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Abstract
This study aimed to identify genes that may play a role in development of ulcerative colitis (UC) and gain insight into its pathogenesis.
Gene expression profiling data, including samples collected from 13 early-stage UC (EUC), 8 advanced-stage UC (AUC), and 5

control subjects, were downloaded from the Gene Expression Omnibus database under the accession number of GSE9452.
Differentially expressed genes (DEGs) were identified in EUC and AUC compared with controls. DEGs for EUC and AUC, as well as
AUC-specific DEGs were subjected to pathway enrichment analysis. Random Walk with Restart (RWR) was used to identify DEGs
that are critical in UC based on a protein-to-protein interaction (PPI) network and the inflammatory bowel disease (IBD) pathway
downloaded from the Kyoto Encyclopedia of Genes andGenomes (KEGG) database. IL17 and transforming growth factor beta TGF-
b) expression levels in colonic tissue from patients with UC and normal colonic mucosa from healthy adults were analyzed by
immunohistochemistry (IHC).
A total of 3511 and 911 DEGs were identified in AUC and EUC, respectively. The overlapping DEGs and the AUC-specific DEGs

were both enriched in pathways related to immunity, such as antigen processing and presentation. AUC-specific DEGs were related
to cell migration, such as ECM-receptor interaction. Following DEG prioritization, TLR4 and STAT1 were linked with EUC, AUC, and
CD. The upregulated gene TGFB increased the number of Th17 cells, as verified by IHC. Furthermore, PIK3R1,CREBBP, and STAT1
were part of high-degree nodes in the PPI sub-network.
The upregulated gene TGFBmay regulate IL17 expression in UC. PIK3R1may participate in immunity and CREBBPmay interact

with STAT1 in the development and progression of UC.

Abbreviations: AUC = advanced-stage UC, CAM = cell adhesion molecule, CD =Crohn disease, DEG = differentially expressed
gene, ECM = extracellular matrix, EUC = early-stage UC, IBD = inflammatory bowel disease, IHC = immunohistochemical, KEGG =
Kyoto Encyclopedia of Genes and Genomes, PPI = protein-to-protein interaction, RWR = Random Walk with Restart, STRING =
Search Tool for the Retrieval of Interacting Genes, TGF-b = transforming growth factor beta, UC = ulcerative colitis.
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Cell migration ability may increase in AUC.
TheupregulatedgeneTGFBmayregulate IL17expressioninUC
PIK3R1may be involved in the onset and progression of IBD
via immunity.
CREBBP may interact with STAT1 in the development an
progression of IBD.
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1. Introduction

Inflammatory bowel disease (IBD), which comprises ulcerative
colitis (UC) and Crohn disease (CD), is a chronic and idiopathic
inflammatory disorder of the gastrointestinal tract.[1] CD may
affect any part of the gastrointestinal tract, but mainly affects the
distal ileum and the colon. In contrast, UC usually starts in the
rectum and extends through part of or the entire colon.[2] Because
of its early onset, irregular course of disease, unpredictable
prognosis, and lack of a definitive cure, IBD imposes a
considerable global public health burden.[3] In Asia, the incidence
of IBD, especially UC, is increasing in parallel with rapid
socioeconomic development and increasingly westernized life-
style.[4,5] Therefore, it is essential to gain further insight into the
pathogenesis of IBD, in order to develop effective drugs and
therapies for the treatment of IBD.
Although the precise etiology of IBD is not yet fully understood,

evidence has demonstrated that the etiology of this disease is
multifactorial.[6] Awidely accepted hypothesis is that bothCDand
UCresult fromthe interactionof genetic and environmental factors
including an overactive, poorly controlled mucosal immune
response, and defects in mucosal barrier function.[7] Numerous
studies have shown that the dynamic balance between microbes,
especially commensal flora, and host defense responses at the
mucosal barrier have a crucial role in the development and
pathogenesis of chronic IBD.[6,8] Strober et al[9] reviewed the
cytokine responses mediating intestinal inflammation in IBD and
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demonstrated that anticytokine agents, such as antitumor necrosis
factor (TNF)-a therapy, are likely to be useful in the treatment of
IBD. Genetic factors play an important role in IBD pathogenesis.
Fujimoto et al[10] revealed that the UC-associated gene RNF186
maintained gut homeostasis through controlling protein homeo-
stasis in the colonic epithelia andmaybe a candidatemarker for the
diagnosis of UC. In addition, Majumdar et al[11] showed that
altered expression of TNFAIP3 was associated with disease
severity in UC. Furthermore, a study recommended the use of p53
and p21 in the large bowel mucosa as valuable biomarkers of
inflammatory-related carcinogenesis in UC.[12] However, the
molecular mechanism leading to development and progression
of IBD remains to be elucidated.
Olsen et al[13] reported a diagnosable preinflammatory state in

