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SUMMARY
Open-angle glaucoma (OAG) is a leading cause of permanent blindness in Australia,
affecting 2-3% of the population over 40. Death of neurons in the retina causes a
progressive loss of vision that can lead to total blindness if left untreated. OAG has a
strong genetic component, yet the genetic architecture of this condition is poorly

characterised.

The cornea is the transparent tissue located at the front of the eye and lower central
corneal thickness (CCT) values are a major risk-factor for OAG. CCT varies between
individuals, exhibiting a normal distribution in the population. Differences in CCT are
evident between ethnic groups and there is evidence suggesting that skin pigmentation
may also influence this trait. Several studies have indicated that CCT is highly

heritable, yet the genes that account for normal CCT variation are unknown.

Given the strong correlation between a reduced CCT and OAG and the fact that both
of these traits are highly heritable, this thesis was undertaken to investigate the
hypothesis that genes involved in the determination of normal CCT variation are also
susceptibility loci for OAG. In order to test this hypothesis, the initial goal was to
identify genes associated with CCT, followed by investigation of these genes in an
OAG cohort. The role of mammalian pigmentation in influencing CCT was also
assessed. The aims of the work described in this thesis were:

i.  Toinvestigate the association between pigmentation and CCT.

ii.  To identify novel genetic determinants of CCT.

iii.  To determine if any identified CCT genes are associated with OAG.



Both human and rodent studies were used to assess if pigmentation is associated with
CCT. A meta-analysis of published CCT data in different human ethnic groups was
conducted, along with measurement of CCT in 13 different inbred strains of mice
with various pigmentation phenotypes. Findings from the meta-analysis (p < 0.001)
and mouse studies (p = 0.008) indicated that pigmentation does influence CCT, thus

recognising pigment-related genes as candidates for influencing CCT.

In order to identify novel genetic determinants of CCT, two approaches were
employed, a candidate gene study and a genome-wide association study. The
candidate gene study involved selecting 17 genes that were hypothesised to be
involved in CCT determination based on their functional properties. Two of these
genes, COL1A1 and COL1A2, were found to have a significant association with CCT.
A genome-wide association study is a technique that interrogates the entire genome in
order to find genetic loci associated with a particular trait, which in this case is CCT.
The results of the genome-wide association study identified FOXO1 and ZNF469 as
novel CCT genes. The four identified CCT genes were then screened in an OAG

cohort, with FOXO1 found to increase susceptibility to the development of OAG.

Data from this thesis has significantly improved knowledge of the factors involved in
CCT variation. Along with confirmation that pigmentation influences CCT, COL1A1,
COL1A2, FOXO1 and ZNF469 provided the first evidence of any genes involved in
the determination of this trait. The identification of FOXO1 as a potential OAG gene
is also a finding of significance which may have implications for future research into

the disease.



DECLARATION BY STUDENT

| certify that this thesis does not incorporate without acknowledgment any material
previously submitted for a degree or diploma in any university; and that to the best of
my knowledge and belief it does not contain any material previously published or

written by another person except where due reference is made in the text.

David P Dimasi



ACKNOWLEDGEMENTS

First and foremost, | wish to acknowledge the two people that made this whole project
possible, Jamie Craig and Kathryn Burdon. | don’t think it is possible to have two
more dedicated, talented and hard-working supervisors than Jamie and Kathryn. To
Jamie, your encouragement, support and guidance over the journey has been
invaluable and not just during my PhD tenure, but in the years before as well. There
have been many times when I have become disillusioned with the project or with
research as a whole, yet your enthusiasm and thirst for new ideas always manages to
get me motivated again! To Kathryn, I think your patience and willingness to help are
just incredible. I always marvel at the way you manage to find the time and energy to
help when you have a lab full of students and research assistants demanding your
time. It is also safe to say that Kathryn has taught me pretty much everything I know
about genetics and her ability to make me understand such a difficult topic is a credit
to her teaching skills. I think I could on for pages about how much | appreciate all the
work that Jamie and Kathryn have put into this project, but in summary, I would just
like to thank them both for believing in me as a student and for above all else, being
kind, supportive people who | consider friends. While 1 am on the topic of
supervisors, | would also like to thank David Mackey for his help and input,
particularly with his critiquing of manuscripts and the thesis.

Along with my supervisors, there are several other people | would like to thank for
their guidance over the years. To Shiwani Sharma, who offered me my first job out of
university and has been there ever since, | thank you immensely for all your support
during this time, your knowledge of laboratory techniques is a great asset to the
department and | owe many of my current skills to your teaching. Many thanks also to
Keryn Williams, whose encouragement gave me the confidence to take on the
responsibility of a PhD in the first place. The general assistance that Keryn has
offered in so many ways is also much appreciated, particularly with her knowledge of
everything NHMRC! Finally, I would like to thank Doug Coster for giving me the
opportunity to undertake a PhD in the department. | feel truly fortunate to have been
involved with Ophthalmology over the years and | think Doug must take a lot of the
credit for turning the department into what it is today. Doug’s stories always have a
way of brightening my day and | hope to hear many more in the future.

Perhaps the major reason | have enjoyed my time in Ophthalmology so much has
been the people | have met along the way. The task of coming to work every day is
made a great deal easier when you know you get to spend your time amongst friends.
There are so many Ophthalmology people, both past and present, | would like to
acknowledge but I can’t do everyone, so here’s hoping | don’t forget anyone
important! A big thank you to members of the lab, including Margaret, Abraham,
Alpana, Helen, Sarah M, Mona, Peter, Doug P, Bastien, Rhys, Gemma, Iman, Greta,
Shari and Beverley. A special mention must go to Kirsty for help with animal and
fishing techniques, to my fellow suffering PhD students Mel, Alison, Sue and Sarah
B, to my fellow Entourage buddy Lauren, to Yazad for endless discussions on cricket
and sport, to Paul for his help and scrutiny of footy tipping and to Amy and Kate for
being long time compatriots on the bench in level 4. | would also like to acknowledge
all the staff in my new home, the office, including Lyn, Anne, Bronwyn, Lynda,
Emmanuelle, Marie, Miriam and Richard. In particular, 1 would like to thank Deb for



all her help sorting out my endless contract problems and for providing the daily
paper.

There are also several people | wish to acknowledge for the technical assistance they
provided to this project. Thank you to the members of the anatomical pathology
department at Flinders, including Sonja, Richard and John for their help with EM
imaging. | am also grateful to the assistance provided by Stu in the animal house and
Oliver in the DNA sequencing facility. Finally, a big thank you to Stuart Macgregor
and Yi Lu from the QIMR for their analysis of the genome-wide association data. In
particular, I am especially thankful to Yi for responding to my barrage of my emails
and running extra analyses in her own time for the benefit of my project.

Finally, a big thank you must go to my family and friends, who all played a part in
helping me complete this thesis. To my parents, who must have got sick of hearing me
say ‘I’m almost finished’, | thank you for your support and patience over the last 4
years. | would also like to thank my friends for not giving too much of a hard time
when | couldn’t commit to as many social outings as | would have liked over the last
few months. Lastly, 1 am especially grateful to my girlfriend Claire for her help
during the course of this PhD, particularly during the months when | was stuck at
home writing. | cannot thank Claire enough for the encouragement she has given me
and | am so grateful for the patience she has shown while our relationship has
effectively been put on hold. The fact that Claire also found the time to read and
critique my thesis speaks volumes of the person she is. | look forward to spending
some quality time together now that this thesis is complete



