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Vaccination is a remarkably effective method for preventing disease. Indeed, the
incidence of several infectious diseases has been dramatically reduced (eg measles, rubella,
diptheria) or even eradicated (eg smallpox) by vaccination. However, the production of
effective vaccines against several important diseases, such as tuberculosis, parasitic infections
such as malaria and schistosomiasis and cancers have proven much more difficult, and awaits
advances in vaccine technology.

The cell that is critically important in promoting effective vaccination is the dendritic cell
(DC). These rare leucocytes have the unique ability to process and present antigen to naive T
cells and initiate immune responses. Our laboratory has undertaken a program of gene
discovery aimed at discovering new molecules expressed at the DC surface. Cell surface
molecules are of particular therapeutic importance, as these proteins can act as "molecular
addresses"; targets for novel vaccines and immunotherapeutic drugs that can be specifically
delivered to DC to promote vaccination and manipulate the immune system.

This project focuses on 3 related cell surface proteins (Signal Related Proteins : Sirpp1,
SirpP2, Sirpp4) that are displayed on the surface of some DC populations (see Lahoud et al.
Journal of Immunology 2006, 177, 372.). Sirpp molecules have an important role in DC
biology. They clearly transduce signal and at least one biological outcome downstream of
SIRP signaling is the regulation of DC phagocytosis - a biological process of critical
importance in antigen uptake and vaccination. Sirpp3 molecules couple to signal transduction
pathways in an unusual way via a molecular interaction with ITAM-bearing transmembrane
adaptor molecules. We have already shown that mouse SIRPB1, like its human counterpart, can
interact with the adaptor molecule Dap12, as can Sirpp2. To our great surprise, Sirpp4 does not
interact with Dap12, giving strong evidence towards major differences in the cell signaling
properties of our three Sirp molecules. With which adaptor molecule does Sirp/4 interact, and
are there any other differences in signaling amongst the Sirp£ family? This project will suit
those interested in molecular immunology and signal transduction. We will:

1. Study the interactions of Sirpp1, 2 and 4 with adaptor molecules such as Dap12, and its close
relatives Dap10 and y chain. This approach will use classical molecular technigues such as the
production and transfection of expression constructs, immunoprecipitation, SDS-PAGE and
western blotting.

2. Study the ability of Sirpp1, 2 and 4 to transduce signals. Here we will use immunochemical
techniques such as western blotting and tyrosine kinase assays, together with cellular
techniques such as cell culture and the classical signaling assay - degranulation of transfected
rat basophilic leukemic cells.
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Cell surface proteins are not randomly dispersed throughout plasma membranes. They are
organised into microdomains characterised by distinct protein and lipid compositions. Membrane
microdomains have specialised functions and play key roles in regulating transmembrane signalling.
This project is concerned with a superfamily of membrane proteins that play a critical role in the
supramolecular organisation of membrane proteins into microdomains - the tetraspanins.

Tetraspanins are a type of membrane protein characterised by their four highly conserved
transmembrane domains. Their role is to organise and direct other membrane proteins into regulated
signal transducing microdomains The diversity of proteins reported to associate with tetraspanins is
impressive and includes many of the most important molecules in the immune system: integrins,
signalling molecules (kinases and phosphatases), CD4, CD8, MHC class | and II. Through this
molecular organisation tetraspanins regulate fundamental biological processes that are critically
important in immunology, such as adhesion, antigen presentation, migration and proliferation. The
importance of tetraspanins is illustrated by their role in human diseases. Regulation of tetraspanin
expression controls cancer cell motility and regulates metastasis. Mutations in tetraspanins induce
genetic diseases such as retinal degeneration; X-linked mental retardation, nephritis, sensorineural
deafness, and epidermolysis bullosa. Tetraspanins also specifically interact with infectious organisms,
CD81 is a receptor for Plasmodium falciparum, and hepatitis C virus and HIV traffics to tetraspanin
microdomains during viral assembly and release.

