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Abstract. — OBJECTIVE: Ulcerative colitis
(UC), a chronic inflammatory disease of the co-
lon with unknown etiology, is characterized by
remission and recurrence. At present, a consid-
erable number of UC cases are misdiagnosed or
delayed in diagnosis and treatment. We aimed
to identify UC-related genes to aid the develop-
ment of drugs for this condition.

PATIENTS AND METHODS: Transcriptome
data of 362 patients with UC and 126 con-
trol subjects were obtained from the Gene
Expression Omnibus. The 362 patients with
UC were subgrouped using unsupervised ma-
chine learning. R software was used to an-
alyze the clinical characteristics of the sub-
groups, screen subgroup-specific genes, as-
sess the relationships between gene mod-
ules and clinical characteristics using weight-
ed gene co-expression network analysis, and
perform Gene Ontology and Kyoto Encyclope-
dia of Genes and Genomes pathway enrich-
ment analyses of the subgroups.

RESULTS: Patients with UC were classified
into two subgroups. Genes specific to sub-
group | included IL21R, ATP8B2, and PLEK-
HO1. Severe disease tended to be associated
with immune cell infiltration; anti-tumor necro-
sis factor (TNF)-a antibodies and ustekinum-
ab may have been effective in this subgroup.
Subgroup ll-specific genes included SLC4A4,
EPB41L4B, and PLCE1. Patients in this sub-
group had mild clinical conditions; however,
their disease was more likely to progress to
colorectal cancer. Thus, 5-aminosalicylic ac-
id-based drugs may be effective for the treat-
ment of UC in these patients.

CONCLUSIONS: We divided UC into two mo-
lecular subgroups based on transcriptome data,
providing molecular evidence for the develop-
ment of diagnostic methods and individualized
treatment strategies for UC.
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Introduction

Ulcerative colitis (UC) is a chronic inflamma-
tory disease of the colon with unknown etiology.
The disease is characterized by chronic inflam-
mation of the intestinal mucosa that starts from
the rectum and can affect the entire colon, with
alternating remission and recurrence'. Immune,
genetic, environmental, dietary, and other factors
have been associated with disease occurrence?.
UC is a global disease; in North America and
northern Europe, the estimated prevalence rate is
90-505 cases per 100,000 people’. From 1990 to
2003, the prevalence of UC in China was approxi-
mately 11.6 per 100,000 people, and the incidence
rate showed an upward trend*. UC can occur at
any age, particularly in late adolescence or early
adulthood’. Although medical treatments have
made significant progress, a considerable number
of cases are misdiagnosed or delayed in diagnosis
and treatment. Reportedly, 22.9% of patients with
UC are misdiagnosed as having other diseases
before admission®. The risk of colon cancer is
high in patients with UC. The overall prevalence
of colorectal cancer in patients with UC is 3-7%°.

Correct scientific classification and targeted
treatment are key to effectively managing UC.
Clinically, disease activity is classified as mild
(purulent and bloody stool <4 times per day),
moderate (purulent and bloody stool 4-6 times
per day), and severe (purulent and bloody stool
>6 times per day as well as poisoning symp-
toms, such as fever and tachycardia). In recent
years, with the development of molecular medi-
cine, the management of moderate to severe UC
has transitioned from the hospital setting to the
patient’s home. The treatment methods include
subcutaneous administration of biological agents
and oral drugs™®. Among the UC drugs that have
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been recently approved or are awaiting approval,
the anti-interleukin (IL)-23 antibody seems to be
the safest, with the fewest adverse events’. Al-
though considerable progress has been made in
drug development, there remains an urgent need
for effective biomarkers to guide rational treat-
ment choices. To obtain more effective treatment
outcomes for UC, further progress must be made
in the management beyond drug development.

In this study, we aimed to identify UC patho-
genesis-related genes to aid in drug development.
We used unsupervised machine learning and sta-
tistical analysis to identify molecular subgroups
of healthy and patient cohorts and validate their
feasibility through genetic analysis to develop
more effective treatments for UC.

