The Recent Thymic Origin, Differentiation And

Suppressive Mechanism Of Regulatory T Cells

By

Nicholas Harry Edward Mabarrack, MD

Discipline of Microbiology and Immunology
School of Molecular and Biomedical Science
The University of Adelaide

A dissertation submitted to the University of Adelaide in candidature for the
degree of Doctor of Philosophy in the Faculty of Science
December 2013



Declaration

| certify that this work contains no material which has been accepted for the award of any other degree
or diploma in my name, in any university or other tertiary institution and, to the best of my knowledge
and belief, contains no material previously published or written by another person, except where due
reference has been made in the text. In addition, | certify that no part of this work will, in the future, be
used in a submission in my name, for any other degree or diploma in any university or other tertiary
institution without the prior approval of the University of Adelaide and where applicable, any partner

institution responsible for the joint-award of this degree.

| give consent to this copy of my thesis when deposited in the University Library, being made available

for loan and photocopying, subject to the provisions of the Copyright Act 1968.

The author acknowledges that copyright of published works contained within this thesis resides with the

copyright holder(s) of those works.

| also give permission for the digital version of my thesis to be made available on the web, via the
University’s digital research repository, the Library Search and also through web search engines, unless

permission has been granted by the University to restrict access for a period of time.

Nicholas Mabarrack
December 2013



Acknowledgements

| would like to acknowledge my supervisor, Graham Mayrhofer, who generously
contributed his time, expertise and resources to this project. It has been a
rewarding collaborative effort. It's been a privilege to work with you, and | value
what | have learned. Graham really cares about students and their future, and was
very genuinely forthcoming and honest to me about the career prospects of PhD
graduates and employment opportunities that postdoctoral graduates can expect.
He provided valuable and responsible career counselling to me and selflessly put
aside many hours to give top priority to reading my thesis and providing rapid,
positive, respectful and encouraging feedback to me to guide me on my way. It
was an inspiring “world-class” experience that prompted me to change career to
medicine.

| would like to acknowledge my friend and colleague Nicola for many interesting
scientific discussions and morale boosting meetings that helped us deal with the
problems of being a PhD student in the Bioscience field.

| would like to thank Mahin Moghaddami for her help in preparing synovium rich
tissue samples from arthritic rats, and showing an interest in my work.

| would like to thank Sandy Mclntyre for his professional and exceptional technical
assistance in flow sorting cells for me and for the many long and interesting
discussions we shared at the Detmold Facility.

| would also like to thank Alan Bishop for his expert technical assistance in flow
sorting cells and for many amusing and entertaining conversations.

“Education is not always empowering. It can create barriers to rewarding careers,
demand sacrifices without promise of reward, and present opportunities nobody
would want.”

February 2009



Abstract

Regulatory T cells are a purported lineage of CD4" cells that inhibit the
proliferation and effector functions of other T cells to prevent the development of
autoimmune disease. However, little is known about how they arise, their lifespan
and their patterns of recirculation. Furthermore, the mechanisms through which
they inhibit other T cells remain unclear. In order to address these issues, we
investigated the relationship between regulatory T cells and recent thymic
emigrants (RTE) which are newly formed T cells released into the periphery from
the thymus. The CD25" Foxp3” regulatory T cell subset was found to be closely
associated with RTE, and generated the CD25 Foxp3® T regulatory T cell subset
by unidirectional differentiation. This process was exploited to mature flow sorted
CD4* CD25""Foxp3* T cells into CD25 Foxp3* T cells and determine that they
retain their functional suppressive activity. The phenotype and physiology of the
CD25" Foxp3* and CD25 Foxp3" regulatory T cell subsets were characterised
and compared to conventional T cell subsets, revealing the differential expression
of numerous key molecules. The high expression of CD62L and LFA-1 by CD25"
Foxp3" regulatory T cells was consistent with both their relative enrichment within
secondary lymphoid tissues and their sessile nature. The profile of adhesion
molecules on the surface of CD25  Foxp3* cells suggested they may tend to
localise to sites of inflammation other than the lamina propria, as they have a low
expression of CD103 and CD62L, but high expression of LFA-1. However, CD25
Foxp3" regulatory T cells were found to selectively migrate into the intestinal
mucosa, where they were enriched, and they also returned back to the thymus,
suggesting they may constitute a tissue homing subset of regulatory T cells.

We explored the mechanism of regulatory T cell suppression, and found that
regulatory T cells condition APC to reduce their ability to activate other T cells.
Following the application of this system to differential gene expression microarray
analysis, we identified several putative molecular targets of regulation including 10
novel predicted serine/threonine kinases, a novel four point-1, ezrin, radixin and
moesin domain containing signalling molecule, the E2F transcription factor 5, and
a CD163-like molecule.



Aging was found to negatively affect the productivity of the thymus, although it was
found to be still generating new T cells into old age. While the number of
thymocytes decreased with aging, the number of Foxp3® cells in the thymus was
unaffected, possibly their preferential recirculation back to the thymus. The size of
the peripheral T cell pool decreased with aging, and the proportion of CD25"
Foxp3™ regulatory T cells among CD4" T cells declined. However, the proportion of
CD25 Foxp3" regulatory T cells increased with aging in the periphery. The
conversion of CD25" Foxp3® regulatory T cells into CD25 Foxp3® T cells may
compensate for the declining thymic output of CD25" Foxp3™ regulatory T cells
that occurs with aging, in order to maintain the regulatory T cell pool.
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