The human genome has 33 tetraspanin genes and up to 20 of these are expressed in leucocytes.
It is not clear why so many tetraspanins are needed, and to what extent tetraspanins interact with one
another. For example, if the expression of a given tetraspanin is suppressed, is the expression of other
tetraspanins upregulated in compensation for the "missing"” tetraspanin? This laboratory is a world
leader in the study of tetraspanins in the immune system. Uniquely we have generated and study 3
mouse strains where a tetraspanin gene has been "knocked out™: CD37, CD151 and TSSC6. Indeed
tetraspanin deficiency dysregulates T cell, B cell and dendritic cell biology. However, to fully
understand the dysregulation of immunity caused by tetraspanin deficiency a thorough understanding
of the expression of these molecules in various cells of the immune system is necessary.

This project will use the technique of real time PCR to study tetraspanin gene expression in
leucocytes. This will involve a wide range of techniques including cellular immunology (purification
of various leucocyte populations) and molecular biology (isolation of RNA, generation of cDNA, real
time PCR). Specifically we will:

1. Determine the expression of the tetraspanins: CD37, CD151, TSSC6, CD9, CD81, CD82 in major
leucocyte populations (CD4+ and CD8+ T cell, B cell, DC populations, resting and inflammatory
macrophages etc) isolated from normal mice.

2. Determine whether the expression of tetraspanins vary in leucocytes obtained from tetraspanin-
deficient mice.
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Description:

Platelets are part of the cardiovascular system and normally circulate in blood in an
inactive state. Under certain conditions of inflammation or disease, platelets can be
activated to form a thrombus. Thrombosis, heart disease and stroke are the leading
causes of death in the Western world. Thrombosis is initiated by engagement of
platelet surface receptors GPIb-1X-V to von Willebrand Factor (VWF), and binding of
GPVI to collagen. We have projects examining at a molecular level how VWF and
collagen bind to their respective receptors, and how these interactions regulate platelet
responses. Our group was the first to discover that one consequence of platelet
activation is the release (shedding) of receptors from the platelet surface. We have
several projects which will examine the pathophysiological significance of GPIb-1X-
V and GPVI receptor shedding using both activated platelets in experiments in vitro
and in small animal models of thrombosis, using mice genetically engineered to be
unable to shed platelet receptors.

Our goal is to understand the molecular events leading to receptor loss, and to
determine whether receptor shedding can be used as a clinical indicator of patients
predisposed to thrombosis and stroke. Our laboratory uses a range of techniques in
cell and molecular biology including RT PCR, molecular cloning and sequencing,
western blotting, flow cytometry, cell sorting and transfection as well as utilising core
facilities for mass spectrometry and surface plasmon resonance. Our strength in
protein expression and purification allows us to design and make important, unique
reagents for use in cell and platelet experiments in vitro, as well as in small animal
models of thrombosis. We publish in journals of high impact, and have made recent
significant contributions to the haemostasis field by identifying the sites of cleavage
within GPIb and GPVI ectodomains and the metalloproteinases responsible for these
shedding events.
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Allergies to foods are a significant public health concern throughout the world,
affecting in the general population up to 4 percent of adults and 8 percent of children.
The allergic response is usually mediated by the interaction of specific IgE antibodies
to allergenic molecules and causes a range of symptoms, from mild discomfort to life-
threatening anaphylactic shock. More than 90 percent of allergic reactions can be
attributed to exposure to eight foods or food groups, including; fish and shellfish.
Recent years have seen an increase in seafood consumption due to the promotion of
a healthy lifestyle and the nutritive value of seafood. As a consequence there has
been an increase in reports of adverse reactions and immunologically mediated
responses such as asthma to seafood as documented by our group (1,2).

The increase in prevalence of food and inhalant
allergy and the potential fatality of food allergy
has led to increased efforts to find more specific
diagnostic assays as well as effective therapies
and prophylactic measures. Very few allergens
of seafood have been characterised on
molecular level (3), but there seems to be a
close relationship to some inhaled allergens
found in arthropods, such as house-dust mites
and cockroaches (4). In view of the limited
scientific information available, more detailed
characterisation of the major allergens from different seafood and arthropods is
necessary to accurately predict clinical significant cross-allergy among the different
groups.

This project will focus on the identification and molecular characterisation of the
major allergens found in important Australian crustacean species utilising patients
with defined allergy from The Alfred Hospital.