Patients and Methods

Data Sources and Processing

Original UC-related array expression profi-
ling datasets (GSE11223, GSE13367, GSE53306,
GSEg7466, and GSE212849) and corresponding
platform files (GPL1708, GPL570, GPL1495]1,
GPL13158, and GPL570) were downloaded from
the Gene Expression Omnibus (GEO) database
(https://www.ncbi.nlm.nih.gov/geo/). The chip da-
tasets contain information on patients with UC
and healthy control subjects. We used the ‘lim-
ma’ (v.3.54.2) and ‘sva’ (v.3.46.0) packages in R
software (v.4.2.2; R Foundation, Vienna, Austria)
to remove batch effects and obtain a single, unified
dataset via principal component analysis (PCA)*!",

Establishment of Molecular Subgroups

The ‘ConsensusClusterPlus’ (v.1.62.0) package
in R (v.4.2.2) was used for class discovery. The ge-
ne expression matrix of 362 patients with UC was
subjected to cluster analysis using unsupervised
machine learning'?. The unsupervised class-lear-
ning method can identify groups of similar data
points, defined as clusters, from a dataset and
visually represent them as heatmaps. The gene
expression matrix cluster numbers were set to 2-10.
Cases with similar genetic characteristics were clu-
stered. Finally, we selected the ‘best cluster’ with a
high cluster consistency score and higher clustering
density within the group as the grouping.

Analysis of Subgroup Clinical Characteristics

We collated the clinical characteristics of the
normalized dataset, including age, smoking status,
lesion range (extensive or localized), and the UC
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scoring system (UCSS) score. Using age and the
UCSS score as continuous variables, the values we-
re transferred to SPSS software (v.26.0; IBM Corp.,
Armonk, NY, USA), and the mean and standard
deviation were obtained through Chi-square testing.
Then, the ‘rstatix’, ‘ggplot2’, and ‘ggpubr’ packages
in R (v.4.2.2) were used to perform box graph analy-
sis on the age and UCSS score. The smoking and le-
sion ranges were then used as discrete variables for
histogram analysis. Finally, a comparison between
groups was carried out through a one-way analysis
of variance to obtain the clinical characteristics of
the subgroups. Patients who had previously smoked
were classified in the smoking group.

Subgroup-Specific Gene Screening

The ‘limma’ R (v.4.2.2) package was used to
compare the subgroups with each other and with
the control group to identify significantly diffe-
rentially expressed genes (DEGs) based on a me-
an filter >0.2 and corrected p<0.05. Only DEGs
upregulated in each subgroup were obtained and
defined as genes specific to the subgroup.

Gene set enrichment analysis
of the subgroups

To identify DEG sets that were enriched for
annotated biological functions, we used gene set
enrichment analysis (GSEA). Perl software (v.5.32.1;
https:/www.perl.org/) was used to convert the com-
parison results between each subgroup and the con-
trol group before GSEA and to obtain gene list files
and gene set files for each subgroup. The files were
then transferred into GSEA software (v.4.1.0; https:/
www.gsea-msigdb.org/gsea/msigdb/) by subgroup
to analyze the different genes in each subgroup. As
the collated dataset was large, the maximum run-
ning value was set to 5,000.

Weighted Gene Co-Expression Network
Analysis

We used the “WGCNA’ (v.1.71) R package
(v.4.2.2) for weighted gene co-expression network
(WGCN) construction and analysis (WGCNA)
using the datasets. WGCNA clusters genes based
on high expression similarity and the co-expres-
sion modules can then be correlated with clinical
characteristics®®. First, the genes were clustered
to assess whether there were significant outliers.
Then, a co-expression network was constructed
based on the standard scale-free network analysis
function, and the power function ‘pickSoftThre-
shold’” was used to calculate the soft threshold
power B, which enhances strong correlation and
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reduces weak correlation at the expression level.
The co-expression gene modules were identified
using the dynamic tree-cutting method, and a ge-
ne tree map was generated according to different
degrees of topological overlap measure'®. Genes
with similar expression levels were grouped into
differently colored modules. Finally, Pearson’s
correlation was used to analyze the relationships
between the modules and age, smoking status,
UCSS score, and lesion range.

