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Abstract

The pancreas is a specialised multipurpose organ with endocrine islets of Langerhans that are embedded and
scattered in vast numbers throughout the exocrine space. These miniature functional units are composed of
different cell types that secrete hormones into the blood stream, the most abundant being the insulin-
producing B-cell. Together, the collective islet volume constitutes the pancreatic “isletome”, a synchronised,
complex and size-equilibrated system that is able to respond to various metabolic conditions, but can also
become impaired in disease such as diabetes.

It is believed that B-cells are depleted in diabetes induced by streptozotocin (STZ) treatment. Yet,
quantification of B-cell volume dynamics and underlying disease mechanisms have not been extensively
described. Using optical projection tomography (OPT), light sheet fluorescence microscopy (LSFM) and
advanced protocols for ex vivo whole organ three-dimensional (3D) imaging, this study demonstrated that
STZ-induced B-cell depletion is modest, primarily affecting large islets, and is not the primary cause for the
development of diabetes in STZ-diabetic mice. Indeed, STZ-induced hyperglycaemia is caused by
dysfunctional B-cells and that recovery of islet function is restrained by continuous hyperglycaemia.

3D imaging using OPT has proven to be a reliable technique in quantifying cellular/anatomical features of the
mouse pancreas. Here, a label-free and non-destructive method was developed to assess clinical biopsies
within hours of collection. Specifically, this study showed that autofluorescence-based imaging can be used
to delineate tumours of the pancreas (pancreatic ductal adenocarcinoma, PDAC) in 3D, which may aid in
identifying tumour margins in conjunction with resective surgery. Also, the method may provide a novel tool
for rapid 3D analysis of pancreatic biopsies that might improve traditional pathological assessments.

Here, a modified approach was developed to 3D image a whole human organ. Specifically, pancreata from
non-diabetic and type 2 diabetic (T2D) donors, analysing over 200 thousand islets, revealed many new
features, including high islet dense regions and intra-islet haemorrhaging. When applied to the pancreas from
a donor with longstanding type 1 diabetes (T1D), approximately 173,000 insulin-positive objects were
identified. These data indicated several important regional differences in (-cell mass, such as the head
showing the highest density, which potentially reflects key aspects of disease dynamics. Furthermore, discrete
regions with a “punctated distribution” of single p-cells in close proximity of each other were identified.
Elucidating the nature of these clusters may provide important cues for the development of interventions for
clinical regenerative processes in the future. Altogether, this study represents the first whole organ account
of B-cell distribution at the current level of resolution. As such, it may serve as an important advance towards
detailed whole organ analyses of endocrine cell identity/function, via a wide range of markers, in the study of
normal anatomy and pathophysiology of the human pancreas.
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