1) Lopata Al, Potter PC.Allergy and Other Adverse Reactions to Seafood. ACI
International.12 (6): 271-281 (2000)

2) Jeebhay MF, Robbins TG, Lehrer SB, Lopata AL. Occupational seafood allergy: A
Review. Occup.Environ.Med. 58: 553-562 (2001)

3) Leung PSC and Chen Y. Molecular identification of the lobster muscle protein
tropomyosin as a seafood allergen. Mol Mar Bio and Biotech. 7(1):12-20 (1998)

4) Reese G, Leong-Kee S, Samuel B. Lehrer S. Basis of Arthropod Cross-Reactivity:
IgE-Binding Cross-Reactive Epitopes of Shrimp, House Dust Mite and Cockroach
Tropomyosins. Intern Arch Allergy Immun. 129(1) (2002)
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AUTOIMMUNE DISEASES

Autoimmune diseases result from an active immune response that targets self-antigens. The result of this
is a chronic inflammatory response aimed at eliminating the autoantigen. This type of immune response
is the basis of many diseases such as type 1 diabetes, rheumatoid arthritis and multiple sclerosis. At
present there are no cures for autoimmune diseases with replacement therapy (such as insulin for type 1
diabetes) and immunosuppressive drugs being the treatment of choice. Unfortunately, replacement
therapy and long-term immunosuppression have significant side affects and therefore the need for cures
is the holy grail of autoimmunity research.

The aims of these studies are to explore strategies aimed at promoting immunological tolerance in the
setting of autoimmunity. Approaches that are being explored include the use of gene therapy to introduce
autoantigens into the immune system such that immunological tolerance is promoted. Our hypothesis is
that the introduction of specific autoantigens into the thymus will induce tolerance to the
autoantigen and render the recipient tolerant. The use of bone marrow derived cells as the
transporters of autoantigen allows these cells to manipulate in vitro and transplanted into the recipient.
This offers a viable gene therapy strategy for inducing antigen specific immune tolerance. Our approach
is to utilise various animal models of autoimmunity to assess potential strategies and procedures
important for inducing immunological tolerance and curing disease.

HONOURS PROJECTS

Honour projects offered within the group will focus on our prime research interests. Studies are
performed in well-defined animal models that are well established and have produced successful projects
to date. Students will be integrated into the research group and involved in active research projects.
Interested students are encouraged to talk with laboratory heads about the range of interests that are
currently in place or planned.

Location:
The research laboratories associated with this group are located at the Southern Clinical School site in
Clayton. Interested students are advised to talk with the lab heads for further details.

REFERENCES
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BACKGROUND

Retinopathy is the most feared complication of diabetes, occurring in all patients. Vision loss in
diabetic retinopathy is due to progressive damage to the microvasculature, which involves
inflammation, acellular capillaries and pathological angiogenesis. These events result in vascular
leakage and haemorrhage, which obscures vision and often results in blindness. Unfortunately, current
treatments such as laser therapy do not prevent disease progression. Research is now focussed on
understanding the underlying factors that cause diabetic retinopathy in order to develop effective new
treatments.

A variety of haemodynamic, metabolic and growth factor systems are implicated in the development of
diabetic retinopathy. One factor that has received attention is angiotensin Il. This is based on clinical
studies and our reports that angiotensin Il blockade improves aspects of ischemic and diabetic
retinopathy.

Angiotensin 1l is part of the renin-angiotensin-aldosterone system (RAAS), which includes the
production of aldosterone. There is substantial evidence from cardiovascular and renal research that
aldosterone mediates some of angiotensin II’s injurious effects. We have novel data, indicating that
aldosterone promotes both inflammation and angiogenesis in the ischemic retina. However, whether
aldosterone contributes to the development of diabetic retinopathy is unknown.

PROJECT

Diabetes will be induced in laboratory rats with the chemical streptozotocin, resulting in a model of
Type 1 diabetes. Animals will be studied for 8 weeks and retinal vascular pathology and inflammation
evaluated using histological, immunohistochemical and molecular biology techniques.