patients diagnosed with UC and noted the usefulness of random
forest modeling of genome-wide gene expression in distinguishing
quiescent andactiveUCcolonicmucosa versusCDcolonicmucosa
and controls. Another study using the same microarray data for
gene selection revealed that changes in the expression of a select set
of genes could serve as an early marker of UC.[14] In this study, we
downloaded the same microarray data and reanalyzed it using
different methods. Differentially expressed genes (DEGs) were
identified by comparing the expression profiles in early-stage UC
(EUC) and advanced-stage UC (AUC) with controls. We also
performed pathway enrichment analysis on overlapping DEGs in
EUC and AUC as well as AUC-specific DEGs, and the algorithm
Random Walk with Restart (RWR) was applied to prioritize
critical DEGs inUCbased on a protein-to-protein interaction (PPI)
network and the IBD pathway downloaded from a public
database. Immunohistochemical (IHC) analysis was used to detect
expression of IL17 and transforming growth factor beta (TGF-b)
in colonic tissues from UC patients and normal colonic mucosa
from healthy volunteers. We aimed to identify critical genes
involved in UC and to gain insight into the molecular mechanisms
responsible for UC onset and progression. Understanding the
molecular mechanisms of UC will be an important step in gaining
further insight into its pathogenesis and guiding future in-depth
functional studies as well as treatment of UC.

2. Materials and methods

2.1. Microarray data

The gene expression dataset GSE9452[13] was obtained from the
NCBI Gene Expression Omnibus database (http://www.ncbi.nlm.
nih.gov/geo/), which is based on a GPL570 [HG-U133_Plus_2]
AffymetrixHumanGenomeU133Plus 2.0Array platform.A total
of 26 samples are included in this dataset,[13] including 13 UC
samples without macroscopic signs of inflammation defined as the
EUCgroup, 8UC sampleswithmacroscopic signs of inflammation
defined as the AUC group, and 5 non-IBD control subjects.

2.2. Data preprocessing and screening of DEGs

Data preprocessing was performed using robust multiarray
analysis[15] implemented in R. DEGs in the EUC and AUC groups
were identified by comparison with the normal controls using the
Linear Models for Microarray data (Limma) package.[16] The
threshold for the identification of DEGs was set at jlog2 fold
change j≥0.5 and a P-value <.01.

2.3. Pathway enrichment analysis of DEGs

Overlapping DEGs in the EUC and AUC groups as well as AUC-
specific DEGs were selected for pathway enrichment analysis.
2

Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis was implemented for the overlapping DEGs and the
AUC-specific DEGs using the online tool, the Database for
Annotation, Visualization, and Integrated Discovery.[17] The
threshold for significance was set at P< .01. KEGG network
analysis was performed with the plugin Enrichment Map (http://
baderlab.org/Software/EnrichmentMap), a Cytoscape[18] plugin
for functional enrichment visualization.
2.4. PPI network construction

The online database resource Search Tool for the Retrieval of
Interacting Genes (STRING) can provide comprehensive coverage
and ease of access to both predicted and experimental PPI data.[19]

Moreover, interactions identified in STRING include a confidence
score, allowing calibration of accuracy and coverage.[19] Genes
with documented interactions with the DEGs were extracted from
the STRING database. Subsequently, the PPI network was
constructed based on DEG–DEG, gene–gene, and gene–DEG
interactions. The interaction pairs with a PPI combined score>0.7
were selected for subsequent construction of a new network.
2.5. Random walk with restart to prioritize DEGs

