Summary of project objectives:
Aging-induced memory deficiencies are caused by dysfunctions of various brain regions, including the hippocampus and the prefrontal cortex. Currently not much is known about the anatomical and biophysical properties or the underlying molecular mechanisms that enable these regions to contribute to memory formation or the effects of aging on neural learning and storage capacity. In this project, we propose to combine electrophysiological and modelling approaches to address issues pertaining to aging induced changes in cellular properties and how these influence the information processing capacity of hippocampal and neocortical cells. Towards this target, we will first perform electrophysiological experiments to characterize the intrinsic properties of young and aged pyramidal neurons and then use the accumulated as well as existing data to build realistic compartmental models of these cells. Models will incorporate both anatomical and biophysical information and will be used in simulation experiments to study the effects of aging on the excitability and integrative properties of hippocampal and neocortical neurons.  We are especially interested in (a) investigating the ability of aged neurons to support nonlinear dendritic integration and process incoming signals like multi-layer neural networks and (b) identifying key mechanisms that influence dendritic integration properties as they may serve as a basis for new medical interventions that can alleviate memory loss in the elderly. 

Project Results:

During the first year of the project, the fellow was located in the Alcino Silva laboratory at the University of California, Los Angeles. Initially she was trained in patch clamp electrophysiology as well as conducting behavioural experiments (radial arm maze and water maze) in mice by members of the Silva lab. Following the training period of approximately three months, the fellow was able to successfully patch and record form CA1 pyramidal neurons and characterize their active and passive properties. Similar experiments were also performed in the second year of the project, at IMBB-FORTH where the fellow used her acquired expertise to establish an electrophysiology Unit. Electrophysiological data were used to refine existing models of young and aged CA1 pyramidal neurons in order to study the effects of aging on the integrative properties of these cells. Refined models incorporated both accumulated as well as published anatomical and biophysical data. Using a stimulation protocol described in (Losonczy, 2006) whereby synapses are activated within individual dendrites of young and aged neurons and responses are recorded at the cell body, the fellow contrasted their dendritic integrative properties. We found that (a) although aging results in significant dendritic morphology alterations, morphology alone does not affect dendritic integration in CA1 cells; (b) that the aging-induced decrease in the NMDA current  does affect dendritic integration and (c) that the aging-induced increase in L-type Ca++ current, while affecting neuronal excitability, does not seem to significantly affect dendritic integration. Specifically, a ~70% reduction in the NMDA current (corresponding to that reported in aged neurons) results in a significantly smaller dendritic supralinearity compared to the control (young cell). This reduction can be compensated by activating a larger number of synapses. However, given that synaptic density also declines with aging, it is unlikely that this type of compensation can take place in an aged CA1 pyramidal neuron. Moreover, the ~100% increase in somatic L-type Ca++ currents which leads to stronger SK channel activation, further impairs neuronal excitability.  Overall, our findings suggest that the NMDA and L-type Ca++ mechanisms may play a key role in aging-induced memory loss, via their differential effect on synaptic integration and neuronal excitability, both of which decline in the aged model cell. More experiments (electrophysiological and modelling) that investigate the role of other biophysical mechanisms are ongoing in the fellow’s lab at IMBB-FORTH. A joint manuscript containing these findings is expected to be prepared within 2010. Moreover, the young and aged neuron models will be uploaded to the ModelDB database (http://senselab.med.yale.edu/modeldb/) and the project’s web site (www.anamnisis.org) for free access by the scientific community upon publication of the work.

In addition to the above findings, the fellow was engaged in two related projects while in the A. Silva lab. 
(a) PFC memory loss in healthy and NF1 knockout mice.  The Silva lab has a particular interest in Nf1+/- mice because of their memory and other deficits which resemble that of Neurofibromatosis Type I (NF1) human patients. The fellow and her team developed and calibrated a small network (5 cells) of layer II/III PFC neurons based on the electrophysiological properties of these cells from (a) control and (b) Nf`1+/- mice. The network was used to investigate changes in their activity properties in an attempt to relate these changes with memory deficits that are found in Nf1 patients. We performed simulation experiments and found changes in persistent activity properties of the two networks. Specifically, a reduction in the probability of persistent activity initiation was observed in the Nf1+/- model compared to the control. This work resulted in a joint manuscript which has been accepted to PNAS.
(b) The role of CREB in the allocation of fear memory to subsets of neurons in the amygdala
The Silva lab has a particular interest in memory allocation in amygdala and the hippocampus, namely the storage of a particular memory trace in a subset of neurons. In this project, electrophysiological, molecular and behavioural experiments were done to assess the role of the transcription factor CREB in the allocation of fear memory in the amygdala. The fellow was involved in the design and execution of the abovementioned experiments as well as the analysis of associated electrophysiological data for which a set of software tools was developed. The findings of this project highlighted the role of CREB in memory allocation by showing its effect on neuronal excitability. This work resulted in a joint manuscript which was published in Nature Neuroscience.
Final results and their potential impact and use: 
The final results of this project include (a) the identification of biophysical mechanisms (L-type Ca++ and NMDA currents) with a key role in aging-induced dementias, (b) the development of computational models that help us understand the specific roles of biophysical or anatomical parameters and integration properties in various memory tasks in young vs. old animals and (c) the accumulation of physiological data needed to constrain such models. Our combined experimental and computational approaches have led to the creation of realistic in computo simulators of neural cells. The development of such simulation tools is expected to further facilitate the objective of a knowledge-based society by improving the generation, distribution and use of knowledge and its impact on economic and social development. Memory impairments that result from ageing and associated dementias carry huge societal costs, and the overall impact is expected to grow worse in our ageing population. Our results will hopefully facilitate the search for developing new treatments for memory deficits by providing well-defined physiological parameters that can be used to screen for therapeutic effects of new drugs, gene therapies or other types of medical intervention. 

