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Towards a Dynamic Account of Epigenetic
Expression

Tsvi Achler * and Eyal Amir **

University of Illinois Urbana-Champaign
201 N. Goodwin Ave
Urbana, IL 61801

Abstract. Regulation through feedback is a common theme found in biology in-
cluding gene expression and physiological homeostasis. Yet, the role of feedback is
often under-appreciated.

For example, it is common that several copies of a genes and their promoters can
are found in the genome. Though these gene copies are now separate they can
still interact because they make the same or similar products. Furthermore their
promoters may respond to the same or similar products. This can give rise to
complex interactions between these genes.

Suppose product z; can be found on genes y1 & y2, while product z2 is found
only on gene y2. If gene y; is regulated by product z: and gene y is regulated by
products x1 & x2, then the activation of gene y1 can depend on the level of product
x2. If products x1 & x2 are consumed equally, then gene y will be promoted at
the expense of gene yo.

This scenario can be expanded to show how genes can interact in a distributed
fashion. If there is now a third gene ys which produces products z2 & z3 (and
regulated by products xz2 & x3), then genes y1 and y3 can together sequester gene
y2. If products x1, r2 & x3 are consumed equally, gene y2 will be sequestered.

In this model it is assumed that each promoter aims to produce a certain amount of
product. If the product is scarce its expression is increased. Conversely, if too much
product is present it is decreased. Also promoters regulated by multiple products
are regulated by the products equally.

This example demonstrates how genes can be expressed dynamically based on prod-
uct consumption. Through this product-promoter regulation, genes can interact and
produce efficient expression configurations or dynamic epigenetic expression

Keywords: Feedback, Regulation, Epigenetic phenomena, multiple gene copies,
Promoters, Protein Expression

* email: achler@Quiuc.edu

** email: eyal@cs.uiuc.edu



Investigating Functional Cooperation in the
Human Cortex with Graph-Theoretic Methods

Michael Anderson *

Institute for Advanced Computer Studies
Program in Neuroscience and Cognitive Science
University Of Maryland

College Park, MD 20742

Abstract. This paper introduces a very simple analytic method for mining large
numbers of brain imaging experiments to discover functional cooperation between
regions. I then report some preliminary results of its application, illustrate some of
the many future projects in which we expect the technique will be of considerable
use, and describe a research resource for investigating functional cooperation in the
cortex that will be made publicly available through the lab website.

For instance, the techniques have been used to investigate some predictions made by
the massive redeployment hypothesis (MRH). MRH is a theory about the functional
topography of the cortex, rooted in the claim that cognitive evolution proceeded
in a way analogous to component reuse in software engineering, whereby existing
components-originally developed to serve some specific purpose-were used for new
purposes and combined to support new capacities, without disrupting their par-
ticipation in existing programs. So far, we have been able to support four specific
predictions made by MRH. First, any given brain area is typically redeployed in
support of many cognitive functions, and such redeployment will not respect tradi-
tional domain boundaries (that is, brain areas are not domain-restricted entities).
Second, differences in domain functions will be accounted for primarily by differ-
ences in the way brain areas cooperate with one another, rather than by differences
in which brain areas are used in each domain. Third, more recently evolved cogni-
tive functions will utilize more, and more widely scattered brain areas. And fourth,
evolutionarily older brain areas will be deployed in more cognitive functions.
Future research using the techniques includes investigating a novel method for re-
lating fMRI data to EEG data. Bringing EEG and fMRI together in the way en-
visioned would make it possible to mine the vast trove of fMRI data to provide
baseline expectations for normal brain function, in terms of the temporal correla-
tion between brain areas. Since this can be observed cheaply, non-invasively, and
in real time with EEG, it would be of great use in clinical settings for detecting
deviations from normal function, such as might be observed prior to the onset of
an epileptic seizure.

* email: michael.anderson@fandm.edu



A Novel Generalized Spike-Wave Detector:
Towards Real-Time Applications in Epilepsy

Michael Bewernitz! *, Onur Seref? **, Basim Uthman! *** and
Panos M. Pardalos™?

1" J. Crayton Pruitt Family
Department of Biomedical Engineering
University of Florida

2 Department of Systems and Industrial Engineering
University of Florida

Abstract. We present an application of one-class support vector machines (SVMs)
to the detection of generalized spike-wave discharges from patients with generalized
absence epilepsy. This particular detection approach aims to produce a real-time
seizure detection apparatus with time resolution on the order of hundreds of mil-
liseconds. The results for various combinations of relevant SVM parameters and de-
tection rules are presented and discussed. Such a device could be utilized for rapid
offline EEG annotation, online diagnostic purposes, and potential online seizure
control applications.

