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Abstract

Zn is critical for the synthesis, storage and release of insulin and abnormalities in Zn
and Zn transporters occur in type 1 and 2 diabetes. However, the mechanism by which
Zn is regulated in islet cells is still poorly understood. The major goal of this thesis was
to investigate the role of Zn and Zn transporters in the pathogenesis of normal and type
two diabetic pancreatic islets, using the type 2 db/db mouse model. There is limited
information available on the physiological role of Zn and Zn transporters in these mice.
The following hypotheses were tested. 1) There is an early loss of Zn in the
development of type 2 diabetes which contributes to the transition to established
diabetes; 2) The loss of Zn causes a block in insulin maturation resulting in impaired
glucose responsiveness, hyperglycemia and decline in beta cell function; 3) This loss of
Zn is due to alterations in Zn transporter proteins and metallothionein at the gene and
protein level. Specifically changes in the organelle Zn transporters ZnT7 and ZnT8
result in the block in insulin maturation, while dysregulation of the inflammation
related plasma membrane Zn transporter protein ZIP14 contributes to inflammation that
results in further beta cell dysfunction. The major aims of the project were to determine
whether in early and late diabetes there are changes in 1) total and labile Zn and
metallothionein, 2) Zn transporter gene expression; and 3) Zn transporter proteins.
Whole pancreata from the db/db mice and age matched controls at various ages were
used to investigate Zn, metallothionein protein, gene expression and subcellular
distribution of Zn transporters and Zn related proteins. Immunofluorescence,
immunoperoxidase and western blotting were used to investigate the Zn transporter
protein expression and distribution. The major findings in this study were in early
diabetes 1) loss of Zn occurred in the labile islet beta cells Zn pools without decrease in
systemic Zn ; 2) There were no changes at the gene level of Zn transporters ZnT1-10
and ZIP1-14 or metallothionein; 3)There was a significant increase in islet ZnT7
protein with a golgi like appearance; 4) ZnT8 protein was downregulated in islet beta
cells but not alpha cells; 5) ZIP4 was expressed almost exclusively in the somatostatin
producing delta cells; 6) ZIP14 staining was signficantly increased and coincided with
islet macrophages. Changes in ZnT7, ZnT8 and ZIP14 expression may be factors
leading to the loss of islet beta granule Zn. ZIP4 may be the major influx transporter for
Zn in delta cells, ZnT8 is the transporter regulating Zn in insulin secretory granules and
ZIP14 may be a novel marker of macrophage infiltration in diabetic islets. There are
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two potential clinical implications. The first is in understanding better the early events
in development of type 2 diabetes, how these are influenced by Zn status and whether
Zn supplements have a role to play in slowing down the transition from pre-diabetes to
established diabetes. The second is a better understanding of islet Zn homeostasis with

potential benefits for outcomes of islet transplantation.
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It is the branch that bears the fruit,
That feels the knife,

To prune it for larger growth,

A fuller life

Though every budding twig be loped
And every grace

Of swaying tendril, springing leaf,
Be lost a space

O thou whose life of joy seems left,
Of beauty shorn;

Whose aspirations lie in dust,

All bruised and torn

Rejoice tho each desire, each dream
Each hope of thine

Shall fall and fade it is the land

Of love divine

That holds the knife that cuts and breaks

With tenderest touch,
That thou, whose life has borne,
Some fruit

Mayst now bear much

Annie Johnson Flint
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