A random walk is defined as an iterative walker’s transition from
a single node to a randomly chosen neighbor starting at a given
source node, s.[20] In this study, we applied the RWR algorithm in
the dent package,[21] which calculated a priority score for every
node based on the steady state probability. The equation for
RWR is defined as:

ptþ1 ¼ ð1� rÞWpt þ rp0

where r is the restart probability, W the column-normalized
adjacency matrix of the graph, and pt is the vector of size
equivalent to the number of nodes in this graph where the ith
element holds the probability of being at node i at time step t. In
the present study, RWR analysis was performed using a customR
program in the total DEG PPI network with 48 IBD genes set as
the seed node. These 48 IBD genes were extracted from the IBD
pathway (pathway ID, hsa05321) which was downloaded from
the KEGG pathway database.[22] We set the restart probability
parameter at 0.7, as recommended by Wu et al.[23] DEGs were
ranked according to the values (probability scores) in the steady-
state probability vector. The probability scores of DEGs were
log10 transformed and regarded as node attributes and displayed
by Cytoscape.[19] Higher scores indicated the nodes were more
closely connected with IBD genes. The top 100 genes with the
highest scores were used to construct the PPI subnetwork.
2.6. Tissue collection and IHC detection

Colonic mucosal biopsies were obtained from 4 patients
diagnosed with UC who visited the Department of Gastroenter-
ology at the First Affiliated Hospital of Zhengzhou University,
along with normal colonic mucosa from 6 healthy adult
volunteers. All experimental procedures were authorized by
the Ethics Committee of the First Affiliated Hospital of
Zhengzhou University and performed in accordance with the
appropriate ethical standards. Written informed consent was
obtained from all patients prior to obtaining samples.
Paraffin-embedded specimens were sectioned at 6-mm thick-

ness, and then used for IHC analysis. Samples were dewaxed in

http://www.ncbi.nlm.nih.gov/geo/
http://www.ncbi.nlm.nih.gov/geo/
http://baderlab.org/Software/EnrichmentMap
http://baderlab.org/Software/EnrichmentMap


Song et al. Medicine (2018) 97:21 www.md-journal.com
xylene and dehydrated in ethanol. Sections were sequentially
subjected to antigen retrieval in citrate buffer and heated in a
microwave oven for 13minutes and then cooled at room
temperature. The endogenous peroxidase activity was quenched
with 3% H2O2 for 10minutes and the samples were washed 3
times in PBS (3minutes each wash). The samples were flooded
with 10% bovine serum albumin (BSA) for 60minutes at room
temperature to reduce background staining. After washing,
sections were incubated with the rabbit-derived monoclonal
antibody anti-IL17 or anti-TGF-b (1:100 dilution, Abgent, San
Diego, CA) overnight at 4 °C. Samples were washed 3 times in
PBS (3minutes each wash) and incubated with antirabbit IgG
biotinylated secondary antibody for 60minutes at 37 °C. Samples
were washed 3 times with PBS (3minutes each wash). Antibody
staining was visualized in 3,30-diaminobenzidine tetrahydro-
chloride (DAB) according to the manufacturer’s instructions.
Counterstaining was performed with hematoxylin. The sections
were dehydrated through a graded alcohol series for 30seconds,
cleared with xylene, and then mounted with neutral balsam.
Images at 200� magnification were obtained, and the integrated
optical density (IOD) was determined by Image Pro Plus (IPP)
software to quantify protein expression. Mean density (IOD/
area) was calculated.
2.7. Statistical analysis

The data were analyzed using SPSS 17.0 software (SPSS Inc.,
Chicago, IL). The Student t test was used to assess the significance
of differences among groups. A P-value of <.05 was defined as
statistically significant.
3. Results

3.1. DEG screening

As shown in Fig. 1, 3511 DEGs were identified in AUC compared
with controls, including 1512 upregulated genes and 1999
downregulated genes. Comparison of EUC with healthy controls
identified 911 DEGs, including 433 upregulated genes and 478
Figure 1. DEGs. Red and orange represent genes upregulated in AUC and
EUC, respectively. Green and blue represent genes downregulated in AUC and
EUC, respectively. AUC=advanced-stage ulcerative colitis, DEG=differentially
expressed gene, EUC=early-stage ulcerative colitis.
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downregulated genes. Most of the DEGs identified in EUC were
also differentially expressed in AUC. We found that 93.3% (404/
433) of genes upregulated in EUC were also upregulated in AUC
and 95.8% (458/478) of genes downregulated in EUC were also
downregulated in AUC.