Specific Aims of the Project
To determine if in diabetic rats, aldosterone blockade (mineralocorticoid receptor antagonism)
improves,

a) retinal vascular pathology

b) retinal inflammation

c) expression of inflammatory and angiogenic factors

OUTCOMES

The project will be the first to provide insight into the actions of aldosterone in diabetic retinopathy and
determine if mineralocorticoid receptor antagonism is a potential therapeutic candidate. This work has
direct relevance to clinical studies, given the interest in the DIRECT trial, which is evaluating the
retinoprotective effects of angiotensin Il blockade in diabetic patients.
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BACKGROUND

Retinopathy is the most feared complication of diabetes, occurring in all patients. Vision loss in
diabetic retinopathy is due to progressive damage to the microvasculature, which involves
inflammation, acellular capillaries and pathological angiogenesis. These events result in vascular
leakage and haemorrhage, which obscures vision and often results in blindness. Unfortunately,
current treatments such as laser therapy do not prevent disease progression. Research is now
focussed on understanding the underlying factors that cause diabetic retinopathy in order to develop
effective new treatments.

A variety of haemodynamic, metabolic and growth factor systems are implicated in the development
of diabetic retinopathy. One factor that has received attention is angiotensin Il, the major end-product
of the renin-angiotensin-aldosterone system (RAAS). This is based on clinical studies and our reports
that angiotensin Il blockade improves aspects of ischemic and diabetic retinopathy.

An enzyme called prorenin initiates the RAAS. For over 3 decades, researchers have not understood
why prorenin is so abundant in the circulation, and is dramatically increased in diabetic patients. It has
been suggested that prorenin itself may cause organ pathology, independently of angiotensin 1.

Over past few years, exciting new evidence has emerged indicating that prorenin has its own receptor
called (P)RR. Inhibition of (P)RR has been shown to be better at protecting the kidney from diabetic
damage than angiotensin Il blockade, suggesting an important role for prorenin in diabetes.

In terms of diabetic retinopathy, the (P)RR may be even more relevant, as prorenin is increased in the
diabetic eye and synthesized in retina.

PROJECT

The goal of this project is to determine if (P)RR inhibition improves diabetic retinopathy. Diabetes will
be induced in laboratory rats with the chemical streptozotocin, resulting in a model of Type 1 diabetes.
Animals will be studied for 8 weeks and retinal vascular pathology and inflammation evaluated using
histological, immunohistochemical and molecular biology techniques.

Specific Aims of the Project

d) To determine if (P) RR inhibition improves retinal vascular pathology.

e) To determine if (P) RR inhibition improves retinal inflammation.

f) To determine if the protective effects of (P) RR inhibition are mediated by the MAPK ERK1/2
intracellular signaling pathway.

OUTCOMES
The project will be the first to provide insight into the actions of prorenin in diabetic retinopathy and
determine if (P)RR inhibition is a potential therapeutic candidate.
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Background:

Lymphocyte clonal selection and expansion are critical in mounting adaptive immunity. The
underlying mechanisms of massive lymphocyte proliferation under different developmental and
immune responsive conditions remain largely undefined. Recent studies suggested that human
telomerase reverse transcriptase (nTERT), the catalytic subunit of telomerase, is up-regulated during T
cell clonal expansion, suggesting that telomerase activation and telomere maintenance in the T cell
nucleus are important events associated with immune cell response. But, how telomerase is activated
and if telomerase activation plays a causal role as a prerequisite for T cell clonal expansion are
unknown. Investigation of the action and molecular regulation of telomerase maintenance of telomeres
in lymphocytes will be important in our understanding and manipulating lymphocyte function.

Aim and hypothesis:

The aim of the project is to determine telomere length and the length maintenance by telomerase in
lymphocytes from donors and immune compromised cancer patients, and to observe effects of mitogen
on lymphocyte activation and telomerase activity in cultured lymphocytes. We hypothesize that during
activation of lymphocytes, the hTERT gene is turned by intracellular signaling pathway, leading to
increased telomerase activity. Telomerase may then maintain or elongate telomeres allowing
lymphocyte proliferation without subject to cell division-dependent telomere shortening and telomere
shortening -dependent inhibition of cell proliferative lifespan.

