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ABSTRACT

In human, a large portion of genes undergoes attve splicing then translates into different priatésoforms.

Translated proteins are activated or repressed tigto post-translational modification (PTM). Biologlgrocesses
are mediated by protein-protein interaction (PR¥)any research studies suggested that disease fammiivolves
differential expression of isoforms. Furthermoretrbof PTM and PPI are essential for the signahsduction me-
chanism where defects in such process may leats¢ask formation. In this work, disease-associagetkes, pro-
teins, alternative products, PTM, Gene Ontology J@@notations, subcellular localization and PPIladnhation

are integrated to provide a sophisticated platfdondisease studies. A total of 39disease types4dnsiubcellular
localizations information are included in the ptath. This platform also provided an index, Jaccamdex; to

quantify the portion of common proteins involveddoy two of the diseases, which may be usefutdarorbidity

study. A few subcellular localization specific ARlormation are available in Cytoscape display fatmA web
platform has been set up to display the resultgait be accessed at http://bioinfo.csie.nfu.edDistihdex.php.
Finally, using lung cancer associated genes asseaiudy, we demonstrate how to use the web platfesource
to discover further disease information.

Keywords: Human disease, alternative splicing, post-traimsial modification, subcellular localization, pedt-
protein interaction, disease comorbidity.

INTRODUCTION

It is known that many genes or proteins are asttiaith human diseases. A strategy to gain a tbettéerstand-
ing of disease formation is to integrate differlavels of information from various biological moldar datasets.
The availability of disease genes, proteins, aftéve products, post-translational modification BT Gene Ontol-
ogy (GO) annotations, subcellular localization g@mdtein-protein interaction (PPI) information; haade it possi-
ble to study human disease at a system level.dpthsent work, the above-mentioned datasets vese to con-
struct a sophisticated platform for disease studies

1.1. Diseases and Alternative Splicing

The protein-coding regions of most eukaryotic gez@#ain exons and introns, where introns are egliproducing
MRNA and translated into proteins. Differential segsion of the p53 isoforms has been reportednial ell carci-
noma [1] and head and neck tumors [2].

When alternative splicing occurs in exons, parthef mRNA is removed, which results in altering piatdomain
composition and PPI. It is suggested that PPI, iwiscmediated by domain-domain interaction (DDIgynbe af-
fected by domain removal due to alternative spiicim a previous work [3], we reported that theutesffects can
be divided into two categories: (i) the PPI duedifferential domains interactions [4] and (ii) tR€1 due to com-
mon domains interactions. The importance of altarassplicing in cancer formation can also be foiménother
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work [5], where the authors identified seven turapecific splice variants (ACTN1, CALD1, COL6A3, LRRP2,
PIK4CB, TPM1, and VCL) in colon, bladder and préstaancer. These results suggested that diffesefdrims
may be involved in the pathogenesis of cancershande represent novel therapeutic targets.

1.2. Diseases and Post-translation Modification

Disease is a result of the emergence of problentiseircommunication system of the cells, that ispnes@roblems
are occurred in signal transduction pathways winencells communicate with each other. The commtipits,
either inter or intra cells are transmitted throtigh actions of bimolecular, such as growth fagtbesmones, cyto-
kines and the swapping of neurotransmitters.

Signal transduction pathways start with the bindifithe cell membrane receptor protein with ligaaall then with
PPl and PTM of the signaling molecule. For instamoara-cellular signal, such as transcriptiondacpropagates
and finally enters cell nucleus to activate or sepp genes.

One of the major purposes of this will be to sttigly relationship between signal transduction payhavad disease
formation; such as, carcinogenesis. Three postigénera data; i.e. PPIl, PTM of kinases and trapisen factors,
will be investigated in the near future.

Over the years, a growing number of experimentaldai®a are available to researchers, such as QJRnfé\ct [7]

(http://mips.gsf.de/proj/ppi/), Mammalian Proteimkin Interaction Database (MIPS) [8] and Humaot&in Ref-
erence Data (HPRD) [9, 10]. These data are appiedncer study [11], identifying cancer biomarkd, 13], and
discover oncoprotein interaction network based etnvark topological structure analysis [14]. Afteotein transla-
tion synthesis, PTM is a rather common mechanisah dlotivates or represses protein function. Phagtdtoon,

glycosylation and acetylation are three of the npagtular PTM. Protein phosphorylation plays an intguat role in
cellular regulation, if some problems are occuriedhe PTM of the signal transduction pathway, sashthe
MAPK pathway, or cell proliferation pathway, it magsults in cancer formation [15, 16]. However, itgportance
of protein post-modification and protein phosphostpome in cancer research did not pay much atternntil re-
cent years [17-19], due to the well developing mftpome technology, such as 2D gel and mass spestinp The
research scope consists of identifying cancer bikena [19], how to conduct cancer treatment thropigitein drug
targeting signal transduction pathway [20, 21], dedigning drugs for regulating protein phosphdigtain signal
transduction pathway [18-19, 22-23].