Gene Ontology and Kyoto Encyclopedia of
Genes and Genomes Enrichment Analyses
We used the ‘clusterProfiler’ (v.4.6.2), ‘org.Hs.eg.
db’ (v.3.16.0), and ‘enrichplot’ (v.1.18.3) packages in
R (v.4.2.2) for Gene Ontology (GO) term and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pa-
thway enrichment analyses in the obtained colored
gene modules. The GO categories were biological
process (BP), molecular function (MF), and cellular
component (CC). The most significantly enriched
pathway in each gene module was selected from the
KEGG results, and the relationships between the
pathway and the subgroups were analyzed.

Statistical Analysis

Continuous variables were analyzed using SPSS
and are reported as mean + standard deviation.
Then, a single-factor analysis of variance was used
for comparison between the two groups. Next, R
was used to statistically analyze the data from the
GEO database. Results at p<0.05 were considered
significant in a two-tailed significance test.

Results

Processing of Transcriptome Data and
Establishment of Subgroups

To obtain a normalized, unified dataset, batch
effects were removed from the individual datasets
GSE11223, GSEI13367, GSES53306, GSE87466,
and GSE212849. The main components of the
processed dataset were clustered and visualized.
In the PCA plot of the datasets before pre-proces-
sing for batch effects, the datasets were clearly
distinct (Figure 1A). After pre-processing, all
samples were scattered and could be regarded
as a single dataset (Figure 1B). In unsupervised
learning, the maximum cluster number was set to
10. After the analysis, nine clusters were obtai-
ned, and the consistency of each subgroup was
evaluated. When the data were classified into two
subgroups, the consistency evaluation score of

each subgroup was close to 1.0, indicating that the
clustering within each group was good (Figure
1C). To verify the accuracy of the clustering re-
sults, we generated a consensus matrix plot. This
plot confirmed that when the data were classified
into two subgroups, the correlation within each
subgroup was high (close to 1.0), but that between
groups was low (Figure 1D).

Subgroup Clinical Characteristics

A total of 362 UC and 126 control samples
were included in the grouping analysis (Sup-
plementary Table I for detailed clinical in-
formation). Analysis of clinical characteristics,
namely, smoking status, lesion range, age, and
the UCSS score, in each subgroup revealed a
slightly higher number of smoking patients in
subgroup II than in subgroup I, although the
difference was not significant (Figure 2A). The
proportion of patients with extensive lesions
was higher in subgroup I than in subgroup II
(Figure 2B), whereas the proportion of patients
with localized lesions was lower in subgroup
I than in subgroup II (Figure 2C). The mean
age was 65.79+14.941 years in subgroup I and
69.75+15.731 years in subgroup II, revealing
no significant difference (Figure 2D). The me-
an UCSS scores in subgroups I and II were
4.33+£3.270 and 2.04£2.182, respectively, which
differed significantly (p<0.001; Figure 2E).

Subgroup-Specific Gene Identification

To identify specific genes in each subgroup, we
screened DEGs that were specifically upregulated
in each subgroup by comparing the subgroups with
each other and the control group. There were 1,798
specific genes in subgroup I and 1,660 in subgroup
II. Table I lists the top 10 specific genes in each
subgroup. A Venn diagram plotted to determine
the accuracy of the screening results revealed no
genes in the intersection (Figure 3), indicating that
these genes met the screening criteria.

Subgroup GSEA

To analyze whether the specific genes in the
two subgroups and the DEGs between the sub-
groups and control samples were consistent, we
conducted GSEA. The results showed that the
compared DEGs were concentrated on the left
side of the image with a p-value and error de-
tection rate <0.01 (Figure 4 A-B). This indicated
that the uniqueness of the DEGs between the
subgroups and of those between the subgroups
and control samples was consistent.
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Figure 1. Normalization and cluster analysis of the datasets. A, Principal component analysis (PCA) plot of the datasets
before pre-processing for batch effects, showing no intersection among the datasets. B, PCA plot of the datasets after pre-
processing for batch effects, showing a more distributed dataset. C, Consistency evaluation scores of the clusters. The values
below the chart represent the number of clusters, and each color represents a subgroup. When the number of groups is 2, the
consistency score is highest. D, Consensus matrix plot showing that when the samples were classified into two subgroups, the
darker the blue rectangle within the group, the higher the genetic correlation. PC, principal component.