Methods and experimental outline:

Telomerase hTERT gene expression will be determined by RT-PCR, telomerase activity determined
by a specific enzyme activity assay, and telomere length determined by Southern blotting in isolated
lymphocytes from donors and cancer patients. All methods have already been established in our
laboratory. In addition, lymphocytes will be cultured and treated with telomerase inhibitors before or
after stimulation for proliferation. Techniques to be used include:

1. Lymphocyte isolation and culture

2. Gene expression analysis by RT-PCR and Western blotting

3. Telomerase bioactivity assay

4. Telomere length measurement by Southern blotting or fluorescence in situ hybridization
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Background:

Cholesterol is transported in cell from cell membrane to endosome and lysosome by endocytosis
(internalization), and from lysosome and endosome to plasma membrane and the Golgi apparatus. Chole
is also synthesized in endoplasmic reticulum and then transported to various intracellular destinations
including plasma membrane. Failure of cholesterol transport at any site of the cellular organelles results
malfunction, degeneration and even death of the cells. However, how cholesterol transport is mediated a
controlled at each of the intracellular organelles is largely unknown. Studies on Golgi nucleotide binding
protein from our laboratory have led to cloning of a novel ATPase that is well conserved in mammals. T
ATPase has been characterized to be a P-type ATPase transporter of cholesterol localized to many
intracellular organelles, including the lysosome, of predominantly neurons. Further studies of the choles
transporter gene expression at different regions of human brain will be fundamental in shedding light on
function of cholesterol transport in brain physiology, neurology and diseases.

Aim and hypothesis:

The specific aim of this project is to determine the cholesterol ATPase transporter gene expression in
different tissue sections of human brain using immunofluorescence staining and in situ hybridization.
Based on the Serial Analysis of Gene Expression (SAGE), the cholesterol transporter is possibly
expressed preferentially in the substantia nigra and other brain specific regions.

Methods:

The protocol will be straightforward sectioning of human brain tissues from the Brain Tissue Bank at
the Mental Health Research Institute, and immunohistochemistry staining. Immunofluorescence staining
will be also used to verify immunological specificity, and confocal microscopy used to confirm defined
subcellular localization of the cholesterol transporter.
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Background:

Telomerase plays a key role in the maintenance of telomeres (end of chromosomes) in stem cell
nucleus. It lengthens telomeres and protects telomeres from being seen as DNA double breaks,
underpinning stem cell renewal and proliferative activity, and preventing cell senescence and
apoptosis. Acting on cell membrane receptors, cytokines play important roles in programing stem cell
development, from renewal to proliferation or/and differentiation, in various microenvironments
including stem cell niche. However, how cytokines regulate the fate of stem cell development is largely
unknown. Recent studies show that activation of telomerase mobilizes stem cell proliferation from
stem cell niche. Studies from our laboratory provided exciting preliminary data showing several
connections between the cytokine bone morphogenic protein family and telomerase activity in tissue
progenitor stem cells of the pancreas from mouse. Thus, cytokines may operate to regulate certain key
gene such as the telomerase gene — telomerase reverse transcriptase (TERT) to influent cell decision to
proliferate or not, with the mechanism of changing telomere sizes. Telomeres shed off ~150 base pair
DNA per each cell division, and when telomeres are critically short, cells stop dividing manifest
senescence (ageing), so telomeres function as a mitotic clock determining cell proliferative potential.
Elongation of telomeres by telomerase confers the cells proliferative capacity and delayed entry into
cell senescence and apoptosis.

Aim and hypothesis:

The aim of this project is to determine how the cytokine bone morphogenic protein (BMP) family
regulates telomerase activity and telomere length in cultured stem cells. We hypothesize that certain
BMP cytokines regulate telomere homeostasis both positively and negatively. While some cytokines,
such as BMP7, inhibit, others may stimulate telomerase activity and telomere maintenance. These
inhibitory and stimulatory effects of BMPs can be revealed by treating cultured stem cells with the
cytokines.