* email: Bewerni2@ufl.edu

** email: seref@ufl.edu
email: basim.uthman@neurology.ufl.edu
t email: pardalos@ufl.edu
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Data Mining Application for Processing EEG
Obtained from Epileptic Patients Treated with
Vagus Nerve Stimulation

Nikita Boyko! *, Michael Bewernitz? **, Vitaliy Yatsenko® ***,
Panos Pardalos' T, Basim Uthman* *, and Georges Ghacibeh?

L University of Florida

Department of Industrial and Systems Engineering
Gainesville,FL. 32611

University of Florida

Department of Biomedical Engineering
Gainesville,FL. 32611

Institute of Space Research

40 Glushkov Ave

Kiev 03022

Ukraine

University of Florida

Department of Neurology
Gainesville,FL. 32611

Abstract. This work presents a pilot study of EEG recordings from six epileptic
patients undergoing treatment with Vagus Nerve Stimulator(VNS). Raw EEG sig-
nal was transformed to a sequence of maximum Lyapunov Exponents (ST Lmax).
Then the two data mining techniques Logistics Regression and Support Vector
Machines were applied to the STLmax time series. Both techniques allowed us to
separate stimulation states versus non-stimulation states with a different degree of
separation for different patient. The result of the experiment indicated that the
separation quality for Local Lyapunov Exponents provides a possible physiologic
marker for optimal VNS parameters based on measures of scalp EEG signals. These
results motivate further studies to provide additional characterization of ST Lmax
and its relationship to the stimulation parameters.

email: nikitaQufl.edu

email: bewerni2@ufl.edu

email: yatsenko@ise.ufl.edu

t email: pardalos@ufl.edu

¥ email: basim.uthman@neurology.ufl.edu
§ email: ghacig@neurology.ufl.edu
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Temporal Lobe Epilepsy: Anatomical and
Effective Connectivity

Paul R. Carney'-234 * Alex Cadotte! **, William Ditto® ***,
Thomas H. Mareci® T, and Thomas DeMarse? *

Departments of Pediatrics
University of Florida
Department of Neuroscience
University of Florida

J. Crayton Pruitt Family
Department of Biomedical Engineering
University of Florida
Department of Neurology
University of Florida

5 McKnight Brain Institute
University of Florida

Abstract. While Temporal Lobe Epilepsy (TLE) has been treatable with anti-
seizure medications over the past century, there still remain a large percentage of
patients whose seizures remain untreatable pharmacologically. To better understand
and treat TLE, our laboratory has used multiple connectivity-based paradigms to
understand epileptigenesis, the transition between a normal health brain and an
abnormal spontaneously seizing brain. We will demonstrate the various approaches
taken to better understand the epileptigenic and seizure dynamics of a spontaneous
animal model of TLE. First, gross anatomical changes within the hippocampus have
been explored over epileptigenesis using magnetic resonance imaging. Second, fiber
track imaging is used to resolve changes in axonal outgrowth during epileptigenesis.
Finally, we have used Granger Causality to study dynamic connectivity at the
synaptic level in vivo over the time course of seizure. These various approaches will
be combined to better understand the process of limbic epileptogenesis and where
and how to intervene to possibly prevent impeding seizure with targeted delivery
of electronic or pharmacological therapy.

email: carnepr@peds.ufl.edu
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Data Mining for Anomaly Detection

Phillip Chan *

Department of Computer Sciences
Florida Institute of Technology
Melbourne, FL 32901

Abstract. Anomaly detection has the potential to detect novel events, however,
keeping the false alarm rate low is a challenging task. We discuss some data mining
methods that can generate models of normalcy and detect anomalies. Particularly,
we describe data mining algorithms for feature-vector data, time-series data, and
spatio-temporal data. We will present results in applications such as intrusion de-
tection, space shuttle monitoring, and mobile device monitoring.

*

email: pkc@Qcs.fit.edu



Iron Imaging and Analysis in
Neurodegenerative Diseases

Mark Davidson! *, Joanna F. Collingwood? **,
Saurav Chandra!, Albina Mikhaylova!, Thomas Eskin?,
Jon Dobson?, John Forder!, and Christopher Batich®

! Material Science & Engineering Department
University of Florida,
Gainesville, FL, USA,
2 Keele University,
Stoke On Trent,
United Kingdom

