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ABSTRACT
This paper presents a novel tissue proliferation model of
extraneuronal filaceous material consisting of accumulation
of the amyloid beta-proteins. Proposed model is constructed
using a 3-D Gaussian Hidden Markov Random Field
obtained from fluorescent microscopy measurements.
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1 INTRODUCTION

The neurodegenerative diseases, such as Alzheimer,
BSE (Bovine Spongiform Encephalopathy), CJD
(Creutzfeldt-Jakob Disease) and vCJD (variant of
Creutzfeldt-Jakob) [4], are disorders of a great socio-
agricultural significance as seen in many WHO
testimonials. These diseases are characterised by an
accumulation of the extraneuronal filaceous material
consisting of amyloid beta-proteins [1][5][6][7]. The
structurally modified protein izoform (prion) is reduplicated
into surrounding proteins (S. B. Prusiner). The spatial
characteristic form of the disordered protein plaque is
observed as the so-called florid plaque in the vCJD.

The study presented in this paper is an integral part of
the scientific research program concerning the investigation
into the cerebral amyloidoses pathology by ultrastructural
and image analysis techniques [8][9][10][11]. It is foreseen
that the results will make it possible to recognize the
plaque’s nature and the disease’s evolution progress. The
previous study has been focused on the 3-D florid plaque
reconstruction using some serial sections of the human
hipocamp sliced by a microtome and observed using a TME
(Transmission  Electron  Microscope). The overall
description of the 3-D object reconstruction using the
photographed specimen slices has been presented in papers
[81(9][10].

In this article, the 3-D acquired data (512x512x13
voxels) from a fluorescent microscope has been used to
build a statistical model of plaque construction using
GHMRF (Gaussian Hidden Markov Random Field), see
Figure 1. The model permits reconstructions of the
hypothetical tissue proliferation in space and time.
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Figure 1 Application of a GHMRF model to 3-D tissue
representation of protein plaques. The picture has been
presented in [11].

2 THE PLAQUE MODEL

The plaque model in a vCJD has been prepared using a
GHMRF in the 3-D space, where the cliques are
constructed in a 6-neighbourhood system (see Figure 1).
Internal relations are described by a hidden Markov
Random Field (MRF) in a finite 6-state space with a Gibbs
probability distribution. An observed random finite field is
defined in the 256 states finite domain and generated by
the MRF by the emission probability function.

The values of the hidden random field of the analyzed
tissue (Figure 2a) are estimated using Iterated Conditional
Modes (ICM)[1] and expectation-maximization (EM)
algorithm [2]. The estimated MRF has been presented in
Figure 2b. The accumulation of the extraneuronal filaceous
material is not a reversible process; therefore, the MRF
state flow can be represented by a unidirectional graph,
where states 02 and 3+5 are associated with the regular
tissue and plaque, respectively.

The obtained information about the probability of
appearance of a given state for the given neighborhood
states (pix,...) can be used for generation of a plaque
hypothetical shape beyond the fluorescent microscope
penetration depth (Figure 3).

Most of the information about the protein izoform
reduplication can be obtained from the input image and
simple MRF analysis:
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Figure 2 a) The image of a vCJD tissue prepared PrP obtained from a fluorescent microscope. b) GHMRF model of the vCID
tissue obtained using ICM and EM algorithms for the estimation of a 3-D GHMREF (0,1- regular tissue, 2-5 tissue containing
PrP markers). ¢) The tissue degeneration graph deduced using estimated GHMRF. d) Several examples of the appearance
boundary probability p;; , where i is the number of neighboring elements in the j-state.
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Figure 3 Hypothetical shape of a plaque generated using estimated MRF and the state appearance probability.
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Figure 4 Proposed model of the tissue proliferation. The state transition probability is defined for given neighborhoods state.

Iteration #50
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Iteration #150

Figure 5 Examples of the proliferation of an amyloid plaque from Figure 2b using model in Figure 4 for n=100.
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Iteration #200

Figure 6 The 3-D visualization of plaque.

1) The appearance probability of given state for given
neighborhood states (p2_sjixs/P2sspxs,---) can be used
for the estimation of the final transition probability
Pa.emc, Where A= B describes transition from the
stage A to B, mxC describe the number of
neighborhoods in the C state. It can be observed
that in the majority of cases the final probability is
proportional to the number of neighborhood
elements with higher accumulated extraneuronal
filaceous material.

2) Only probabilities pmc>0.001 are included in
Figure 2c; therefore, it can be observed that most of
the transitions can be omitted because of their low
probability.

3) The ratios of the probabilities (pz_six/Pssaiixes
P3_4p1xa/Pass1xs) can be estimated from the slope of the
emitted random field and the ratio of the equivalent
lengths of the radii R3, R4, R5 (Figure 2b). It will
be assumed that p,_z1xs~Ps_ 4j1x3~Pa_5/1x5-

4) The proliferation speed cannot be estimated
directly; therefore, an additional parameter n is
introduced to describe this phenomenon.

3 SUMMARY

The proliferation model based of the accumulation of
the extraneuronal filaceous material obtained from
empirical data has been presented (Figure 4). The main
advantage of proposed approach is a possibility of
conducting a hypothetical proliferation analysis of the
neurodegenerative diseases (Figure 5,Figure 6).

Future research should also take into consideration
experimental analysis of the proliferation in stages 0 and 1
as well as more accurate modeling of the plaque germ
formation and experimental estimation of the proliferation
speed.
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