Methods:

The experiments will be done in vitro using cultured mouse pancreatic stem cells in our laboratory.
Cells will be treated with different concentrations of cytokines for different periods of time, followed
by harvesting the cells for measurement of telomerase activity, TERT gene expression and telomere
length. Techniques to be used include tissue cultures, gene expression analysis by RT-PCR, enzyme
activity assay and Southern blotting analysis of telomeric DNA. Other microscopic examinations,
immunofluorescence staining techniques and molecular cell biology techniques are all available in our
laboratory.
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Background:

Oestrogen plays a critical role in tissue development and aging. Although various mechanisms have
been proposed in oestrogen-regulated tissue development and aging, it remains to be elucidated of how
estrogen regulates stem cell renewal, proliferation and differentiation. Recent studies from this
laboratory have shown that oestrogen stimulates gene expression of telomerase (human telomerase
reverse transcriptase or hTERT) to maintain telomeres (the ends of chromosomes) in the stem cell
compartments of ovary and adrenal gland in mice. These findings suggest that estrogen acts to regulate
stem cell renewal capacity and cell lifespan by lengthening telomeres, as telomeres function as a
mitotic clock controlling the cycle numbers of cell divisions (population doubling). However, further
studies are required to characterize the effects of estrogen on stem cell proliferation as a function of the
maintenance of telomeres by telomerase. Establishment of oestrogen regulation of telomerase
maintenance of telomeres in stem cells in vivo will be fundamentally important in our understanding of
stem cell biology and its potential implication in regenerative medicine.

Aim and hypothesis:

The aim of this project is to determine how estrogen deficiency impacts on telomerase gene expression,
telomerase activity, telomere length and stem cell proliferation. We hypothesize that elimination of
oestrogen in mice mimics menopause conditions in human to negatively effect on stem cell
compartments in estrogen-responsive tissues such as ovary, uterus and other endocrine organs. It is
highly likely that the limited cell proliferative potential in these tissues in the absence of estrogen is
mediated by de-regulation of telomere homeostasis due to inhibition of telomerase gene hTERT.

Methods:

The experiments will be done using oestrogen-deficient mice that are already available. This model
will be controlled by both hormone replacement therapy and normal wild type control groups. We will
collect different tissues from the estrogen deficient and control groups and isolate stem cells for
measurement of hnTERT gene, telomerase activity and telomere length. Isolated stem cells will be also
cultured for counting cell proliferation. The focus will be on ovary gland as well as uterus. Techniques
to be used include tissue cultures, gene expression analysis by RT-PCR, enzyme activity assay and
Southern blotting analysis of telomeric DNA. Other microscopic examinations, immunofluorescence
staining techniques and molecular cell biology techniques are all available in our laboratory.
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Background:

Cancer cells are immortal, and continuous proliferation of cancer cells produces more gene mutations
underpinning cancer cell malignant transformation. Telomerase is a key molecule critically required for
cancer cell immortalization. Anomalous activation of telomerase in normal cells induces
immortalization of the otherwise normal cells; inhibition of telomerase by anti-sense or dominant
negative gene expression of telomerase reverse transcriptase (hnTERT, catalytic subunit of telomerase)
inhibits cancer cell immortality both in vitro and in vivo. Thus, expressed in vast majority of cancers
but not in normal somatic tissues, telomerase is hailed to represent a most important molecular target
for developing wide-spectrum anti-cancer therapies. However, to date, no small molecule has been
reported to inhibit the catalytic activity of telomerase. Studies in our laboratory have recently identified
particular molecules inhibiting telomerase directly in the cell nucleus or indirectly through acting on
cancer cell surface. Further characterization of these telomerase inhibitory reagents will be important in
our understanding of telomerase activity control mechanisms and tumor targeting.

Aim and hypothesis:

The aim of this project is to inhibit telomerase using small molecules and extracellular antagonists
identified in our laboratory in cultured cancer cells and inoculated tumours in mice. Control agents will
include synthetic and plasmid-based hTERT siRNA, to silencing the hTERT gene. We hypothesize that
hTERT reverse transcriptase activity and telomere binding activity can be both targeted specifically.
Inhibition of telomerase with small molecules and extracellular reagents may arrest immortalized
tumour cells and tumour growth in vivo.

Methods:

Cultured tumour cells and inoculated tumours will be treated with different reagents at different
concentrations for different periods of time. Telomerase activity and hTERT gene expression will be
assessed by enzyme activity assay and RT-PCR respectively. Telomere length will be determined by
Southern blotting. Cell senescence (ageing) will be examined by b-Gal staining and morphological
changes. All methods have already been established in our laboratory.
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Introduction

Asthma prevalence is reaching epidemic proportions in developed countries, including Australia,
placing a considerably financial burden on the health care system. For those who suffer from
asthma quality of life can be severely reduced. Research groups worldwide are attempting to
develop immune-based therapies to prevent and control this disease. Thus far, these can control but
rarely completely prevent or cure the disease.

