(94)90388-3
6. Westermark P: Amyloid in the islets of Langerhans: thoughts and some historical aspects . Ups

J Med Sci. 2011, 116:81-89. 10.3109/03009734.2011.573884
7. Westermark P, Li ZC, Westermark GT, Leckström A, Steiner DF: Effects of beta cell granule

components on human islet amyloid polypeptide fibril formation. FEBS Lett. 1996, 379:203-
206. 10.1016/0014-5793(95)01512-4

8. Hull RL, Westermark GT, Westermark P, Kahn SE: Islet amyloid: a critical entity in the
pathogenesis of type 2 diabetes. JCEM. 2004, 89:3629-3643. 10.1210/jc.2004-0405

9. Clark A, Nilsson MR: Islet amyloid: a complication of islet dysfunction or an aetiological
factor in type 2 diabetes?. Diabetologia. 2004, 47:157-169. 10.1007/s00125-003-1304-4

10. Charge SB, de Koning EJ, Clark A: Effect of pH and insulin on fibrillogenesis of islet amyloid
polypeptide in vitro. Biochem. 1995, 34:14588-14593. 10.1021/bi00044a038

11. Zhang XX, Pan YH, Huang YM, Zhao HL: Neuroendocrine hormone amylin in diabetes . World J
Diabetes. 2016, 7:189-197. 10.4239/wjd.v7.i9.189

12. Kayed R, Head E, Thompson JL, et al.: Common structure of soluble amyloid oligomers
implies common mechanism of pathogenesis. Sci. 2003, 300:486-489.
10.1126/science.1079469

13. Porat Y, Kolusheva S, Jelinek R, Gazit E: The human islet amyloid polypeptide forms transient
membrane-active prefibrillar assemblies. Biochemistry. 2003, 42:10971-10977.
10.1021/bi034889i

14. Janson J, Ashley RH, Harrison D, McIntyre S, Butler PC: The mechanism of islet amyloid
polypeptide toxicity is membrane disruption by intermediate-sized toxic amyloid particles.
Diabetes. 1999, 48:491-498. 10.2337/diabetes.48.3.491

15. Lorenzo A, Razzaboni B, Weir GC, Yankner BA: Pancreatic islet cell toxicity of amylin
associated with type-2 diabetes mellitus. Nature. 1994, 368:756-760. 10.1038/368756a0

16. Opie EL: The relation of diabetes mellitus to lesions of the pancreas: hyaline degeneration of
the islets of Langerhans. J Exp Med. 1901, 5:527-540. 10.1084/jem.5.5.527

17. Cooper GJS, Willis AC, Clark A, Turner RC, Sim RB, Reid KB: Purification and characterization
of a peptide from amyloid-rich pancreases of type 2 diabetic patients. Proc Natl Acad Sci USA.
1987, 84:8628-8632. 10.1073/pnas.84.23.8628

18. Westermark P, Wernstedt C, Wilander E, Hayden DW, O’Brien TD, Johnson KH: Amyloid fibrils
in human insulinoma and islets of Langerhans of the diabetic cat are derived from a
neuropeptide-like protein also present in normal islet cells. Proc Natl Acad Sci USA. 1987,
84:3881-3885. 10.1073/pnas.84.11.3881

2020 Tomova et al. Cureus 12(6): e8777. DOI 10.7759/cureus.8777 7 of 7

https://dx.doi.org/10.3109/03009734.2011.573884
https://dx.doi.org/10.3109/03009734.2011.573884
https://dx.doi.org/10.1016/0014-5793(95)01512-4
https://dx.doi.org/10.1016/0014-5793(95)01512-4
https://dx.doi.org/10.1210/jc.2004-0405
https://dx.doi.org/10.1210/jc.2004-0405
https://dx.doi.org/10.1007/s00125-003-1304-4
https://dx.doi.org/10.1007/s00125-003-1304-4
https://dx.doi.org/10.1021/bi00044a038
https://dx.doi.org/10.1021/bi00044a038
https://dx.doi.org/10.4239/wjd.v7.i9.189
https://dx.doi.org/10.4239/wjd.v7.i9.189
https://dx.doi.org/10.1126/science.1079469
https://dx.doi.org/10.1126/science.1079469
https://dx.doi.org/10.1021/bi034889i
https://dx.doi.org/10.1021/bi034889i
https://dx.doi.org/10.2337/diabetes.48.3.491
https://dx.doi.org/10.2337/diabetes.48.3.491
https://dx.doi.org/10.1038/368756a0
https://dx.doi.org/10.1038/368756a0
https://dx.doi.org/10.1084/jem.5.5.527
https://dx.doi.org/10.1084/jem.5.5.527
https://dx.doi.org/10.1073/pnas.84.23.8628
https://dx.doi.org/10.1073/pnas.84.23.8628
https://dx.doi.org/10.1073/pnas.84.11.3881
https://dx.doi.org/10.1073/pnas.84.11.3881

	Late Pathomorphological Features of the Endocrine Pancreas in Patients With Type 2 Diabetes Mellitus
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	FIGURE 1: Fibrosis and lipomatosis of the pancreas, H&E stain, original magnification x40
	FIGURE 2: Pancreatic Langerhans isle amyloidosis (A) and healthy age-adjusted control (B). H&E stain, original magnification x100 (A) and x200 (B)
	FIGURE 3: Pancreatic Langerhans isle amyloidosis, Congo red stain, original magnification x200
	FIGURE 4: Pancreatic Langerhans isle amyloidosis, Congo red staining observed with fluorescent microscopy, original magnification x200
	FIGURE 5: Diffuse pancreatic changes associated with diabetes – fibrosis, lipomatosis and islet amyloidosis, H&E stain, original magnification x40

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