Abstract. It has been shown in numerous studies that iron chemistry is disrupted
in association with a number of neurodegenerative diseases such as Alzheimer’s,
Parkinson’s and Huntington’s diseases. Dobson, et. Al. as well as others have shown
that some of the iron compounds formed in association with some of these diseases
are magnetic minerals such as magnetite. However, these early studies were ex-
tractive studies which did not reveal the location of the particle in association
with the tissue or pathology. In the past, there have been studies performed using
conventional histological staining techniques, however, we have shown that these
techniques can change the oxidation state of the iron present or be insensitive to
some chemical states of iron. We have developed a unique set of protocols that
allows for the analysis of the iron compounds present within the tissue using a
powerful synchrotron x-ray source in such a way that preserves the iron chemistry
and the tissue structure. The high-intensity, focusable x-ray source allows localiza-
tion of widely dispersed particles within tissue sections. In addition, the tunability
of the x-ray source energy allows x-ray energy spectroscopy to be performed on
each particle found, providing chemical state and crystal structure information.
We are now correlating the information thus learned with MRI image and spectro-
scopic data to develop techniques that may be useful in early objective diagnosis
of Alzheimer’s disease. The data generated involves multiple levels of spectroscopic
data associated with image pixels (or voxels in the case of the MRI). This leads to
many new data processing challenges and some new opportunities for data mining
that may lead to new results in the study of neurodegenerative disease.

* email: mark@microfab.ufl.edu

** email: j.f.collingwood@pmed.keele.ac.uk



Neural Oscillations: Characterization and
Function

MingZhou Ding *

J. Crayton Pruitt Family Department of Biomedical Engineering
University of Florida
Gainesville FL, 32611

Abstract. Oscillatory neural activity is ubiquitous in the nervous system. Despite
many years of effort, its precise role in cognitive processing remains not clear. In
this talk I will describe some results from recent memory and sensory perception
experiments which shed light on the functional role of neural oscillations.

* email: mingzhou.ding@bme.ufl.edu



Classification of Normal and Abnormal EEG
Signals Using K-Nearest Neighbor Rule in
Support Feature Machine

Ya-Ju Fan', W. Art Chaovalitwongse' *, Leonidas D. Iasemidis?,
and Rajesh C. Sachdeo!

! Rutgers University
599 Taylor Rd.
Piscataway, NJ 08854
2 Department of Electrical Engineering
Arizona State University, Tempe AZ 85257, United States

Abstract. Electroencephalogram (EEG) signals are the standard data format ob-
tained from electrodes placed at human brain for evaluating neurophysiological
functions. This study is to identify normal and epilepsy patients using EEG signals
of those patients. Dynamical information of EEG signals at first step is extracted
into a form of STLmax profiles (time series). Using the STLmax time series, Sup-
port Feature Machine (SFM) optimizes electrode combination that provides best
classification results, most separation between two group of EEGs. A k-nearest
neighbor (KNN) rule is applied in SFM to gain better classification performance.
The results suggest that the proposed framework can be used as a computerized,
automated brain diagnosis tool.

* email: wchaoval@rci.rutgers.edu



Biomodecule-inspired methods for coarse-grain
multi-system optimization

Max Garzon *

Computer Science
The University of Memphis
Memphis, TN 38152

Abstract. A major goal in multi-objective optimization is to strike a compromise
among various objective functions subject to diverse sets of conflicting constraints.
It is a reality, however, that we must face optimization of systems in which multi-
ple objectives make it nearly impossible to formulate these objective functions and
constraints in the required form. We present an approach to this type of problems
using simulations techniques that have been or are being inspired by biomolecules
in order to afford a more comprehensive and integrated understanding of complex
chains of local interactions that affect an entire system, such as the chemical in-
teraction of biomolecules in vitro, a mammalian brain, or a living cell. We briefly
describe a system of this type, Edna (a high-fidelity simulation of chemical reactions
in a test tube), that can be used to understand large neural networks, and virtual
cell projects (models of the living cell in silico). With these prototype in hand,
we explore three basic principles critical to the successful development of robust
synthetic models of these complex systems: physical-chemical optimization; compu-
tational optimization, and biological optimization. We conclude with evidence for
and discussion of the emerging hypothesis that multi-system optimization problems
can indeed be solved, but only approximately, by so-called coarsely optimal models
of the type discussed above, in the context of a biomolecule-based asynchronous
model of the human brain.

* email: mgarzon@memphis.edu



Seizure monitoring and alert system for brain
monitoring in an intensive care unit

Alla Kammerdiner! *, J. Chris Sackellares? **, Deng-Shan Shiau?
*** and Panos Pardalos®

! Department of Industrial and Systems Engineering
University of Florida
Gainesville,FL. 32611

2 Optima Neuroscience, Inc.,
Gainesville, FL 32601, USA

Abstract. Although monitoring for most organ systems is commonly used in in-
tensive care units (ICU), brain function monitoring relies almost exclusively upon
bedside clinical observations. As a result, a large number of non-convulsive seizures
go undiagnosed every day. Recent clinical studies have demonstrated the clinical
utility of continuous EEG monitoring in ICU settings. Continuous EEG is a well-
established tool for detecting non-convulsive seizures, cerebral ischemia, cerebral
hypoxia, and other reversible brain disturbances in the ICU. However, the utility of
EEG monitoring currently depends on the availability of expert medical profession-
als, and interpretation is labor intensive. Such experts are available only in tertiary
care centers. We have designed a seizure monitoring and alert system (SMAS) that
utilizes a seizure susceptibility index (SSI) and seizure detection algorithms based
on measures that characterize the spatiotemporal dynamical properties of the EEG
signal. The SMAS allows distinguishing the organized seizure patterns from more
irregular and less organized background EEG activity. The algorithms and initial
results in human long-term EEG recordings are described.