EXPERIMENTAL SECTION

1.3. Data Source

The data in our web platform are integrated andsemhrfrom the following four databases: (1) Uniprot
(http://www.uniprot.org/),(2) Gene  Ontology (GO, tgit/www.geneontology.org/) 3) BioGrid
(http://thebiogrid.org/), and OMIM (http://www.nchim.nih.gov/omim/). The web platform obeys a mtikred
architecture, and the data integration proceshasvs in Figure 1. Furthermore, Figures 2A and 2@resents the
database E-R model and use case diagram of thensysespectively.

1.4. Protein Information from Disease and Subcellulacélization

OMIM is a database that catalogues the known déseadth a genetic component, while Uniprot is satdase to
provide relationship between genetic componenttefme and subcellular locations genomic analysis afata-
logued gene. By merging OMIM and Uniprot databasescan derive the associated protein informatmroeding
to the specified disease and subcellular locatinati

Furthermore, Gene Ontology database stores moleftuiation information, which is also very usefal bioinfor-
matics research. Our web platform also merged the database to provide biological annotation forease-
associated proteins.

A given protein may have distinct identifiers namim different databases, therefore, Gene Namei&erv

(http://bioagent.iis.sinica.edu.tw/GeneAlias/) ged to solve the issue of inconsistency. The protdated function
can be accessed by Uniprot or Swissprot ID in oceiv platform.
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Fig. 1. An overview of the data integration process

1.5. Comorbidity Study

The present platform also provided an indéx¢card Index (Jf)to quantify the number of common proteins in-
volved in two diseases. It may be a useful stapioigt for disease comorbidity studi}.is a quantity which is used
to quantify the similarity between two sets; hergiegen two moduleé andB, Jl is given by:

31(A B) =:Qg§: (1)

where| An B| and| A B| denote the cardinality oA n B and A0 B respectively.
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Fig. 2B. Use case diagram of the proposed web platform

1.6. Subcellular Localization Specific Protein-Proteintéractions

Protein-protein interaction network can be treaed simple undirected graph, where each proteimjgped to a
node and the interaction between two proteins igped to an edge. PPI data indicate relationshigsolfi protein
pair. However, protein can be found at differericgllular localization [24]; therefore, it is imgant to realize that
two proteins can interact if they locate in the sdatalization.

The BioGrid database provides PPI data for mangiepeBYy integrating human PPI data in BioGrid vitte sub-

cellular localization data, one can possibly recawere realistic biological information. This isdaise some of the
PPI events are not allowed simply due to the faat the two proteins are not resided in the sameailation.
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RESULTS

1.7. Associated Protein Information and Multiple Diseds®rmation

Firstly, by selecting disease type and subcellidealization from the drop down menus in the weditfpkm, users
can retrieve the corresponding protein informatisuch as AC (protein accession number), OS (orggniBTM

(post-translational modification) and alternatedarct. Moreover, the second major function of oubwpéatform is
to provide the associated information retrieveadft@oMIM and Uniprot databases for any disease coatigins.

A

Human Diseases Information System
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Figure 3. The stepsfor retrieving lung cancer associated genes/proteinsin the proposed website
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For example, following steps in Figure 3, users eatnact lung cancer associated genes and prdteimsOMIM

and Uniprot respectively.

1.8. Comorbidity Study

The third major function of our web platform isgmovide the comorbidity protein information adidscore for each
disease pair. As shown in Figure 4, the first raw the first column list all disease type. The iestin the diagonal
represent the number of proteins associated wihcthresponding disease. Entries in upper-diagdeabte the
number of common proteins for each disease pait,raicontrast, entries in lower-diagonal showditscore. The
top 10 disease pairs with the highdkscore are listed in descending order in Tablehtodgh artificial mining in

NCBI PubMed literatures, disease pairs with higHescore truly tend to have closer relation.

