PPINetworkAnalyzer: Revealing the Relationships of Disease Proteins
based on Network Analysis Measurements
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ABSTRACT: We made a stepping stone for asthma study
by analyzing an asthma-specific protein-protein interaction
network. It follows the power-law degree distribution and
its hub nodes and skeleton frame of the network agreed with
the prior knowledge about asthma pathway. This study is
providing a systematic approach to analyze the complex
effect of genes or to represent the frame of their relations
associated with specific disease.

1 INTRODUCION

Asthma is a major and increasing global health problem and,
despite major advances in therapy, many patients’
symptoms are not adequately controlled. It is characterized
by specific pattern of inflammation in the airway mucosa,
and involves the infiltration of eosinophils, increased
numbers of Ty2 cells relative to Tyl cells, and increased
numbers of activated mast cells. In addition, there are
characteristic structural changes to the airways, some of
which might even precede the development of the diseases.
These changes include subepithelial fibrosis, airway smooth
muscle hypertrophy and hyperplasia, angiogenesis and
increased mucus secretory cells. Neural mechanisms are
also important in asthma, such as the sensitization of
sensory nerve endings in the airways and reflex effects on
airway tone. Asthma is a highly complex disease that
involves many inflammatory cells, mediators and
inflammatory proteins [1].

2 MATERIAL AND METHODS

2.1 Finding candidate genes

First, from Online Mendelian Inheritance in Man (OMIM),
the genes associated with asthma were manually found. The
OMIM database is known to be more authentic than
published papers [2]. Second, from Gene Expression
Omnibus (GEO) data of microarray experiments results, the
genes associated with asthma were found [3]. All
microarray experiments related to asthma were used; Geo
Data Set (GDS) 261, GDS266, and GDS267. Experiment of
GDS261 (HG_U95a, Affymetrix) is about the comparison
of epithelial cells derived from asthmatic and normal
airways. Those of GDS266 and GDS267 (HG_U133a and
HG_U133b, Affymetrix) are about the investigation of
CD4+ lymphocytes from patients with and without atopy, in
combination with asthma.

To extract the significant genes associated with asthma
from the microarray experiments, Wilcoxon rank sum test
was used. Since the microarray data do not follow the
normal distribution of assumptions of t test, we adapted
Wilcoxon rank sum test which is a nonparametric test for
equality of means of two samples that are non-normal. It
appears to be a robust choice for microarray data since it
operates on rank-transformed data [4, 5]. We took genes of
which p-value is less than 0.05.

2.2 Protein-protein interaction network

PPI network associated with asthma was constructed as
follows. First, we chose the proteins as nodes of the network
corresponding to candidate genes obtained from OMIM and
GEO microarray data. Second, we adapted the interactions
of candidate proteins as links which were extracted from the
Human Protein Reference Database (HPRD) [6, 7]. HPRD
provides 22,516 human protein-protein interactions which
were found manually by reading the biological research
papers [8]. The reliability and quality of the interactions was
ascertained by the subcellular localization information of
SwissProt.

2.3 Network analysis

To reveal target proteins, which play important roles in the
network, several measurements were introduced, for
examples the number of nearest neighbors (degree),
betweenness centrality (BC), edge BC, and characteristic
path length (CPL) of network theory. First, degree
distribution gives insight about the existence of hub proteins
taking a major role in the network. Second, the BC was
measured to find the proteins which are not hub proteins,
but take important roles in the view of network topology [9,
10]. BC is a useful measurement for detecting the
bottleneck of a network. BC of node £, b(%) is defined as

bk) = b, (0= X Bt )

i i>j

where g ;_; is the number of shortest geodesic paths from i
to j and g* i 1is the number of geodesic paths from i to j
that pass through £ among g ;_;. The edge betweenness
centrality is also defined by similar way. Last the CPL is the
average number of hopping through shortest geodesic paths
from node k to all other nodes. If a node has a small CPL, it
means that the node is close to the topological center of the
network.
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2.4 Functional annotation

To understand the function of target proteins in the view of
the biological pathway, Kyoto Encyclopedia of Genes and
Genomes (KEGG) Pathway Database was searched [11]. In
addition, to translate lists of candidates into biological
phenomenon involved, the information of Gene Ontology
(GO) was used [12]. Its statistical significance, p-value, was
estimated by adapting the core algorithm of Onto-Express.
The p-value can be calculated as

1 ORI

where N is the number of genes on the microarray used. N
genes are consisted of two categories: functional category
(F) and non-F. M is the number of genes included in F
among N genes. Let us assume that they picked a subset of
K genes. We observe that x of these K genes are in F. N is
large enough to change this hypergeometric distribution to
the binomial distribution [13].

3 RESULT AND DISCUSSION

3.1 Asthma PPI Network
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Figure 1: The topological view of the core network of protein-protein interaction of asthma.

location of its node was represented by its pattern.
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We constructed two kinds of network. One contains the only
asthma associated candidate proteins as nodes
corresponding to genes obtained from OMIM and
microarray data and their interactions among them as links.
The other contains not only candidate proteins but also their
interacting proteins as nodes and their all interactions as
links. We will refer to the former as core network and the
latter as extended network of asthma.

