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Abstract

Biological networks have been handled with the static concept. However, life phenomena in cells occur de-
pending on the cellular state and the external environment, and only a few proteins and their interactions
are selectively activated, Therefore, we should adopt the dynamic network concept that the structure of a bi-
ological network varies along the flow of time, This concept is effective to analyze the progressive transition
of the disease, In this paper, we applied the proposed method to Alzheimer's disease to analyze the struc-
tural and functional characteristics of the disease network, Using gene expression data and protein-protein
interaction data, we constructed the sub-networks in accordance with the progress of disease (normal, early,
middle and late). Based on this, we analyzed structural properties of the network, Furthermore, we found
module structures in the network to analyze the functional properties of the sub-networks using the gene
ontology analysis (GO). As a result, it was shown that the functional characteristics of the dynamics network
is well compatible with the stage of the disease which shows that it can be used to describe important bio-
logical events of the disease. Via the proposed approach, it is possible to observe the molecular network
change involved in the disease progression which is not generally investigated, and to understand the patho-
genesis and progression mechanism of the disease at a molecular level.
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Table 1, Characteristics of AD—spec1f1c sub-networks

Characteristics early middle severe

number of nodes 1312 1217 875
number of links 2790 2618 1613
network heterogeneity 1.408 1.432 1.434
network centralization 0.052 0.056 0.061
clustering coefficient 0.063 0.064 0.049
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Table 2. GO enrichment analysis for 10 modules

Module GO terms

RNA metabolic process (GO:0016070)
1 regulation of RNA metabolic process (GO:0051252)
nucleic acid metabolic process (GO:0090304)

cellular  nitrogen  compound  metabolic  process
(GO:0034641)

2 nucleobase-containing  compound — metabolic  process
(GO:0006139)

heterocycle metabolic process (GO:0046483)
mRNA metabolic process (GO:0016071)
cellular metabolic process (GO:0044237)
cellular  nitrogen
(GO:0034641)

compound  metabolic  process

response to stimulus (GO:0050896)
4 cellular response to stimulus (GO:0051716)
response to organic substance (GO:0010033)

immune system process (GO:0002376)

wn

regulation of immune system process (GO:0002682)
regulation of immune response (GO:0050776)

extracellular matrix organization (GO:0030198)
6 extracellular structure organization (GO:0043062)
extracellular matrix disassembly (GO:0022617)

nervous system development (GO:0007399)
7 system development (GO:0048731)
neuron development (GO:0048666)

programmed cell death (GO:0012501)
8 cell death (GO:0008219)
death (GO:0016265)

small GTPase mediated signal transduction (GO:0007264)
9 Ras protein signal transduction (GO:0007265)
intracellular signal transduction (GO:0035556)

vesicle-mediated transport (GO:0016192)
10 transport (GO:0006810)
protein transport (GO:0015031)
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Table 3. GO enrichment analysis for common nodes between

the two stages

Modules Number of GO terms
common nodes
1 213 metabolic process
mRNA processin,

2 18 RNA pprocessingg,
3 201 catabolic process
4 156 signaling
5 53 response to stimulus
6 43 organization
7 94 localization
8 89 apoptotic process
9 56 signal transduction
10 68 transport
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Table 4. GO enrichment analysis on the nodes which are active
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