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This is a narrative overview of the work accomplished to date, and plans for the full thesis.  Reference citations are given in the Powerpoint presentation.

BACKGROUND
The study of aging is probably as old as people.  Like blind men gathered around an elephant, each view of aging might tell part of the story, but the entire picture isn’t explained by any one of them.

Many theories of aging have been proposed.  Of interest among these are the Free Radical and DNA damage, which focus on the production of ROS by mitochondria, and the accumulation of defects in mitochondrial DNA, as being key causes of aging.  Buildup of ROS in cells is a well known contributor to visible signs of aging, as well as promotes cancer and other diseases.
Dr. Kriete’s team has obtained gene expression data from fibroblasts of people of various ages, and determined that there are some surprising results.  With increasing age, they show:

· Increased calcium and glycolysis activity

· No significant change in ROS levels

· Increased inflammation and apoptosis.

· Reduced ATP production

These suggest that aging is related to chronic low levels of inflammation in the body, and there might be a retrograde response (RR) being observed.  The RR is when cells, to protect themselves from excess ROS production, use anaerobic glycolysis for ATP production instead of oxidative phosphorylation (oxphos).  The use of RR has been observed in many species, but not proven to exist in humans.
WORK TO DATE
My dissertation proposal is based on integration of three analytical perspectives to investigate the implications of these gene expression results.  They are: 

· Cellular modeling using fuzzy logic

· Network analysis of diseases related to aging

· Biodemographic analysis of death rates in industrialized countries
Cellular modeling can be done analytically with sets of differential equations, however this approach isn’t practical when entire groups of reactions (such as oxphos) are being considered a single entity.  Biological systems have been modeled with fuzzy logic, and this was chosen as a good approach comparing results to semi-quantitative data such as limited gene expression data.  
A Java-based fuzzy logic modeling tool, Bionet, was obtained from Dr. William Bosl at Harvard.  It allows rapid modeling of biological pathways, and nodes in it can represent species, reactions, or any other desired characteristic of the system.  

Using Bionet, a preliminary model was created of the Vicious Cycle (VC) view of aging, in which the cell relies only on oxphos for ATP generation.  The VC model leads to rapid decline in biological activity (represented by biosynthesis), and increasing ROS levels.

In contrast, a model of the RR view was also created.  This shows stabilizing ROS levels in the cell, and constant biosynthesis activity.

These models show promise that the gene expression results obtained can be matched by a model which explains their physiological basis.

The network analysis portion of this research investigates the connection between aging, and diseases whose frequency increases with age.  The basis for this line of study is the gene expression data, mapped to genes whose mutations are associated with aging-related diseases.  Thousands of genes have been identified as being connected to specific diseases.  This research has done preliminary mapping of those genes, against the genes which were significantly up- or down-regulated with age in fibroblasts.
The results of this is a list of over 100 diseases associated with the aging-related genes, including many diseases clearly associated with increasing age, such as deafness, diabetes, cardiomyopathy, hypertension, leukemia, gastric and colon cancers, ataxia, macular degeneration, and muscular dystrophy.

The biodemographic portion of this research examined death rates in the United States.  The VC model of aging leads to a purely exponential increase in death rate with age.  The observed death rate is nearly linear on a log scale, however clear perturbations about this trend were observed.  Further study showed that a residual (difference between the actual death rate and the linear model) was clearly sinusoidal in nature, and decreasing at very high ages (90+).  This matches other data which suggests a death rate plateau at high ages for many species, including humans.
THE PLAN
The full dissertation thesis will expand on this foundation in the following ways.
The fuzzy logic models will be expanded and refined to include additional relevant processes and species.  The objective is to determine if a model can be derived which matches the gene expression data, and makes physiological sense.  

The network modeling will be conducted for outside data sources, such as gene expression for brain, muscle, and/or liver tissue.  This should provide additional insight into gene expressions which aren’t evident in fibroblasts, and provide opportunity to see which genes are conserved across tissues.

The biodemographic analysis will be expanded to include death rate data from other industrialized countries (e.g. Japan and Sweden are candidates), to see if the same trends are observed.  Cyclic trends will be analyzed with sinusoidal regression analysis.
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