
17

Cellular and Molecular 
Biology

Original Research

Mapping of protein-protein interaction network of Alexander disease

A. K. Saxena1, V. L. Saxena2, S. Dixit2*

1 Department of Zoology, D.A.V. College, Kanpur (U.P.), India
2 Bioinformatics Infrastructure Facility, Centre of DBT (Govt. of India), D.G. (P.G.) College, Kanpur (U.P), India

Abstract: Alexander disease (ALXD) is slowly progressive neurodegenerative disorder which affects white matter of the central nervous sys-
tem. The main cause of disorder is mutation in GFAP gene and mutation in some other genes were also reported. This study was aimed at getting 
a better insight into ALXD pathogenesis and identifying the important functional and highly interconnected nodes in human protein interaction 
network, identifying the important sub-networks in the system could be helpful in understanding the underlying molecular mechanism. The topo-
logical analysis of human protein interaction network strategy to identify highly interconnected sub-network modules from which six proteins are 
found i.e. GFAP, PLEC, CRYAB, NDUFV1, CASP3 and MAPK14 plays important role in disease. Further, the enrichment analysis of interaction 
network identifies crucial pathways in which most of the diseased proteins overlaps. Through system biology approach, the undirected human 
protein interaction network of ALXD is buildup with the help of Cytoscape tool and its various plugins helps to investigate network further. The 
systematic approach suggests the finding of previously known proteins, GFAP, PLEC, CRYAB, NDUFV1, CASP3 and MAPK14 can be used 
as a drug targets and potential treatment discovered also enrichment analysis will provide guidance for the future study on Alexander disease.
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Introduction

Alexander disease is an extremely rare, usually pro-
gressive and fatal, neurological disorder in which pro-
gressive degeneration of the myelin sheath of the white 
matter accompanied by the accumulation of abnormal 
deposition of protein in astrocytes take place; so that 
it is more appropriate to consider ALXD is a disease 
of astrocytes than a white matter. It is divided into four 
forms based on the age at onset of disease i.e. neonatal, 
infantile, juvenile, or adult (1).

GFAP gene plays major role in pathogenesis of 
ALXD which encodes glial fibrillary acidic protein, the 
main intermediate filament protein expressed in mature 
astrocytes (2). It was reported that this gene mutation 
does not affect protein synthesis but results defective 
protein (3). Studies also reveal that there are more pro-
teins other than GFAP showed significant change in 
Alexander disease.

It has been estimated that over 80% of proteins do 
not operate alone but in complexes. These protein–pro-
tein interactions are regulated by several mechanisms. 
Many protein–protein interactions are part of larger cel-
lular networks of protein– protein interactions. It is be-
lieved that the cellular network of protein–protein inte-
ractions are built up by highly connected protein nodes 
and many poorly connected nodes. Each node receives 
inputs and generates one or more specific outputs in a 
manner similar to computational units (4).

A class of computational approaches has recently 
been proposed that exploit these two sources of infor-
mation, physical interaction networks and linkage 
intervals, to predict associations between protein and 
diseases. The study of protein co-expression network is 
essential to define the molecular networks that contri-
bute to maintain the homeostasis of an organism’s body 
functions. Disruptions in gene or protein interaction 

networks results in disease in both human and Animals. 
In effort to understand the underlying mechanism of 
Alexander disease, Cytoscape and its plugins (21) were 
used.

Study referred from published literature and it had 
been found that around 23 genes were causing ALXD 
and built a protein interaction network using Cytoscape. 
Various plugins were used to analyze protein association 
network. This study was aimed at getting a better insight 
into pathogenesis of disease and identifying the impor-
tant functional and highly interconnected nodes in the 
network, as identifying the important sub-networks in 
the system could be helpful in understanding the under-
lying molecular mechanism. The objective of this study 
was to build the protein interaction network by using 
Cytoscape, analyze statistical significance of network 
and identification of functional proteins through its va-
rious plugins.

Cytoscape is a project dedicated to building open-
source network visualization and analysis software. 
Software "Core" provides basic functionality to layout 
and query the network and to visually integrate the 
network with state data. The Core is extensible through 
a plug-in architecture, allowing rapid development of 
additional computational analyses and features (5).

Network-Analyzer is a Java plugin for Cytoscape, 
a software platform for the analysis and visualization 
of molecular interaction networks. It performs analysis 
of biological networks and calculates network topo-
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logy parameters including the diameter of a network, 
the average number of neighbors, and the number of 
connected pairs of nodes. It also computes the distri-
butions of more complex network parameters such as 
node degrees, average clustering coefficients, topologi-
cal coefficients, and shortest path lengths.