WGCNA of Patients With UC

We performed WGCNA on 12,587 standar-
dized genes after removing batch effects and
found that the gene connectivity conformed to a
scale-free network with a soft threshold power
B of 10 (Figure 5A). A WGCN was constructed
according to the determined genes. Three colored
gene modules (Figure 5B) were obtained using the
dynamic tree-cutting method: blue (1,594 genes),
brown (1,216 genes), and grey (648 genes). The
relationships between the modules and clinical
characteristics were determined. Age was signifi-
cantly negatively correlated with the brown modu-
le (p=0.04) and significantly positively correlated
with the grey module (p=0.005). The UCSS score
was negatively correlated with the blue modu-
le (p=2e-13) and positively correlated with the
brown (p=7e-15) and grey (p=5e-8) modules.
Smoking was positively correlated with the blue
module (p=0.008) and negatively correlated with
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Table I. List of the top 10 specifically upregulated genes in

both subgroups.
Subgroup | Subgroup 11
IL2IR SLC444
ATP8B2 EPB41L4B
PLEKHOI PLCEI
CMTM7 SAMDI3
ADA XK
CHIBL2 PANK3
HCLSI ENTPDS5
GMFG OCLN
SH3BPS5 GPDIL
FXYD5 PXMP2

the grey module (p=0.006). Extensive lesions
were significantly negatively correlated with the
blue module (p=0.01) and significantly positively
correlated with the brown (p=0.02) and grey
(p=0.001) modules (Figure 5C), similar to the
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Figure 2. Analysis of the clinical characteristics in the subgroups. Comparison of smoking status (A), presence of extensive
lesions (B), presence of localized lesions (C), age (D), and the UCSS score between the two subgroups (E). Single factor
analysis of variance shows: *p<0.05, **p<0.01, ***p<0.001, ns=not significant. UCSS, ulcerative colitis scoring system.

UCSS score. Through correlation analysis of the
gene modules and subgroups, we found that the
expression of the blue module was lower, whereas
that of the brown module was higher in subgroup I
than in the control group. The results of subgroup
II contrasted with those of subgroup I (Figure 6).

GO and KEGG Enrichment Analyses

To analyze the biological characteristics of the
gene modules, we conducted enrichment analy-
ses. The GO analysis results showed that the BPs
‘fatty acid catalytic process’ and ‘cellular lipid
catalytic process’ were enriched in the blue mo-
dule, whereas ‘regulation of leukocyte cell-cell
adhesion’, ‘regulation of T cell activation’, and
‘regulation of protein secret’ were enriched in the
brown module (Figure 7A). The CCs ‘mitochon-
drial matrix’ and ‘plasma membrane’ were enri-
ched in the blue module (Figure 7B). The MFs
‘electric transfer activity’, ‘oxidoreductase activi-
ty’, and ‘phosphoric ester hydrolase activity’ were
enriched in the blue module, and ‘extracellular
matrix structural constraint’ was enriched in the
brown module (Figure 7C). The KEGG pathway
enrichment analysis showed that the ‘peroxiso-
me’ and ‘peroxisome proliferator-activated recep-
tor (PPAR) signalling’ pathways were enriched in

Subgroup 1 Subgroup 1II

1798 0 1660

Figure 3. Venn diagram showing the numbers of subgroup-
specific genes.