Keywords: EEG, seizure monitoring and alert system (SMAS), seizure suscepti-
bility index (SSI)
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** email: jc_sackellares@msn.com
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Parametric modeling approach to optical
imaging data finds close input output relation
between the central neuronal activity and the
respiratory motor output in the neonatal rat

brainstem

Shigeharu Kawai! *, Yoshitaka Oku? **, Yasumasa Okada® ***,
Fumikazu Miwakeichi* T, Makio Ishiguro® ¥, and
Yoshiyasu Tamura®

! The Graduate University for Advanced Studies
4-6-7 Minamiazabu

Minato-ku Tokyo, 106-8569

Japan

Hyogo College of Medicine

Department of Medicine, Keio University
Chiba University

5 The Institute of Statistical Mathematics
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Abstract. An advantage of optical imaging is the ability to simultaneously record
multiple neuronal activities. However, it requires a sophisticated counterpart to an-
alyze large-scale time series data. In respiratory neuronal activities, two respiratory-
related brainstem regions, the parafacial respiratory group (pFRG) and the preBtzinger
complex (PreBtC), have been recently identified by physiological experiments. How-
ever, the dynamical interaction between the two regions and the dynamical process
to form the respiratory motor output remain unanswered. Here we show that the
application of a parametric model to optical time series data successfully charac-
terizes spatiotemporal neuronal activities associated with the central respiratory
pattern formation. We recorded respiratory-related optical signals from the ventral
surface of the rat brainstem in vitro using a voltage-sensitive dye. In our previous
analysis using the cross correlation method, we showed that pixels with a greater
dead time were distributed rostrally in P0O-P1 rats, whereas such distribution was
not observed in older rats (Oku et al., 2007). In the present study, we aimed to
provide more detailed information as to dynamic characteristics of neuronal activ-
ities. We considered a parametric model assuming the respiratory motor output as
the output and optical signals of each pixel as the input. The model consisted of a
sigmoid function and a [first-order delay + dead time] transfer function to express
the non-linear relationship between the respiratory motor output and an optical
signal. We classified each pixel into five types based on three parameter values of
the gain(K) ,the dead time(L) and the estimation error ratio(R) as follows: Type-1:
R is not large, L is large, and K is not large Type-2: R and L are small, and K is
not large Type-3: R is medium, L is small, and K is not large Type-4: R is large,
L is small, and K is not large Type-5: K is large, or R and L are large. Based on
this classification, we characterized neuronal respiratory activities in the ventral
brainstem of PO-P1 rats. When the respiratory motor output variation had a single
peak, the above classification was applicable as it was. There were many type-2
pixels concentrated in the PreBtC region. Type-1 pixels were in the pFRG region,
whose appearance probability was smaller than that of type-2 pixel in the PreBtC

Keywords: Optical imaging data, Respiratory neuronal network, Neonate, Para-
metric model, Akaike Information Criterion
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region. For these cases, the respiratory motor output could be estimated by optical
imaging data of a single type-2 pixel. When the number of peaks was two, there
was a specific set of pixels by which the respiratory motor output could be esti-
mated for the whole period of respiration. When the number of peaks was more
than three, the respiratory motor output could not be estimated by a specific set of
pixels. However, dividing the respiratory period into a number of ranges and com-
puting the model parameters for each range, it could be estimated by a weighted
sum of estimated values using selected type-2 pixels. The number of pixels selected
and the number of ranges divided were decided by Akaike Information Criterion.
In summary, if we estimate the respiratory motor output from the optical imaging
time series data, then the result of estimation is a reflection of respiratory neuronal
characteristics, or even a reflection of mechanisms of the central respiratory pat-
tern formation. We conclude that our parametric modeling approach is a powerful
technique to characterize optical imaging data.



Do individual differences in cortical anatomy
affect cognition?

Christiana M. Leonard *

University of Florida
Department of Neuroscience

Abstract. Human brains are functionally asymmetric. The left hemisphere ap-
pears to be a digital processor, specialized for processing rapid discreet stimuli,
while the right hemisphere operates in a slower analog mode. These functional
differences are mirrored in structural differences between the left and right hemi-
sphere. The temporal lobe is relatively expanded in the left hemisphere of most
people while the parietal lobe is expanded on the right. Cognitive impairments
such as dyslexia can be associated with extreme asymmetries while more severe
language disorders are more likely to be associated with a reduction in asymmetry.
New automated techniques for examining brain structure now make it possible to
examine the extent to which individual variation in brain structure may influence
cognitive style and strategy.