Clustering of biological networks, such as protein-
protein interaction network and metabolic network, is 
one of the most common approaches for identifying 
functional modules and protein complex, predicting 
protein/gene functions. Based on MCODE (21), a Cy-
toscape plug-in named ClusterViz (7) was developed, 
which features with various clustering algorithms, in-
tuitive visualization of clustering results, easy-to-use 
topological and Gene Ontology enrichment analysis (6).

JEPETTO (Java Enrichment of Pathways Extended 
To TOpology) Cytoscape plugin performing integra-
tive human gene set analysis (7). It identifies functional 
associations between genes or proteins and known cel-
lular pathways and processes using protein interaction 
networks and topological analysis.

Materials and Methods

Data source
In an effort to understand the interaction of various 

proteins and protein pathways which are involved or get-
ting affected in Alexander disease, the protein-protein 
interaction network map was built and analyzed through 
Cytoscape. Proteins responsible for ALXD were sear-
ched from the GeneCards database and published lite-
ratures also reports on the Alexander disease, were also 
referred (Table 1).

Methodology 
The first aim of this study is to make protein interac-

tion network of ALXD where interactions are gathering 
into network in form of node and edges where nodes are 
defined as proteins and their relationship i.e. edges with 
other proteins then it followed by analysis of network 
topology where network’s architecture and performance 
can be calculated and in enrichment analysis nodes are 
characterized in term of biological attribute. Both steps 
are important steps and plays vital role in analysis done 
through NetworkAnalyser and JEPETTO plugin (Fi-
gure 1).

Results

The genes involved in Alexander disease find 
through GeneCards database and publish literature. All 
genes that are involved in this disease are protein coding 
genes hence; protein-protein interaction network was 
imported through Cytoscape’s web services option. 

Interactions were imported as a merged network, 
which contains total 7796 nodes and 9310 edges. This 
protein interaction network contains all protein of Homo 
sapiens and other organisms also like Mus Musculus, 
Mycobacterium, Canisfamiliaris, Gallus and other spe-
cies.

The study was aimed to study proteins involved 
in ALXD, only humans protein were selected and if 
network contains any self-loops, duplicate edges and 
any singletons then it was removed. Protein interaction 
network contains 3490 proteins and 4691 interactions. 
More analysis was done in order to know which cau-
sative proteins will be used as drug targets which are 
discussed further.

Discussion

Although it was large protein interaction network it 
is important to create sub networks to analyze network 
completely. NetworkAnalyser was used to create sub-
network and analyze the protein interaction network 
and discover its topological properties. In this study two 

Figure 1. Methodology workflow.

Protein Name GC id
GFAP GC17M042982

RPS27A GC02P055459
HSPB1 GC07P075931
CRYAB GC11M111813

MAPK14 GC06P035995
HTT GC04P003076

CASP3 GC04M185548
BLZF1 GC01P169337
MTOR GC01M011166

NDUFV1 GC11P067374
DES GC02P220283

MAP3K10 GC19P040697
PLEC GC08M144989

HSH2D GC19P016244
BFSP2 GC03P133118
SYNM GC15P099645
IL2RA GC10M006041
DSC3 GC18M028593

HDAC6 GC0XP048659
ABCB1 GC07MO87132
R79L 12581808 (PMID)

R239C 12581808
R79C 12581808

Table 1. Protein name with their respective GC id given in Gene-
Cards Database.

#GC id is unique id which is given to each gene. It starts from GC 
stand for GeneCards then followed by chromosome no (where “00” 
means unknown chromosome no and “MT” means mitochondria), 
“P”and”M” stands for Plus and Minus strand and then approx. 
kilobase start coordinate.
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of JEPETTO plugin, which gives list of significant 
pathway in which proteins of Alexander disease over-
laps (in terms of XD-score). Enrichment analysis was 
done to know the potential pathways/process which can 
be play important role in disease and for this analysis 
threshold values were taken as default and reactome 
is an open source curated bioinformatics database of 
human pathways and reactions hence, it was chosen as 
reference database. Statistically significant results were 
highlighted in result table. Table 4 and Table 5 show the 
list of significant pathway/process with their respective 
XD-score.