the blue module, and ‘Th17 cell differentiation’,
‘B cell receiver signalling pathway’, and ‘nu-
clear factor (NF)-kappa B signalling pathway’
were enriched in the brown module (Figure 7D).
To further understand the correlations between
KEGG pathway enrichment and the subgroups,
we selected the pathway that was the most si-
gnificantly enriched in each gene module and
analyzed the expression of each pathway in each
subgroup. The ‘peroxisome’ pathway showed low
expression in subgroup I but high expression in
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Figure 4. GSEA of the two subgroups. A, GSEA of significant DEGs in subgroup I. B, GSEA of significant DEGs in
subgroup II. The green line represents the gene enrichment scores, each black line represents a gene, and the grey area

represents the signal-to-noise ratio between each subgroup and the control group. GSEA, gene set enrichment analysis;
DEGs, differentially expressed genes.
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Figure 5. Weighted gene co-expression network analysis of the datasets. A, Left panel: the relationship between the power
value and scale-free fitting index; right panel: the relationship between the power value and average connectivity. The red
line represents the optimal power value. B, Colored gene module tree. Each black line represents a gene and corresponds to
different colored modules. C, Relationships between the modules and clinical characteristics (age, UCSS score, smoking, and
presence of extensive lesions) through Pearson correlation analysis.
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Figure 6. Heatmap of the relationships between the colored gene modules and subgroups. Red represents a positive
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the control group and subgroup II. ‘Hematopoie-
tic cell lineage’ was highly expressed in subgroup
I but had low expression in the control group and
subgroup II. There was no significant difference
in the expression of cytokine-cytokine receptor
interaction among the groups (Figure 8).

Summary of Subgroup Characteristics

To better understand the clinical, molecular,
and biological characteristics of each subgroup,
we summarized the characteristics of each sub-
group based on the above results in Table I11. We
found that the characteristics of each subgroup
differed and could be used to classify UC.

Discussion

With the development of molecular medici-
ne, more disease-related genes have received
increasing attention. The information from these
genes can provide new methods for developing

treatments. To the best of our knowledge, this is
the first study to classify the transcriptome data of
362 patients with UC using bioinformatics. With
recent progress in our understanding of the gene-
tics of UC, it has become increasingly important
to construct suitable genetic UC subtypes'*'®. In
our study, UC was classified into two genetic sub-
groups. Through analysis of the clinical characte-
ristics of the subgroups, we found that disease
lesions were more extensive and localized disease
was less prevalent in subgroup I than in subgroup
I, indicating that the patients in subgroup I had
more severe disease. The UCSS score is based
on a combination of stool frequency, rectal ble-
eding, endoscopic activity, and an overall rating
scale assessed by the physician (0-3 for each item,
representing inactive to serious disease). The to-
tal UCSS score for severe disease is 12 poin-
ts'”. The UCSS score in subgroup I (4.33£3.270)
was significantly higher than that in subgroup II
(2.04+2.182), further indicating that the symptoms
were more severe in subgroup I. Furthermore,
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Figure 7. GO and KEGG pathway enrichment analyses of the gene modules. A, BP analysis results. B, CC analysis results.
C, MF analysis results. D, KEGG pathway enrichment results. The 15 most significantly enriched terms are shown for each
analysis. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; MF, molecular
function; CC, cellular component.

Table Il. Summary of both subgroups.

Category Characteristics

Subgroup I

Clinical features UCSS score (High), Disease extent (extensive)

Specific gene IL2IR, ATPSB2, PLEKHOI, CMTM7, ADA, CHI3L2, HCLSI, GMFG, SH3BP5, FXYD5

BP Regulation of protein secretion, T cell activation, Protein secretion, Protein localisation to
extracellular region, Regulation of leukocyte cell—cell adhesion

CC Vesicle lumen, Collagen-containing extracellular matrix, External side of plasma membrane,
Cytoplasmic vesicle lumen, Extrinsic component of synaptic membrane

MF Cytokine receptor activity, Extracellular matrix structural constituent, Cytokine binding, Immune
receptor activity, Glycosaminoglycan binding, Receptor ligand activity, Signalling receptor
activator activity, Cytokine activity

KEGG Intestinal immune network for IgA production, Haematopoietic cell lineage, Amoebiasis, Th17 cell
differentiation, Cytokine—cytokine receptor interaction, Rheumatoid arthritis, Inflammatory bowel
disease, B cell receptor signalling pathway, NF-kappa B signalling pathway

