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Abstract. - OBJECTIVE: Inflammatory bowel
diseases (IBDs) including ulcerative colitis (UC)
and Crohn's disease (CD) increased the risk for
developing colorectal cancer. However, there is
no effective therapy for IBDs. The aim of this
study was to identify potential therapeutic tar-
gets for inflammatory bowel disease (IBD) and
explore the possible mechanism underlying this
disease.

MATERIALS AND METHODS: Gene expres-
sion profile GSE6731 was downloaded from
Gene Expression Omnibus database, which in-
cluded 9 UC samples and 19 CD samples. Differ-
entially expressed genes (DEGs) between affect-
ed colon tissues and non-affected tissues were
identified in UC and CD group. Then, Gene On-
tology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathways analysis of
DEGs were performed. Modules in the protein-
protein interaction (PPI) network were identified,
and significant node genes were selected.

RESULTS: Total 619 DEGs including 285 up-
regulated genes and 334 down-regulated genes
were identified in UC group and total 1159 DEGs
of CD including 585 up-regulated genes and 574
down-regulated genes were selected. Module
was selected from PPl network. From the PPI
network and module, DEGs of mitogen-activated
protein kinase 3 (MAPK3), N-myc downstream
regulated 1 (NDRG1) and major histocompatibili-
ty complex, class Il, DR alpha (HLA-DRA) have
high degree.

CONCLUSIONS: MAPK3, NDRG1 and HLA-
DRA may play key roles in the progression and
development of IBD. They may be used as spe-
cific therapeutic targets in the treatment of IBD.
However, further experiments are still needed to
confirm our results.
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Introduction

Inflammatory bowel disease (IBD) belongs to
the type of autoimmune diseases, which are the in-
flammatory conditions of the small colon and in-
testine'. The principal types of IBD are ulcerative
colitis (UC) and Crohn’s disease (CD). It is im-
portant to note that IBD affect the intestine, oe-
sophagus, mouth, anus and stomach*>. Although
CD and UC are different diseases, they may pre-
sent with common symptoms, such as abdominal
pain, rectal bleeding, diarrhea, severe internal
muscle spasms, vomiting, and weight loss®. There
is an increasing trend of patients with IBD and
IBD is arisk factor for the development of cancers
such as colorectal cancer, endothelial dysfunc-
tion and coronary artery disease’®. It is estimated
that IBD related deaths will be up to 34,000 in
2010 globally®. Therefore, it is essential to devel-
op effective methods for its treatment.

IBD have posed threat to public health, how-
ever, CD and UC are not medically curable!®'3.
Until now, the most effective way to treat IBD is
surgery, but surgery cannot cure IBD complete-
ly'*. Recently, an increasing number of studies
have focused on the treatment for IBD'. Anti-
body against interleukin-12 is proposed to be a
promising method for remising Crohn’s dis-
ease'®. Probiotics shows therapeutic effects on
CD and UC'. Besides, it is suggested that
ICAM-1 is a potential therapeutic target in the
treatment of IBD'®!°. The epithelial barrier gene
extracellular matrix protein 1 (ECM1) was found
to have an association with UC and it may be
helpful in the treatment of UC?’. Although
tremendous efforts have been made to discover
the treatment of IBD, the present knowledge
seems to be insufficient.
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In this study, we downloaded the IBD related
microarray data for further analysis. The differ-
entially expressed genes (DEGs) between affect-
ed colon tissues and non-affected tissues of UC
and CD patients were identified respectively.
The DEG related function and pathways were
analyzed and the protein-protein interaction net-
work for the common DEGs in UC and CD pa-
tients was constructed. In the present work, we
aimed to explore the possible molecular mecha-
nism and the potential therapeutic targets for
IBD.

Materials and Methods

Affymetrix Microarray data

The gene expression profile data GSE6731 was
downloaded from Gene Expression Omnibus
(GEO) database (http://www.ncbi.nlm.nih.gov/
geo/). The microarray data were generated based
on the platform of GPL8300 ([HG_U95Av2]
Affymetrix Human Genome U95 Version 2 Ar-
ray) and was deposited by Wu et al*! in GEO
database. The gene expression profiling includes
19 CD samples (7 affected colon specimens and
12 adjacent biopsies) and 9 UC samples (5 af-
fected biopsies and 4 unaffected biopsies). The
Affymetrix CEL files were downloaded for fur-
ther analysis.

Identification of Differentially Expressed
Genes

The raw data (CEL files) were firstly pre-
processed based on the RMA (robust multi-array
average) algorithm?? by using the Affy package®
in R language. The preprocessing process includ-
ed background adjustment, quantile normaliza-
tion, final summarization and log2 transforma-
tion. Then, the probes corresponding to multiple
genes were deleted and the Coefficient of varia-
tion (C.V)* was calculated for genes mapped to
multiple probes.

SD

CV= x 100%

MN

SD indicates the standard deviation and MN
represents the mean value. Genes with C.V >
20% of more than 20% samples were considered
to be the missing data and were deleted. For the
remaining genes mapped to multiple genes, the
mean gene expression value were calculated.
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Then, DEGs between affected colon tissues
and no-affected tissues were analyzed in UC and
CD group respectively by using samr package in
R?. The multiple testing correction was per-
formed using Beniamini-Hochberg (HB)
method?®. DEGs with false discovery rate (FDR)
< 0.05 were considered to be significant.