* email: leonard@mbi.ufl.edu



Age-Related Changes in Dynamics of
Spike-Wave Discharges in Rats

Sandeep Nair! *, Deng-Shan Shiau? **, Chris Sackellares? ***,
and Kevin M. Kelly!3 |

Allegheny Singer Research Institute

940 S. Tower, Allegheny General Hospital
320 E. North Ave.

Pittsburgh, PA 15212

Neuroscience, Inc.

Gainesville, FL. 32601, USA

Drexel University

College of Medicine

Abstract. Several studies with animal models of aging, including studies in our
laboratory (Kelly et al, 2001), have shown an age-related increase in the incidence
and duration of 7-9 Hz generalized spike-wave discharges (SWDs; absence seizures)
as the animal ages. In an effort to elucidate the mechanisms underlying aging-
related changes in the expression of SWDs, we studied the dynamical electroen-
cephalographic (EEG) properties associated with spontaneously occurring SWDs
in young (4 month) and aged (20 month) Fischer 344 rats. The short term maximum
Lyapunov exponent (STLmax), a measure of chaoticity, was utilized to extract a
dynamical profile of the EEG signal. A statistical comparison of preictal dynami-
cal values (2 min before a SWD) showed no significant difference between the two
age groups in STLmax (p=0.18). However, the same statistical test performed on
postictal dynamical values (2 min after a SWD) revealed a significant difference be-
tween the two groups in STLmax (p=0.009). A comparison of the difference between
average preictal and postictal dynamical values suggested that brain fesettingto its
normal interictal state was more effective in the 4 month cohort compared to the
20 month cohort by STLmax (p=0.007) values. These preliminary results suggest
that brain recovery following SWDs was more sustained in young adult animals
compared to aged animals. Supported by a Targeted Research Initiative for Seniors
grant from the Epilepsy Foundation to S Nair. asks between human operator(s)
and a computer.
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Phase Response Curves and Epilepsy

Theoden Netoff *

University of Minnesota
312 Church St. SE
Minneapolis, MN 55455

Abstract. Neurons use homeostatic mechanisms to maintain the proper balance of
activity in the brain. However, under extreme conditions that induce seizures, and
following a seizure, those mechanisms may not result in the desired stabilization of
network activity. I will present a case where changes in density of the Ih channel
can decrease synaptic excitability but increase network synchrony. This paradoxical
result could lead a normal homeostatic response to result in seizures by enhancing
the synchrony of the excitatory neurons.

Keywords: Cognitive modeling, P300, ERP, Queueing Network, Optimization,
Human Factors
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Continuous Physiological Monitoring in TBI
Patients and their Correlation to Biomarker
Values

Monica Oli *; Kevin K. W. Wang, Ronald L. Hayes, and Gillian
Robinson

Banyan Biomarkers, Inc.,
12085 Research Drive,
Alachua, FL32615

Abstract. A key component of our TBI study is the continuous and automatic
capture of patient physiological monitoring data from the bedside monitors. The
purpose of the continuous monitoring is to better define and quantify periods of
secondary insults that can then be correlated to changes in biomarker levels. Man-
agement of traumatic brain injury is performed by a group of neurointensivists
and utilizes a therapeutic algorithm based on the guidelines for the management
of severe TBI recently published in the Journal of Neurotrauma (2007). Continu-
ous monitoring of eight physiologic parameters was performed with a custom made
multi-channel digital recording system 1. Mean arterial blood pressure (MABP); 2.
Intracranial pressure (ICP);3. Brain tissue oxygenation (PbO2 recorded using the
Integra Licox); 4. Brain temperature (recorded using the Integra Licox); 5. Jugular
venous oxygenation (SjvO2); 6. Core body temperature; 7. End tidal CO2; and
8. Heart rate. Additionally, cerebral perfusion pressure (CPP) was calculated as
MABP less ICP. We programmed the MMM to collect data every 10-60 seconds.
Quantification of secondary insult was performed with the following method: after
elimination of spurious values, the median of the first 1 minute measurements (6
measurements of 10 sec interval) was calculated. Then the mean of the 1 minute
values was calculated for 5 minute increments. These data were then analyzed
in 6 h intervals (according to biofluid collection schedule) for time and amount of
secondary insults. The remaining physiological parameters, radiological studies and
therapeutic interventions were recorded as clinically indicated, with a frequency not
higher than ever one hour and are currently evaluated for their influence on the
patient and the biomarker levels.