The number of nodes of core network is 337 and the
number of edges is 406 and the mean degree is 2.4. There
are total 28 clusters with a giant cluster which contains 269
(80%) nodes. The color of each node represents the
subcellular location, which ascertains that the interactions
are reliable showing the proximity of two interacting
proteins (Fig. 1). Among 337 nodes, 79 nodes were found
by text manual reading from OMIM database and 264 nodes
were extracted by Wilcoxon rank sum test of microarray
experiments. 6 nodes were identified by both text manual
reading and microarray analysis. The number of nodes in
the extended network is 2438 and the number of edges is
4029 and the mean degree is 3.3. The extended network
follows a clear power-law distribution, the character of
scale-free network (Fig. 2). There are total 78 disconnected
clusters with one giant cluster which contains 2256 (92.5%)
nodes.
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Hub nodes appear such as v-src sarcoma viral oncogene
homolog (SRC), signal transducers and activators of
transcription 1 (STAT1), guanine nucleotide binding protein
beta polypeptide 2-like 1 (GNB2L1), retinoblastomal (RB1)
and chemokine receptor 5 (CCRS5). From the measurement
of BC, several nodes have large BC; SRC, GNB2L1, vavl
oncogene (VAV1), Mitogen-activated protein kinasel
(MAPK1), RB1, protein tyrosine phosphatase, receptor type,
¢ (PTPRC), breast cancer anti-estrogen resistancel (BCAR1)
and etc. We confirmed that the hub and large BC nodes are
located in the topological center of network by measuring
their CPL, verifying central nodes play the key roles in the
asthma network.

The hub nodes have many connections to the other part of
the network. Therefore they have a large BC and their
adjacent links of hub nodes have large edge BC. The hot
links, which have large edges BC, connect the key nodes of
the hubs and large BC nodes as a skeleton [14]. We drew
out the sub-network of key nodes from the core network of
asthma only using the Aot links (Fig. 3). The key nodes have
an important role to construct the network with hot links. In
section 3.3, the biological meaning of them will be
discussed.

3.2 Functional annotation of network

First, analyzing the key nodes in the view of biological
pathway, they are mostly working for cell communication
and cellular process including cell proliferation and cell
maintenance (Fig. 3). When searching KEGG pathway with
these nodes, MAPK kinase signaling pathway, JAK-STAT
pathway, calcium signaling, tight junction, adherens
junction, focal adhesion were shown. They are all related to
cell communication and signal transduction.

Second, the results of analyzing GO annotation
information also agree with previous analysis of key nodes.
In all three microarrays, signal transduction (p-value: 4.4E-3,
1.0E-6, 2.6E-4) and cellular physiological process (p-value:
1.9E-4, 1E-5, 1.0E-6) are very significant. In HG_U133b
and HG_U95a arrays, metabolism (p-value: 1.0E-6, 1.0E-6)
and regulation of physiological process (p-value: 1.0E-6,
7E-5) are significant. In HG Ul133b  array,
neurophysiological process (p-value: 9.7E-4) is significant.
In HG U95a array, development (p-value: 2E-4) is
significant.
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Figure 2: Degree distribution of asthma network
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Figure 3: The key nodes of core asthma network. It
shows the important skeleton of the core network of
protein-protein interaction of asthma. One node
represents a protein, but the node name follows the
gene’s name for its convenience.

3.3 The roles of key nodes in asthma-pathway

The JAK-STAT signaling pathway provides one of the most
direct routes from cell-surface receptors to the nucleus. It is
intimately related with the effects of interferons, hormone
and interleukins. Through JAK-STAT pathway, several
genes related to inducing inflammation can be recruited. In
the extended network of asthma, interleukin (IL) 4, IL13,
IL9 and IL2 through their receptors interact with Janus
Kinase (JAK) 1, which is a component of JAK-STAT
pathway (Fig. 1). IL4, as the proinflammatory cytokine,
induces the eosinophilic inflammation and is to promote
differentiation of Ty2 cells, acting at a proximal and crucial
point in the allergic response. IL4 and the closely related
cytokine IL13 signal through a shared surface receptor,
IL4ARa. IL13 has several effects relevant to allergic
inflammation in asthma including production of
immunoglobulin E (IgE) from B lymphocytes. IL9 is the
Ty2 cytokine that enhances Ty2-driven inflammation,
amplifies mast-cell mediator release and IgE production,
and enhances mucus hypersecretion [1].

In nucleus of Fig. 2, three genes control the cellular
proliferation. Nuclear factor of kappa light polypeptide gene
enhancer in B-cells 1 (NFKBI1) is pro-inflammatory
signaling molecules and is related with survival. cAMP
responsive element binding protein binding protein
(CREBBP) has a role controlling the G1 arrest in the cell
cycle and RB1 also controls cell cycle. In cytosol, SRC and
BCARI1 work for cell maintenance in the focal adhesion
pathway. Ubiquitin mediated proteolysis is working through
Cas-Br-M ectropic retroviral transforming sequence (CBL).
MAPK signaling pathway and SRC are also working for
cell communication [15].
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