3.2. KEGG enrichment analysis

The results of KEGG enrichment analysis of the overlapping
DEGs and the AUC-specific DEGs using Database for Annota-
tion, Visualization and Integrated Discovery are shown in Fig. 2.
The overlapping DEGs and the AUC-specific DEGs were both
enriched in the pathways related to immunity. For example, the
overlapping DEGs were related to the intestinal immune network
for IgA production. The AUC-specific DEGs were enriched in
cytokine–cytokine receptor interactions, natural killer (NK) cell
mediated cytotoxicity, and the B cell receptor signaling pathway.
Furthermore, the AUC-specific DEGs were enriched in the
pathways related to cell migration, such as extracellular matrix
(ECM)–receptor interaction, and focal adhesion. The over-
lapping DEGs and the AUC-specific DEGs were simultaneously
enriched in cell adhesion molecules (CAMs) and antigen
processing and presentation pathways.

3.3. DEG prioritization and IBD pathways

The probability scores of DEGs ranged from �Inf to �1.79 after
log10 transformation. Higher scores indicate closer connection
with IBD genes; the DEGs with the top 15 scores were connected
to the IBD pathway, as shown in Fig. 3.[24] All 15 genes were
found to be differentially expressed in AUC, and 4 of the 15 were
also differentially expressed in EUC, including signal transducer
and activator of transcription 4 (STAT4), STAT1, toll-like
receptor 4 (TLR4), and RAR-related orphan receptor C (RORC).
Most of the 15 genes could be found in CD branches.
Furthermore, these genes were linked with branches related to
increasing the frequency of Th17 and regulatory T (Treg) cells,
such as the upregulated gene TGFB.

3.4. PPI subnetwork of DEGs

In order to gain more insight into key genes in UC, we performed
a full screen of the top 100 genes with higher probability scores
and other DEGs in the PPI subnetwork to better understand their
functions. As shown in Fig. 4, the subnetwork had 665 nodes and
1892 edges. Furthermore, the top 10 DEGs with higher node
degrees were extracted and are presented in Table 1, for example,
phosphoinositide-3-kinase, regulatory subunit 1 (PIK3R1)
(degree=104), CREB binding protein (CREBBP) (degree=92),
STAT1 (degree=87), CD44 molecule (CD44) (degree=81), and
Janus kinase 1 (JAK1) (degree=80).

3.5. IHC detection analysis

The mean age of the 4 UC patients was 48 years (range, 20–60
years) and the ratio of males to females was 1:1. The results of
IHC analysis of IL17 and TGF-b expression levels are shown in
Fig. 5A and B. Positive expression of TGF-b protein was detected
in IBD samples and its expression was rare in normal controls.
High levels of expression of IL17 were identified in IBD samples.
TGF-b expression was comparatively higher in disease samples
than in healthy samples (Fig. 5B). Overall, the expression levels of
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Figure 2. Pathway enrichment analysis of DEGs. Red nodes indicate the pathways enriched in upregulated genes. Blue nodes indicate the pathways enriched in
downregulated genes. Grey borders represent the pathways enriched in overlapping DEGs in AUC and EUC. Yellow borders represent the pathways enriched in
AUC-specific DEGs. Dark blue borders represent the pathways shared by 2 groups of enrichment results. An edge between 2 pathways indicates that they share
the same genes, and the wider lines indicate larger overlaps. AUC=advanced-stage ulcerative colitis, DEG=differentially expressed gene, EUC=early-stage
ulcerative colitis.
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IL17 and TGF-b in the IBD specimens were found to be
upregulated compared with normal controls (P< .05).

4. Discussion

Gene expression profiling in disease can uncover the underlying
gene changes contributing to the disease and promote the
identification of targets for therapeutic intervention. In the
current study, we analyzed the DEGs using gene expression
profiles for EUC and AUC in comparison with healthy controls.
The results showed that 93.3% (404/433) of the genes
upregulated in EUC were also upregulated in AUC and 95.8%
(458/478) of the genes downregulated in EUC were also
downregulated in AUC. The overlapping DEGs in AUC and
EUC and the AUC-specific DEGs were both enriched in pathways
related to immunity, such as NK cell mediated cytotoxicity, and
antigen processing and presentation. In addition, the AUC-
specific DEGs were also enriched in pathways related to cell
migration, such as ECM-receptor interaction. Following DEG
prioritization, we found that the DEGs TLR4, STAT4, STAT1,
and RORCwere linked with EUC, AUC, and CD.Moreover, the
4