Statistical analysis of this large amount of data is hampered by a number of inter-
ferences caused by the patient’s treatment and the monitoring device. Data have
to be rigorously analyzed for non-physiological values and other erroneous data.

* email: moli@banyanbio.com



Mining the Injured Neuroproteome at the
Molecular and Functional Level

Andrew K. Ottens *

University of Florida
Department of Psychiatry
Gainesville, FL 32611

Abstract. The pursuit of neurotrauma biomarkers has spurred the use of pro-
teomics to characterize biochemical changes in injured brain. Neurotrauma is a lead-
ing cause of death and disability in America, particularly among the young prone
to traumatic injuries and the elderly prone to stroke. Rapid, repeatable biomarker
assays would thereby improve neurotrauma patient care. We present novel findings
employing the mining of the neurotrauma proteome with correlation of dynamics
with altered cellular processes. In this experiment, we compare uninjured (con-
trol) to injured cortex regions harvested 48 hours post reperfusion using a middle
cerebral arterial occlusion rat model of brain ischemia, in a similar fashion to our
previously published TBI neuroproteomic study. In all, 78 proteins were identified
with a prominent change in abundance 48 hours post-ischemia / reperfusion injury
compared with 59 at 48 hours following severe traumatic injury to the same cortical
region. The majority (54) decreased in abundance while of those that increased (24)
ten appeared as proteolytic fragments. All proteins were confirmed by correlating
quantitative protein and peptide data, demonstrating an increased or decreased
differential abundance. The data include minimal false-positive identifications as
validated by immunochemical assays (on proteins with available antibodies). Im-
portantly, the functional significance of the altered protein population was depen-
dent on ischemic injury severity, and with some differences between modalities. In
all, mining of the neuroproteome data revealed a mixed story of cell survival versus
cell death processes. The varied nature of the neurotrauma biochemistry strikingly
emphasized the importance of developing multiple biomarkers into assay panels.

Keywords: Neurotrauma, Proteomics, Protein Mining, Pathway mining, brain
ischemia
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Reproducing Kernel Hilbert Spaces for Spike
Train Analysis

Anténio R. C. Paiva, Il Park, and José C. Principe *

Department of Electrical and Computer Engineering
University of Florida
Gainesville FL 32611

Abstract. This paper introduces a generalized cross-correlation (GCC) measure
for spike train analysis derived from reproducing kernel Hilbert spaces (RKHS)
theory. An estimator for GCC is derived that does not depend on binning or a
specific kernel and it operates directly and efficiently on spike times. For instanta-
neous analysis as required for real-time use, an instantaneous estimator is proposed
and proved to yield the GCC on average. We present experiments illustrating the
usefulness of the RKHS approach.
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Co-adaptive brain-machine interfaces via
reinforcement learning

Justin Sanchez'*, José C. Principe?**, Jack DiGiovanna***, and
Babak Mahmoudi'

! Division of Pediatric Neurology
University of Florida
Gainesville, FL. 32610
2 Department of Electrical and Computer Engineering
University of Florida
Gainesville FL 32611

Abstract. Closed-loop neural interfaces are one of the most exciting emerging
technologies to impact biomedical research, human health, and rehabilitation. By
combining engineering and neurophysiologic knowledge into bio-interactive brain-
machine interfaces (BMI), a new generation of medical devices is being developed
to functionally link large ensembles of neurons in the central nervous system (CNS)
directly with man-made systems. These neuroprostheses open new avenues to re-
store communication and control in the disabled while at the same time enables the
study of sensori-motor function in goal directed behavior. While many studies have
shown the feasibility of BMIs, the experimental and decoding frameworks used are
ill prepared for the availability and complexity of signals acquired in the clinical
setting. The goal of this work is to develop and test in vivo a new neural interface
framework where the decoding algorithm is autonomous and includes the assistance
of a computational agent (CA). Here, both the user and CA have to agree and dis-
cover how to accomplish a reaching task using a robotic arm. Using principles of
reinforcement learning (RL) the user and CA must work together to maximize
the cumulative return of rewards for a given task. The principles of neural control
are learned by both the user and CA through experience and interaction with the
environment. We hypothesize that this method of co-adaptive shaping using RL
to achieve brain control of a prosthetic enables the development of complex tasks
while reducing the ”learning curve” for patients using a BMI. In particular, this
paradigm also offers a way to continuously study the changes in neural response
to co-adaptive motor control of a BMI and how the ultimate accumulation of re-
wards leading to the goal drives the learning process. The proposed experiments
will provide new knowledge of the cortical activation involved in motor BMIs and
will validate new decoding models.

