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killing of islet b-cells
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Introduction

The human amylin hormoneis one of several novel peptides
recently discovered to be released from pancreatic b-cells’. It
has been isolated as the major component of extracellular
amyloid deposits presentin the isle of Langerhans of patients
with non-insulin dependent
diabetes
(NIDDM)234 and from
insulinoma®. Amylinhas also
beenisolated fromanumber
of “non-diabetic” adults®,
although the extent of
amyloid formation in “non-
diabetics” is lesser
compared to that found in
NIDDM patients’82,

The amylin hormone is a
37 amino acid polypeptide,
with a molecular weight of

me”itus PR ALY N
“ The exact mechanism through

which amyloid fibrils elicit
. programmed cell death in b-cells
: relative to the role of the
amyloid deposits in the
pancreases of patients with
: NIDDM in the causation of
. NIDDM still remains elusive and
. is a subject of great interest. ”

Structure of amylin

Structural similarities exist between human amylin,
calcitonin, and calcitonin-gene related peptide (CGRP).
Calcitoninis a peptide hormone secreted by the thyroid gland
which lowers blood calcium levels and is antagonistic to the
actions of the parathyroid hormone. CGRP is a potent
vasodilator found in the nervous system'®!’.

Between different species there is a strong conservation of
the C-terminal and the N-terminal sequences of the amylin
peptide with a greater degree of variation within the central
region. Human amylin has two post-translational modifications;
a disulphide bond at
positions 28 and 29 and
amidation at the COOH
terminal end 2. The region
between positions 20 to 29
of hurhan amylin has been
reported to form b-pleated
sheets held in place by
hydrogen bonding and
shows a strong self-
aggregating property which
is a likely necessary factorin
the early stages of pancreatic
amyloid plague formation’®,
Other studies have reported

3904 Da, which is
synthesised and co-secreted
with insulin from secretory granules in the b-cells of the isle of
Langerhansin the pancreas?®'%'"'2, A number of localisation
studies have identified the presence of amylin mRNA in the
pancreas of rat '*'%15 and other animals''. Amylin presence
has also been identified in both human diabetic and non-
diabetic b-cells""'. These studies have provided strong
evidence regarding the origin of the amylin hormone from
pancreatic b-cells.

*Developmental Biology and Cancer Research Group, School
of Biological Sciences, University of Auckland, Private Bag
92019, Auckland, New Zealand. Email: e.saafi@auckland.ac.nz.
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region 7 to 20 of the primary
sequence to assume an a-
helical conformation and region 30 to 36 to form a b-turn, a
seemingly important factor for amyloid fibril formation'®.

Production of amylin

Together with other metabolic and neuralinfluences, amylin
has been proposed as an endocrine hormone that regulates
carbohydrate metabolism?*'5, a co-regulatory role amylin
likely shares withinsulin and other gluco-regulatory hormones.

The major regulatory role of insulin seems to be the
promotion of the clearance and storage of glucose and
dietary carbohydrates as glycogen in the liver and skeletal
muscdles. A process which involves glucose transportation by
aninsulin-stimulated glucose transporter, glycogen synthesis
by glycogen synthase, and glycogenolysis which involves
phosphorylase activity, with the ultimate end result of this
insulin action being the prevention of hyperglycaemia'®.
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Figure 1. The amino acid sequences of human amylin, human calcitonin, and human CGRP (1) and (ll)
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30

30

1
CGNLSTCMLGTYTQDFNKHTFPQTAIGVGAP- NH,

30

ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF- NH,

30

ACNTATCVTHRLAGLLSRSGGMVKSNFVPTNVGSKAF- NH,

Amylin and CGRP on the other hand have both been
reported to stimulate glycogen breakdown in both the liver
and skeletal muscle 342921 by mainly affecting the rate-limiting
phosphorylase and glycogen synthase enzymes in a manner
reverse to that by insulin®>?3, The inhibition of insulin action
by amylin has been demonstrated in the perfused pancreas
Bthe isolated b-cell 2425 and the isolated islet ¢,

Amylin has been proposed to exist as a monomer under
“normal” physiological conditions and most likely adopts a
different conformation altogether under amyloidforming
conditions'®. Amylin’s ability to adapt different conformations
or polymorphic fibrillar assemblies of different mass, size and
length in vitro under different conditions has also been
reported?’.

Role of amylin

The role of amyloid in the causation of NIDDM is of great
interest. NIDDM is a disorder most common in adults. Itis
normally characterised by (i) insulin resistance where there is
a decreased sensitivity of peripheral tissues to insulin, a
phenomena amylin most likely contributes to #, (ii) impaired
secretion of insulin, (iii) an increased basal hepatic glucose
production and (iv) the presence of amyloid deposits in the
extracellular spaces of the pancreatic islets of Langerhans, a
characteristic that has been reported to be common in more
than 90% of patients with NIDDM 212:28.29,

Despite early descriptions of hyaline, later known as amyloid,
early in the century by the pathologist Opie3®?!, and Opie
hypothesising a possible role for amyloid in the development
of NIDDM, amyloid was never regarded as important in the
development of NIDDM by the majority of investigators in
the field until recenty.

For years amyloid presence in the pancreas was generally
regarded more as a feature associated with the general
ageing process instead of playing any particular role in the
pathology of NIDDM. However, amyloid deposits found in
the extracellular spaces of the pancreases of diabetic patients
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is now receiving greater acceptance as most likely to play a

possible role in the initiation and development of NIDDM
532,33 X

Certain studies have shown a number of interesting
observationsincluding amyloid’s observed juxtaposition next
to the membranes of islet b-cells*” and the cytotoxicity of
amyloid to b-cells in the pancreatic islet** and to cultured b-
cells from studies by our group (unpublished data). Evidence
showing decreased islet cell DNA content, attributed to an
amyloid-mediated loss in b-cell numbers, with increasing
concentrations of amylin has also been reported?®.

Conclusion

The exact mechanism through which amyloid fibrils elicit
programmed cell death in b-cells relative to the role of the
amyloid deposits in the pancreases of patients with NIDDM
in the causation of NIDDM still remains elusive and is a
subject of greatinterest. Also of interest are the ultrastructural
and biochemical changes that characterise islet amyloid-
mediated b-cell death.

Our studies involve the use of electron fluorescent and
laser-confocal microscopy techniques combined with various
labelling and biochemical methods. These methods are used
to study the ultrastructural and biochemical changes that
reflect the early events occurring after amylin fibril-cell
interaction and initiation of programmed cell death, and also
the time-dependent changes that occur in cellular organelles
after being exposed to amylin fibrils.

Results from this study is of greatimportance as it will help
provide a better understanding of the nature of human amylin
fibri-mediated programmed cell death in islet b-cells relative
to its role in the initiation and development of NIDDM.
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