upregulated gene TGFBwas involved in increasing the frequency
of Th17 cells, as verified by IHC analysis. Furthermore, PIK3R1,
CREBBP, and STAT1were part of higher-degree nodes in the PPI
subnetwork.
Available evidence suggests that the adaptive immune response

plays a major role in the pathogenesis of IBD.[25,26] An abnormal
immune response against the microorganisms of the intestinal
flora is considered to be responsible for IBD in genetically
susceptible individuals.[6] Not only T helper cell type (Th) 1 and
Th2 immune responses, but also other subsets of T cells, namely
Th17 and Treg cells, are likely to play an important role in
IBD.[25,27] Yu et al[28] demonstrated that NK cells, collectively
referred to as innate lymphoid cells, provide a crucial link
between the innate and adaptive immune responses to infection.
Additionally, the work of Bär et al[29] demonstrated that CD and
UC appear to modulate the major histocompatibility complex
class I- and II-related pathways for the presentation of exogenous
antigens in intestinal epithelial cells. In the present study, we
found that the overlapping DEGs and the AUC-specific DEGs
were both enriched in pathways related to immunity, such as
antigen processing and presentation pathways. In addition,



Figure 3. IBD pathway, red nodes indicate genes differentially expressed in AUC or EUC. AUC=advanced-stage ulcerative colitis, EUC=early-stage ulcerative
colitis, IBD= inflammatory bowel disease.
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AUC-specific DEGs were related to the NK cell-mediated
cytotoxicity pathway, in accord with previous studies. However,
Tanida et al[30] had reported that mucosal addressin CAM-1
plays an essential role in IBD development by mediating the
migration as well as accumulation of lymphocytes into the gut
interstitium, causing mucosal injury. A study indicated ECM
remodeling as a key event and an active participant in sustaining
intestinal inflammation in IBD.[31] Evidence shows that the
involvement of adhesion molecules play an important role in the
adherence of lymphocytes and macrophages to endothelial cells
maintaining the chronic inflammation in UC patients.[32] In our
study, both the overlapping DEGs and the AUC-specific DEGs
were enriched in CAMs. The AUC-specific DEGs were enriched
in pathways related to cell migration, such as ECM–receptor
interaction and focal adhesion. In this context, our observations
indicate that immunity and focal adhesion and ECM–receptor
interaction are key components of UC which may increase in the
AUCs, maintaining inflammation and tissue damage.
The recent discovery and characterization of Th17 cells and

their signature cytokines (IL-17) represents a hallmark in T-cell
immunobiology by providing a novel pathway connecting
adaptive and innate immunity.[25] High transcript levels of IL-
5

17A have been found in both CD and UC mucosa, compared
with healthy mucosa.[33,34] In addition, Hundorfean et al[35] had
revealed that IL17 is pathogenic in IBD (especially in CD) and
that cytokines can directly contribute to long-term intestinal
inflammation through complex mechanisms, such as proinflam-
matory effects on the IEC barrier. However, the TGFB family of
cytokines are multifunctional proteins that control proliferation,
differentiation, adhesion, and other functions in many cell
types.[36] Treg cells are defined as T cells able to suppress the
proliferation of Th0 cells which can differentiate into Th1, Th2,
or Th17 cells. Treg cells can exert their function via producing the
antiinflammatory cytokines TGF-b and IL-10, preventing both
the activation and function of T cells that have escaped other
mechanisms.[25] Marafini et al[37] demonstrated that TGF-b1,
which can inhibit pathogenic responses in the gut, is highly
expressed in both CD and UC. In accordance with these findings,
our study clearly showed that the upregulated gene TGFB was
linked with branches related to increasing the frequency of Th17
and Treg cells. Furthermore, the expression levels of IL17 and
TGF-b were found to be upregulated in UC specimens compared
with healthy specimens, by IHC analysis. A recent study showed
that the joint expression of IL-17A, IL-17F, IL-21, RORC, and
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Figure 4. PPI subnetwork, genes upregulated in AUC or EUC are shown in red and genes downregulated in AUC or EUC are shown in green. Diamonds indicate
the top 100 genes with higher probability scores. The node size shows the node degree. AUC=advanced-stage ulcerative colitis, EUC=early-stage ulcerative
colitis, PPI=protein-to-protein interaction.
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TGF-b was significantly predictive of Rachmilewitz endoscopic
index in UC patients.[38] IL17 is increased in active UC and serum
IL-17A levels of treatment-naive patients with UC is shown to
reflect clinical disease severity at the onset of the disease.[39,40]

Additionally, Feng et al[41] reported that IL-17 increased
accompany with TGF-b in UC patients. On this basis, we
Table 1

The top 10 genes with higher degree in PPI subnetwork.

