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Even now, I wrap what’s most fragile
in the long gauze of science.
The more elusive the truth,

the more carefully it must be carried.

Anne Michaels
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THESIS ABSTRACT

Transplantation is the best form of treatment for end-stage kidney disease, by improving quality
of life, reducing mortality and lowering healthcare costs. However, the immunosuppressive
medications required have non-selective mechanisms of action, affecting both patient and graft
longevity. Tolerance, the acceptance of an allograft in the absence of immunosuppression,
remains a major goal in clinical transplantation research. Dendritic cells (DC) are potent
antigen-presenting cells (APC) capable of promoting anti-donor immunity and antigen-specific
tolerance, and are a promising target for immunomodulation. Current tolerogenic techniques
involve ex vivo DC manipulation which limits immediate clinical applicability. The scope of
this thesis involves identification of a novel biologic agent, curcumin, to induce tolerogenic DC
and the use of this immunomodulatory agent within a liposomal construct to target and modify

DC function in vivo.

Chapter 1 discusses the context of this thesis and contains a comprehensive literature review.
Chapter 2 outlines methodology and materials utilised in this thesis.

Chapter 3 demonstrates the use of curcumin for in vitro generation of tolerogenic DC that
promote expansion of functional FoxP3+ regulatory T-cells (Tregs). In vivo infusion of
curcumin-treated DC was also able to induce subsequent immune hyporesponsiveness mediated
by FoxP3+ Tregs, and represents a potential avenue for transplant recipient conditioning using
donor (or recipient) -derived DC.

Chapter 4 demonstrates the use of liposomes to target APC in vivo. Liposomal incorporation of
immunomodulatory agents facilitates targeted cellular delivery to tissue-resident APC and

forms a basis for in vivo modulation of APC function. This work demonstrates that the in vitro
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results demonstrated in Chapter 3 can be replicated in vivo, potentially eliminating the need for
ex vivo DC manipulation in a transplant setting.

Chapter 5 demonstrates the utility of liposomal curcumin in ameliorating aspects of ischaemia-
reperfusion injury (IRI), a consequence of transplant surgery that promotes graft
immunogenicity and limits graft longevity. For the first time renal tubular epithelial and
antigen-presenting cell endocytosis of liposomes is demonstrated, as is salvage of renal function
which is mediated by reduced pro-inflammatory cytokine and chemokine production, and
diminished oxidative stress. The results also identify thioredoxin-interacting protein (TXNIP) as
a potential novel marker of tissue injury in IRI, and curcumin effectively reduces this aspect of
cellular redox stress These data represent a novel and effective delivery method for this
immunmodulatory agent, preventing significant renal damage in a manner that has immediate
clinical applicability.

Chapter 6 describes a refinement in liposomal targeting of DC, using a DC-specific liposome
capable of binding to human monocyte-derived DC with high affinity via the receptor DC-
SIGN. The gene for marmoset DC-SIGN was cloned and the cross-reactivity of a human-DC-
targeted liposome to its marmoset counterpart was investigated in vitro. Additional attempts
were made to synthesize a marmoset DC-targeted liposome through basic, non-specific,
chemical modification of a monoclonal antibody to DC-SIGN known to be cross-reactive with
both humans and marmosets, with the aim of creating a cell-free DC-targeted negative vaccine

that could be tested in non-human primates.

Thus, the work presented in this thesis creates a platform for future studies from which DC-

based cellular and cell-free immune tolerance therapies can be developed in a transplant model.
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Tg1 — T regulatory type 1 cells

Treg — regulatory T-cell

TLR - toll-like receptor

TLR4 — toll-like receptor 4

TNF — tumour necrosis factor

23



TNFa - tumour necrosis factor alpha

TolDC — tolerogenic dendritic cells

TPO — thrombopoietin

TQEH — The Queen Elizabeth Hospital

WB — western blot

WCC — White cell count

Xgal — 5-bromo-4-chloro-3-indoyl-beta-D-galactopyranoside
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