Keywords: Reinforcement Learning, Co-Adaptation, Brain-Machine Interface,
Neuroprosthetics
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Testing an Seizure Prediction Algorithm:
Assessment of Performance

Deng-Shan Shiau * and Chris Sackellares **

Optima Neuroscience, Inc.,
Gainesville, FL 32601, USA

Abstract. Seizure prediction research to date has focused on discovering and defin-
ing measurable changes in the EEG preceding seizure onset and developing and test-
ing automated algorithms based on these measures to detect pre-seizure changes.
Translation of this research into useful clinical tools will depend upon establish-
ment of performance standards for specific clinical applications and the design of
experimental protocols and statistical methods that will answer clinically-driven
hypotheses. These hypotheses should be formulated according to the intended use
of the prediction algorithm and, more importantly, a well defined “effectiveness” of
an algorithm. Design of the study should also be well justified statistically so that
the probability of making a false conclusion, either false “rejection” (i.e., type I er-
ror) or false “fail to reject” (i.e., type II error), is small. In addition, assessment of a
prediction algorithm can be from different aspects and hypotheses. Fail to reject a
specific null hypothesis does not mean that the test algorithm is totally ineffective.
Assessment with different design and hypothesis could reveal its usefulness.

Keywords: Seizure Prediction, Statistical Assessment, Sensitivity, False Predic-
tion rate
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Use of stem cells in Alzheimer’s disease

Kiminobu Sugaya

Biomolecular Sciences Center
College of Medicine
University of Central Florida
Orland, FL

Abstract. We have found much evidence that the brain is capable of regenerating
neurons after maturation. In our previous study, human neural stem cells (HNSCs)
transplanted into aged rat brains differentiated into neural cells and significantly
improved the cognitive functions of the animals, indicating that HNSCs may be a
promising candidate for cell-replacement therapies for neurodegenerative diseases
including Alzheimer’s disease (AD). However, ethical and practical issues associ-
ated with HNSCs compel us to explore alternative strategies. Here, we report novel
technologies to differentiate adult human mesenchymal stem cells, a subset of stro-
mal cells in the bone marrow, into neural cells by modifying DNA methylation
or over expression of nanog, a homeobox gene expressed in embryonic stem cells.
We also report peripheral administrations of a pyrimidine derivative that increases
endogenous stem cell proliferation improves cognitive function of the aged animal.
Although these results may promise a bright future for clinical applications of stem
cell strategies in AD therapy, we must acknowledge the complexity of AD. We found
glial differentiation of stem cells transplanted into amyloid- precursor protein (APP)
transgenic mice. We also found that over expression of APP gene or recombinant
APP treatment causes glial differentiation of stem cells. Although RNA interfer-
ence of APP or glial differentiation signaling cascade genes significantly reduced
glial differentiation of stem cells, further detailed mechanistic studies are required
because of a risk of shutting down signaling cascade, which may be important to
regulate physiological function of stem cells. Importance of adult neurogenesis is
not clear, however premature glial differentiation of HNSCs may harm maintenance
of normal brain function and may contribute to the pathophysiology of AD. Also,
successful neuroplacement therapy for AD may depend on a management of APP
level in the optimal range for neuronal differentiation of HNSCs. We found treat-
ment with (+)-phenserine, reduced APP protein and active astrocytes in the brain
of APP23 mice. HNSCs transplanted into the (+)-phenserine treated APP23 mice
migrated and differentiated into neurons. These results indicate that regulation of
APP level may prevent astrocytosis under AD pathology and may be essential for
the stem cell therapy for this disease.

Supported by NIH (RO1AG 23472) and Alzheimer Association (IIRG-03-5577).



Failing Feedback as a Mechanism to Generate
Epileptic Seizures

Kostas Tsakalis *

Department of Electrical Engineering
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Abstract. Simulation models of coupled neural populations with varying parame-
ters have been used as tools to understand the basic mechanisms that can produce
epileptic seizures and derive possible algorithms for their prediction. Here, inter-
ested in developing feedback control methods to suppress seizures, we study such
models by allowing the variation of both model parameters and functional char-
acteristics. We observe that if we consider a high level feedback, then epileptic
seizures can be produced by failures in this feedback. Such feedback is motivated
as a functional model achieving homeostasis in various quantities like firing rate
or neural output correlation. This mechanism is a consequence of the functional
behavior of the populations rather than a generic connectivity property. Neverthe-
less, it is a general mechanism in that the same principle can generate seizures in
different types of models of neural populations, cortical neural populations with
inhibitory-excitatory inputs, or even networks of coupled chaotic oscillators.
Transitions to epileptic seizures with the pathological feedback mechanism agree
with experimental observations of increased synchronization. It is of particular in-
terest here that the simulation models also indicate that a potential seizure suppres-
sion strategy is through feedback decoupling. This may be achieved by a variety of
stimulation signals, some of which have been used in practice (e.g., biphasic pulses)
and others that are new (e.g., diffusive coupling based feedback). However, both
the simulation models and preliminary experimental data indicate that it is likely
that multiple stimulation points will be required, making the computation of the
feedback signals and their implementation a very challenging problem.
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Does the brain exhibit any dynamic
approximation capabilities in learning and
pattern recognition?