The dusgonal entries stand for the total rumber of protems mvalve d w the dissases
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Fig. 4. Thenumber of common proteinsand JI score for each disease pair

Table 1 Top 10 disease pairswith the highest JI score

Disease pair Jl score
(Gastrointestinal, Colon cancef) 0.2687
(Stomach, Colon cancer) 0.2162
(Stomach, Germ cell) 0.1915
(Stomach, Endometrial) 0.1875
(Renal, Endometrial) 0.1845
(Nerve, Brain) 0.1713
(Stomach, Breast cancer) 0.1525
(Colon cancer, Breast cancer) 0.1412
(Carcinoma, Breast cancer) 0.1364
(Colon cancer, Carcinoma) 0.1348

1.9. Subcellular Localization Specific Protein-Proteimédractions Study

Users are allowed to search for subcellular loailin specific protein information by using the plrdown menu.
Subcellular localization specific PPI is availafide cytoplasm, extracellular, membrane and nucl@us. web plat-
form provides PPI on specific subcellular localiaat and the PPI data are ready for downloadinduaher study.
In particular, the PPI data is prepared in Cytosdatp://www.cytoscape.org/) input format, whicleifdate visua-
lization purpose. The visualization graph proposethis work can clearly show the interaction besweach pro-
tein pair, and it can be extended to combine vargraph clustering algorithms to predict proteinitaites and pro-

tein complexes, which is critical for large-scatgalanalysis.
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1.10.Case Study
The following case study demonstrates how to discogeful disease-related information by the pregaseb plat-
form.

In [25], by Robust Multi-array Average and Empitidayes(eBayes) statistics, the current authorsaeted the
most significant differentially expressed genes @3 for lung cancer from the experimental verifraicroarray
data, E-TABM-15, which consist of up and down reged genes witlp-values less than 0.0007. Among these
DEGs, 952 and 1339 genes belong to the up and dooup respectively. After querying the proposed \pédi-
form, a total of 127 lung cancer associated gesestiieved, and among them, 25 genes are foubéd the same
with DEGs in [25]. The 25 genes are listed in Tahlevhich can be provided for further drug-generiattion and
potential drugs investigation. By using the netwaidualization tool, Cytoscape, Figure 5 showsRF¢ network of
the 25 genes. In this network, proteins and interas are drawn as nodes and edges respectivelyedipated
genes, down-regulated genes and other adjacens geeaepresented by different colors and shages.PPI in-
formation could possibly provide some crucial bgital pathways for further investigation.

Table 2 The Gene symbols of overlapped lung cancer related genes by comparing the query resultsand DEGs data

UP regulated genes  Down regulated gehes
ABCB4 ASPA
ATPAF2 CYBRD1

CP DMPK
GALE FBP1
HGD GLUD1
HMBS HADHA
MMACHC HLA-DRA
SLC25A13 HPS5
TFR2 JAG1
UROS LMNA
MMRN1
NDRG2
PNPLA2
RBP4
SOCS3

0

— = HSPAB J byne:
LNXT
usPz2
i \
IRNF 18

|YWHAE| ATP5J2)
u \ sty
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DISCUSSION

In this study, disease-associated genes, protdiesnative products, PTM, GO annotations, subtallocalization
and PPI information are adopted to provide a stighied platform for biomedical researchers. Altofe89 disease
types and 47 subcellular localizations are incluitetthe platform. Subcellular localization speci#®| information
is available in Cytoscape display format, whichilfeate graph topological analysis. We also demaistby a case
study that the proposed web platform can perfortwosk inference for further disease information lgais.

It is expected that the platform should be of vdimefuture studies into understanding moleculachaaism of
disease formation and identify therapeutic drugedts. There are two tasks are undergoing or t@bwleted in the
near future. The first one is to perform gene seicment analysis, i.e. GSEA, and pathway analyeisdentify
enriched biological processes and pathways. Thensetask is to include lung cancer microarray daatailts for
therapeutic target identification [25].

CONCLUSION

In conclusion, we have developed a pipeline to idiebio-molecular information for a rather compnesige list of
major diseases. The study starts from disease gaedythen gene, protein, subcellular localizaipecific PPI, and
GO annotation data can be retrieved. Although leengcer is considered in our case study, the saalgsisican be
easily extended to other disease type as longeasiitroarray data is available. Furthermore, oatfpim provides
the comorbidity protein information anll score for each disease pair, which is useful fplaging the interplay
between disease comorbidity [26].
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