Allergic asthma is the result of an inappropriate immune response to common environmental
allergens, but the precise mechanisms that promote and control it are still an immunological puzzle.
Antigen presenting cells (APC) in the lung, specifically dendritic cells (DC), play critical roles in
the induction of different types of immunity, and are clearly implicated in asthma pathogenesis.

The lung airways are continuously exposed to pathogenic and non-pathogenic airborne particles of
different size and composition. Epidemiological data suggests pollution-related particulate
inhalation increases the likelihood of asthma development, with particle chemical composition,
adsorbed allergens and bacterial components all playing roles. However, controversy exists
regarding the relative role of fine (> 100 nm) versus ultrafine (< 100 nm) particles in asthma
pathogenesis. This project will build upon novel and exciting findings from our laboratories on the
effects of different sized particles on lung APC, specifically DC, and help resolve the controversy
on the effect of particle size on asthma susceptibility

Aims
1. Optimize and develop new asthma preventive and therapeutic immune-control strategies in
a mouse model of experimental allergic asthma
2. Develop an in-depth understanding of the function of APC and DC in the mouse and human
respiratory tract.

The effect of particles on peripheral DC, studied as controls in this study, will not only complement
the study of lung APC, but is itself an important question to address to progress effective vaccine
development against a range of infectious diseases and cancer.

This project will teach the candidate cutting-edge cellular immunology and molecular techniques:
isolation of APC/DC from various pulmonary tissue compartments; multi-colour flow cytometry;
in vitro assays including (1) enzyme-linked immunosorbent SPOT (ELISPOT) analysis of key
cytokines (IFN-y, IL-4, IL-5 and IL-13), (2) proliferation assays; quantitative image analysis.
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Immunoregulation is crucial in order to generate a balanced immune
system that can recognize harmful non-self antigens while not
recognizing self antigens. This balanced system is established during
neonatal development when central tolerance occurs however on-going
peripheral regulation is essential to maintain this balanced system during
health and times of disease. Many cells are involved in this ongoing
peripheral regulation including regulatory T cells. Many regulatory T
cells have been identified; however this project will be focusing on a
recently identified non-conventional regulatory T cell.

In our laboratory, we have identified a non-conventional regulatory T cell
in both mice and humans that can regulate the immune system in a unique
manner. Investigations thus far have characterised the cells phenotype
and have begun determining the cells mechanism of suppression. Early
work suggests a role for these cells in mouse malaria models and also
HIV and malaria in humans.

Current research projects on offer include:

1) Further characterization of the non-conventional regulatory cells in
mice and analysis of the cells function in the maintenance of immune
homeostasis and in diseases such as malaria.

i) Studying the non-conventional regulatory cells in human PBMC,
finalizing their mode of regulation and investigating their potential role in
autoimmune disease and cancer.
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Type 1 Diabetes (T1D) is an autoimmune disease, affecting about one
in 250 Australians, which causes the immune system to attack and
destroy its own insulin-producing beta cells.

The diabetes research team studies the role of the MHC genes (or HLA
in humans) and the role of the insulin gene in predisposing to T1D.
Most of the research into these genes is done in NOD mice, which are
specifically bred for susceptibility to T1D. The diabetes team uses a
powerful genetic engineering tool called ‘cre-lox’ to make subtle
modifications in the MHC and insulin genes of NOD mice. Mutant
NOD mice are then studied for the role of these genes in the initiation
and progression of T1D.

Current research projects include:

1) Defining how a single amino acid change in 32M (MHC class |
light chain) confers susceptibility or resistance to T1D

2) Defining how the human insulin promoter regulates expression of
insulin in the thymus, and how this impacts on susceptibility to
T1D

3) Studying NOD mice that have a deletion of MHC class | from
their insulin producing beta cells, and assessing the affect of this
deletion on the pathogenesis of T1D.

4) Studying NOD mice that have a deletion of MHC class | from
subpopulations of the immune system (APCs or B cells or
macrophages or dendritic cells), and assessing the affect of this
deletion on the pathogenesis of T1D.