Evangelia Micheli-Tzanakou *

Dept. of Biomedical Engineering
Rutgers University
Piscataway NJ, 08854

Abstract. A biofeedback computer-based ALOPEX system was designed to present
all visual stimuli and record pattern VEP’s in real-time. Such a system would allow

VEP response trends to direct the generation of more effective visual stimuli and the

so generated could then be analyzed quantitatively, without a-priori knowledge of
their information content. VEP parameters which change in relation to changes in

image content were identified by modeling an ALOPEX pattern convergence, offline,

and utilizing the resulting images as VEP stimuli in ten healthy subjects. Another

set of experiments involved real-time ALOPEX stimulus/response biofeedback op-

timization of these VEP biofeedback response parameters. After identification of
appropriate VEP stimulus/response biofeedback parameters, real-time ALOPEX

experiments were performed. In some cases, VEP amplitudes were improved by 100

percent. Comparisons were made between images which elicited low VEP response

amplitudes and images which produced strong responses. Quantitative image anal-

ysis revealed that VEP response trends were strongly correlated with global image

contrast (p < 0.01), image entropy (p < 0.01), and two-dimensional spatial fre-

quency. Spatial frequency tuning curves for the pattern sets used were computed,

based on a novel ALOPEX black-box solution technique, developed for data anal-

ysis.

* email: etzanako@rci.rutgers.edu



Unverricht-Lundborg Disease: Challenges in
treatment and outcome measures

Basim Uthman'? *, Chang-Chia Liu® **, Mike Bewernitz3 ***,
and Petros Xanthopoulos?* T

Neurology Services, North Florida/South Georgia Veterans Health System,
Gainesville, FL., 32608 USA.
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Department of Industrial & Systems Engineering, University of Florida,
Gainesville, FL 32611, USA

Abstract. Unverricht Lundborg Disease (ULD) is the most common type of pro-
gressive myoclonus epilepsy (PME), a rare seizure disease. ULD is typically diag-
nosed in children between the ages of six and 15 years who display the following
clinical features: 1) involuntary, action-activated myoclonic jerks, 2) generalized
tonic-clonic seizures, 3) exacerbation of neurodegenerative symptoms (myoclonus
and ataxia) over time, 5) Abnormal EEG, 6) elevated SSEPs, and 7) thalamocor-
tical hyperreactivity in the sensorimotor system. Electroencephalogram (EEG) is
always abnormal in ULD patients, even before the symptoms appear; background
activity is labile and usually slower than normal. Symmetric, generalized, and high-
voltage spike-and-wave and polyspike-and-wave paroxysms are characteristic, and
marked photosensitivity is the most prominent feature. Magnetic resonance images
of the brain in ULD patients typically appear normal. Myoclonus is most debilitat-
ing in ULD patients and is very frequent occurring up to hundreds of jerks hourly.
As the disease progresses, ataxia and decline in communication, swallowing and
higher cortical functions compound more disability in ULD patients. Antiepileptic
drugs (ADEs) are the mainstay treatment for ULD, although there are no clinical
trials to support one particular drug over another. The rarity of ULD and the high
frequency of myoclonus are major challenges to conduct controlled prospective clin-
ical trials. A comprehensive measure of treatment efficacy supplementing clinical
observations and patients’ reports is desired. Innovative methods of quantitative
EEG analysis as a surrogate measure for treatment efficacy will be discussed.
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Optimization in the Brain? -Modeling Brain
Activation Patterns and Human Behavior with
Queuing Network and Reinforcement Learning

Algorithms

Changxu Wu *

SUNY-Buffalo
Buffalo,NY 14260

Abstract. Neuroscience and behavioral research found several interesting brain
activation and behavioral patterns in a visual-motor task: during the extensive
practice process of a visual-motor task, fewer brain areas got involved but faster
motor movement and lower variability were observed; after the visual-motor task
is well learned, with an increase of the complexity of stimuli, more brain areas
were recruited. This interesting ”optimization” phenomenon in the human brain
has not been covered by many existing computational models. The current work
proposed a queuing network architecture of human brain and used reinforcement
learning algorithms to optimize the routes of entities (information) traveling in the
network, producing simulation results which are consistent with these findings in
neuroscience and behavioral research. Future research of modeling human brain
with queueing network and reinforcement learning algorithms is also discussed.

Keywords: Queueing Network, Optimization, Reinforcement Learning, Visual-
motor Task
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