Gene Degree AUC_DEstate EUC_DEstate

PIK3R1 104 �1 �1
CREBBP 92 �1 �1
STAT3 87 1 0
JAK2 81 1 0
STAT1 80 1 1
TGFB1 70 1 0
CBL 70 1 0
CD44 67 1 1
CD4 65 1 0
JAK1 60 1 1

AUC_DEstate and EUC_DEstate represent the gene differential expression state in AUC and EUC
samples, respectively; 1 represents for upregulated, �1 for downregulated, and 0 for no-change.
AUC= advanced-stage ulcerative colitis, EUC=early-stage ulcerative colitis, PPI=protein-to-protein
interaction.
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postulate that the upregulated gene TGF-b may regulate the
function of Th17 cells, affecting the expression of in the
progression of IBD. IL-17 and TGF-b levels may be valuable
in the clinical management of patients with UC; the underlying
mechanisms warrant further investigation using larger sample
sizes.
PIK3R1 can phosphorylate the inositol ring of phosphatidy-

linositol and is responsible for regulating a diverse range of
cellular functions, such as proliferation and migration.[42] Cahill
et al[43] demonstrated that the important isoform PI3-Kg plays a
crucial role in intestinal inflammation and dysregulation of the
PI3K signaling pathway in innate and adaptive immune cells as
well as in the intestinal epithelium, perhaps leading to
inflammatory disorders including IBD. Moreover, in the current
study, PIK3R1 had the highest node degree in the PPI
subnetwork. In this context, we suggest that PIK3R1 might
play a critical role in the development and progression of UC via
immune response involvement.
In addition, CREBBP has histone acetyltransferase activity and

is involved in transcriptional coactivation. STAT1 is a signal
transducer and transcriptional activator which mediates cellular
responses to interferons and other cytokines. Zhang et al[44]

showed that the promoter-bound STAT1 dimer could interact
with the histone acetyltransferase CREBBP and that acetylation



Figure 5. Immunohistochemical analysis of IL17 and TGF-b protein expres-
sion levels in IBD colonic tissues and normal colonic mucosa. Representative
images are shown (200�). (A) a, IL17 expression in normal control; b, IL17
expression in IBD sample; c, TGF-b expression in normal control; and d, TGF-b
expression in IBD sample; (B) the mean density of IL17 and TGF-b protein
expression in IBD and normal samples. IBD= inflammatory bowel disease, IL=
interleukin, TGF-b= transforming growth factor beta.
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of histones is crucial for STAT1-mediated transcriptional
activation. Moreover, Neurath showed that several IBD
susceptibility loci contain genes that encode proteins involved
in cytokine induction, chemokine receptor signaling, and Th cell
responses including STAT1.[45] Furthermore, in our study, we
found that STAT1 expression was altered in both EUC and AUC,
as well as CD, and CREBBP had a higher node degree in the PPI
subnetwork. On this basis, we suggest that CREBBP might play
an essential role in the onset and progression of IBD by
interacting with STAT1.
This study has some limitations. Notably, the number of

samples included in the microarray data was relatively small.
Additionally, data from only 4 UC cases were used for validation
of the expression of IL17 and TGF-b, which reduced the power of
this study. Further studies using a larger sample size are required.
Moreover, themolecular functions of other potentially significant
genes were analyzed mostly using bioinformatic methods. Thus,
the biological roles of these genes should be investigated and
determined by further experimental studies.
In conclusion, we performed gene expression profile analysis to

identify critical genes in IBD. Immunity and cell movement
appear to be key components of UC and cell migration ability
may increase in the AUC, causing lesion metastases. The
upregulated gene TGFB may regulate IL17 expression in UC.
PIK3R1 may be involved in the onset and progression of UC by
7

participating in immunity. CREBBPmay interact with STAT1 in
the development and progression of IBD. However, extensive
further work is necessary. Advances in understanding the
molecular mechanism of IBD will aid in the development of
novel targeted therapies with greater efficacy.
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