The molecular interaction study of Alexander di-
sease was done using Cytoscape tool and its various plu-
gins. This study focuses on building and analyzing the 
disease causing human protein interaction network of 
Alexander disease. Human protein interaction network 
was retrieve from Cytoscape web services and two sub-
networks were created and analyzed through Networ-
kAnalyser inbuilt plugin. The idea behind this study was 
to identify probable drug targets for Alexander disease, 
through cluster analysis it was found that four proteins 
i.e. GFAP, PLEC, CRYAB and NDUFV1 in cluster 1 
and in cluster 2 two proteins i.e. CASP3 and MAPK14 
proteins plays major role in causing Alexander disease 
and used as a drug targets. Through enrichment analy-
sis with JEPETTO plugin suggests significant signaling 
pathways and by triggering those pathways different 
therapeutic strategies will develop further in order to 
prevent disease.

sub-networks was created which contains 2532 proteins 
in component 1 and 924 proteins in component 2.

Topological parameters were calculated for both 
sub-networks and comparative analysis of both sub-
networks was carried out to obtain significant sub-
network. The analysis of the network was done assu-
ming the network as undirected graph.

In undirected networks, two nodes are connected if 
there is a path of edges between them. Within a network, 
all nodes that are pairwise connected form a connected 
component. The number of connected components indi-
cates the connectivity of a network a lower number of 
connected components suggest a stronger connectivity. 
A value of 1 for the obtained both sub-network indicates 
that the connected components have a stronger connec-
tivity.

The shortest path calculated was 100% for both sub-
networks. This shows that the minimum requirement of 
a gene for the transduction of a response from one mole-
cule to another should be atleast 100%.

The network heterogeneity is 6.708 (for sub-network 
1) and 4.647 (for sub-network 2) which reflect the good 
tendency of a network to contain hub (essential) nodes.

After visualizing and calculating all the parameter 
through NetworkAnalyzer, sub-network 1 is selected 
for further analysis of study because published litera-
ture reported which proteins are responsible for disease 
are all present in sub-network 1 with interaction of other 
proteins.

Clusters in the network can be considered as gene 
complexes and functional modules, which can be iden-
tified as highly interconnected sub-graphs. A cluster in 
the network can be considered as a community which 
has strong inter-relationship among their members.

The analysis of the network was done using the 
ClusterViz plugin which uses MCODE algorithm in Cy-
toscape to find out highly inter-connecting groups and 
parameter for cluster analysis was set as default values 
(Table 2), 2 clusters were obtained with high score in 
descending order.

The first cluster with the highest score of 5.333 and 
second cluster with 3.842 score (Table 3) was consi-
dered in which all the interacting genes could be the 
potential genes which may cause Alexander disease 
and depicts that these clusters are functionally linked 
and possibly can play major role in causing Alexander 
disease or could be involved in the pathogenesis/mole-
cular mechanism of the disorder which is still unknown.

The enrichment analysis was done with the help 

Algorithm:  MCODE

Scoring:
IncludeLoop: false
DegreeThreshold: 2
Clustering:
NodeScoreThreshold: 0.2
Haircut: true
Fluff: false
K-Core: 2
Max.DepthFromSeed: 100

Table 2. Parameter of ClusterViz plugin used to find out highly 
connected clusters.

Cluster Score (Nodes * 
Edges) Nodes Name

1 5.333 10*25
VIM,UBB, UBA52, PLEC, 
GFAP, SLC1A2, HSPA4,  
SOD1, CRYAB, NDUFV1

2 3.842 39*73

CCNB1, VEGFA, CYCS, 
CTNNB1, KRT18, TNF, 
KIAA0683, FAM48A, TTI1, 
IL1B, CDKN1A, CASP3, 
MAP2K4, IL6, IFNG, 
FOXO3, MAPK1, STAT1, 
YWHAZ, CCND1, OXA1L, 
MAP2K3, MAP2K1, 
MAPK11, PIK3CA, 
MAPK14, BCL2, NFKBIA, 
ATF2, BAX, CDKN1B, 
HYRC, MMP9, TIP49a, 
PPARG, FBXO32, RELA, 
PPARGC1A, JUN

Table 3. List of proteins found in clusters through ClusterViz plugin.

Pathway or 
Process

XD-score q-value Overlap/Size

C A S P A S E 
M E D I A T E D 
CLEAVAGE OF 
CYTOSKELETAL 
PROTEINS

0.72123 0.04759 2/11

Table 4. Result of enrichment analysis of cluster 1 through JE-
PETTO plugin. Table shows pathways/process with their respective 
XD-score and number of overlap proteins.
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