Hierarchical Clustering Analysis

The DEGs in UC and CD group were subjected
to hierarchical clustering analysis with the applica-
tion of GenePattern (www.broadinstitute.org/can-
cer/software/gene/pattern)®’, and the results were
shown in heat maps. Samples clustered based on
the gene expression value can help us determine
whether the screening have sample specificity or
not.

Gene Ontology and Pathway
Enrichment Analysis of DEGs

The Gene Ontology (GO) analysis is a com-
monly used method for functional studies of
large-scale genomic or transcriptomic data®®. Ky-
oto Encyclopedia of Genes and Genomes
(KEGG) pathway database® contains informa-
tion of how molecules or genes are networked.
Database for annotation visualization and inte-
grated discovery (DAVID)* was used to system-
atically extract biological meaning from large
gene or protein lists. GO function and KEGG
pathway of DEGs were analyzed using DAVID
6.7 with FDR < 0.05.

PPI Network and Module Analysis

The protein-protein interaction (PPI) pairs
were predicted based on the information from
Biomolecular Interaction Network Database
(BIND)?!, Biological General Repository for In-
teraction Data sets (BioGRID)?*?, Database of In-
teracting Proteins (DIP)*, Human Protein Refer-
ence Database (HPRD)*, IntAct®, Molecular IN
Teraction database (MINT)?*, mammalian PPI
database of the Munich Information Center on
Protein Sequences (MIPS)*’, a PPI database for
PDZ-domains (PDZBase)*® and Reactome™.

Then the DEGs in both UC and CD group r
were mapped to PPI network. Visualizing com-
plex networks and integrating these networks
to any type of attribute data were allowed by
Cytoscape (http://cytoscape.org/)*°. The clus-
terMaker 1.11%" plugin in Cytoscape and
markov cluster (MCL) algorithm*? were used to
screen modules (granularity parameter = 2) of
the PPI network.
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Results

ldentification of Differential Expression
Genes

After preprocessing, we obtained the gene ex-
pression profiles of 8036 genes in CD group and
7876 genes in UC group. Finally, we obtained
619 DEGs (285 up-regulated genes and 334
down-regulated genes) in UC group and 1159
DEGs (585 up-regulated genes and 574 down-
regulated genes) in CD samples. Heat map of
DEGs

Hierarchical clustering showed that the DEGs
in UC and CD subgroup could distinguish the af-
fected tissues and non-affected tissues clearly
(Figure 1).

Gene Ontology and Pathway
Enrichment Analysis of DEGs

In UC group, the DEGs were closely related
with biological processes such as oxidation re-
duction, response to organic substance and phos-
phate metabolic process (Figure 2A). The DEGs
in CD group were significantly enriched in bio-
logical processes such as intracellular signaling
cascade, response to organic substance and regu-
lation of cell proliferation (Figure 2B).

Pathway analysis showed that the DEGs in UC
were significantly enriched in complement and
coagulation cascades and oxidative phosphoryla-
tion (Figure 3A) and the DEGs in CD group
were significantly enriched in proteasome and
apoptosis pathway (Figure 3B).

Module Screening from the PPl Network

There were total 253 overlapped DEGs in both
UC and CD group. The 253 DEGs were mapped
to PPI network and visualized by Cytoscape soft-
ware. The PPI network with 2016 nodes and
2658 edges was shown in (Figure 4 A). With the
application of MCODE plugin of Cytoscape, we
obtained 6 modules and the significant module
was listed in Figure 4B. Genes of major histo-
compatibility complex, class II, DR alpha (HLA-
DRA) and CD74 molecule, major histocompati-
bility complex, class II invariant chain (CD74)
were included in the module 1 (Figure 4B).

The significant nodes of PPI network with
connective degrees = 74 were screened, includ-
ing mitogen-activated protein kinase 3 (MAPK3),
v-yes-1 Yamaguchi sarcoma viral related onco-
gene homolog, and N-myc downstream regulated
1 (NDRG1I).

Sxprmexion Lesm

o r.h (]

Figure 1. Heatmap of DEGs in UC and CD respectively.
A, Heatmap of DEGs in CD. B, Heatmap of DEGs in UC.
Red colors represent up-regulation; blue colors represent
down-regulation.
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Table I. The KEGG pathway of significantly differentially expressed gene in UC and CD.

Subtype Term Count FDR

ucC hsa00650: Butanoate metabolism 12 1.60E-05
hsa05012: Parkinson's disease 22 8.45E-05
hsa00071: Fatty acid metabolism 12 9.52E-05
hsa00190: Oxidative phosphorylation 22 0.000109
hsa00280: Valine, leucine and isoleucine degradation 12 0.000258
hsa05010: Alzheimer's disease 24 0.000399
hsa05016: Huntington's disease 24 0.001909
hsa00620: Pyruvate metabolism 10 0.003503
hsa00072: Synthesis and degradation of ketone bodies 5 0.011888
hsa00020: Citrate cycle (TCA cycle) 8 0.016261
hsa04610: Complement and coagulation cascades 12 0.017288
hsa00010: Glycolysis/Gluconeogenesis 11 0.019964

CD hsa03050: Proteasome 16 0.000291
hsa00071: Fatty acid metabolism 14 0.000825
hsa04062: Chemokine signaling pathway 35 0.003025
hsa04612: Antigen processing and presentation 18 0.029413
hsa04210: Apoptosis 18 0.04889

Discussion

IBD has affected the quality of people’s lives
worldwide®. Moreover, IBD is a risk factor for
the development of colorectal cancer, however,
there is no effective method in the treatment of
IBD until now!*!3. Thus, the potential use of
therapeutic targets appears to be the most
promising area of research. In this work, we used
bioinformatic approach to predict the potential
therapeutic targets for IBD. We have identified
619 DEGs including 285 up-regulated genes and
334 down-regulated genes in UC group and total
1159 DEGs including 585 up-regulated genes
and 574 down-regulated genes in CD group were
selected. By constructing PPI network and mod-
ule screening, we found key genes including
MAPK3, NDRGI and HLA-DRA.

MAPK3 is a member of the MAP kinase fami-
ly*. MAP kinases act in a signaling cascade that
regulates many cellular processes such as differ-
entiation, proliferation, adhesion, survival and
cell cycle progression through the regulation of
transcription, translation, cytoskeletal rearrange-
ments*®. Studies*® also showed that MAPK
played a role in the regulation and initiation of
mitosis, meiosis and postmitotic functions in dif-
ferentiated cells. Dysregulation of MAPK kinase
pathways associated with diseases such as can-
cer, neurodegeneration and inflammation*’. San-
tini et al*® showed that many genes involved in
cell adhesion, cell cycle control and DNA repair
can be methylated in colon cancer. Furthermore,
Lengauer et al* showed that dysregulation of
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cell cycle was related to colorectal cancer. Baba
et al®® showed that MAPK3 was related to col-
orectal cancer. In our study, MAPK3 was the
overlapping DEG in UC and CD, and it has high
degree in the PPI network. In a word, all these
above suggested that MAPK3 might be a thera-
peutic target in IBD.

NDRGI is a cytoplasmic protein involved in
hormone responses, stress responses, differenti-
ation and cell growth®. NDRGI1 plays an im-
portant role in p53-mediated caspase apoptosis
and activation®. Chua et al** showed that the
expression of NDRGI1 might be a prognostic
indicator for some cancers. It was reported>*>
that colon cancer is related to apoptosis, differ-
entiation and cell growth. Furthermore, stud-
ies’*%7 also showed that NDRG1 was an indica-
tor of poor prognosis in colon cancer. In our
study, NDRG1 was the overlapping DEG in
UC and CD group, and it has high degree in the
PPI network. Thus, NDRGI1 may be a therapeu-
tic target for IBD.

HLA-DRA is a member of the HLA class II
alpha chain paralogues®®. HLA-DRA was
demonstrated to play a key role in the immune
system through presenting peptides originated
from extracellular proteins®. It is reported that
HLA-DRA play a role in various diseases such
as Graham Little-Piccardi-Lasseur syndrome,
and allergic encephalomyelitis®. Studies
showed that IBD belonged to the type of au-
toimmune diseases and it was related to the im-
balance of immune system'. Furthermore, stud-
ies showed that the abnormal change of HLA
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Figure 2. The Gene Ontology analysis of significantly differentially expressed gene in UC and CD. A, The Gene Ontology
analysis of significantly differentially expressed gene in UC. B, The Gene Ontology analysis of significantly differentially ex-
pressed gene in CD.
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Figure 3. A, The representative KEGG pathways of significantly differentially expressed genes in UC and CD. DEGs in CD
were demonstrated in proteasome pathway and cell apoptosis pathway. B, DEGs in UC were demonstrated in complement sys-
tem. The red stands indicated the up-regulated genes, and the yellow stands indicated the down-regulated genes. The green
stands indicated the genes or enzymes which belong to a specific species and have detailed information about them. The color-
lessness stands indicated the substance which doesn’t have detailed information. The font color with red stands for the impor-
tant genes or enzymes in KEGG pathways.
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Figure 4. The protein-protein interaction (PPI) network analysis of the differentially expressed genes (DEGs). A, PPI net-

work. B, Module. Orange and blue nodes represent products of up-and
sent the overlapping DEGs, the grey nodes represent the normal genes.

was involved in IBD, which indicated the close
relationship between HLA and IBD®¢2. In our
study, HLA-DRA was the overlapping DEG in

UC and CD group, and it has high degree in the 3)
PPI network. In a word, combined with the
studies above, HLA-DRA may be a therapeutic 2)
target in IBD.
Conclusions 5)
The MAPK3, NDRGI and HLA-DRA may play
key roles in the progression and development of 6)
IBD. They may be used as specific therapeutic tar-
gets in the treatment of IBD. However, further ex-
periments are still needed to confirm our findings. 7
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