Effective drugs Anti-TNF-a antibodies, Ustekinumab

Subgroup II

Clinical features UCSS score (Low), Disease extent (limited), Colorectal cancer predisposition

Specific gene SLC4A4, EPB41L4B, PLCEI, SAMDI3, XK, PANK3, ENTPDS5, OCLN, GPDIL, PXMP?2

BP Fatty acid catabolic process, Cellular respiration, Monocarboxylic acid catabolic process

CcC Apical part of cell, Apical plasma membrane, Mitochondrial matrix, Mitochondrial inner
membrane, Peroxisome

MF Electron transfer activity, Oxidoreductase activity, Phosphoric ester hydrolase activity

KEGG Peroxisome, Non-alcoholic fatty liver disease, Diabetic cardiomyopathy, PPAR signalling
pathway, Thermogenesis

Effective drugs 5-ASA

BP: biological process; CC: cellular component; KEGG: Kyoto Encyclopedia of Genes and Genomes; MF: molecular
function; PPAR: proliferator-activated receptor; TNF: tumor necrosis factor; UCSS: ulcerative colitis scoring system; 5-ASA:
S-aminosalicylic acid; Ig, immunoglobulin.
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Figure 8. Heatmap showing the relationships between KEGG pathways and subgroups. KEGG, Kyoto Encyclopedia of

Genes and Genomes.

there were more smokers in subgroup II than in
subgroup I. Smoking is a risk factor for UC®,
However, UC attack, drug dose, and risk of ho-
spitalization and colon resection are similar in
smokers and non-smokers with UC, and smoking
cessation does not affect disease severity'.

The IL-21 gene (IL-21) comprises nine exons,
spanning approximately 20 kb of genomic DNA
on human chromosome 16p11%°. IL-21 is a cytoki-
ne produced by follicular helper T cells that
regulates innate and adaptive immune respon-
ses?’. This protein exerts its effects by binding
to a heterodimeric receptor consisting of the
class I cytokine family receptor IL-21R and the
common Yy chain receptor®. 1L-21 regulates T,
B, and natural killer lymphocyte growth and
functional activity?'. Furthermore, IL-21 controls
the activity of intestinal epithelial cells and fibro-
blasts and is regarded as an important mediator
of communication between immune cells and
non-immune cells®. It plays a key role in various
inflammatory bowel disease (IBD) conditions®*?.
Sarra et al® found that /L-21 expression is enhan-
ced in IBD and that IL-21 is mainly produced by
CD4* T intestinal lamina propria lymphocytes

co-expressing Interferon-gamma (IFNy). In UC,
IL-21 expression is also increased®. In wild-type
mice treated with sodium dextran sulphate to
induce UC, the use of anti-/L-2] reduced colonic
invasion of follicular helper T cells and mucosal
damage?’. The significant difference in [L-21
expression in subgroup I suggests that subgroup |
is related to immune infiltration.

The GO analysis of subgroup I resulted in terms
related to T cell activation and cytokine activity.
In UC, large numbers of T lymphocytes that are
activated and secrete various cytokines infiltrate
and aggregate in inflammatory tissues and play a
major role in disease pathogenesis?. In vivo and in
vitro studies® have shown that the T cell response
in UC is dominated by type 2 T helper cells that
produce 1L-4, IL-5, and IL-13. Tissue damage re-
sults from the interaction with cytokines and cells,
including antigen-presenting cells, T helper cells,
regulatory T cells, and natural killer T cells. These
cells regulate and inhibit inflammation and play an
extremely important role in UC™¥.

In the pathological process of UC, several in-
flammatory cell types produce inflammatory
cytokines. Ample experimental and clinical
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evidence® shows that the onset and progression
of UC involve a multifactorial process mainly
manifested in immune response disorders and epi-
thelial barrier defects. When the microfold cells in
the intestinal epithelium recognize exogenous an-
tigens, they activate immune cells (e.g., B, T, and
dendritic cells) in the Peyer’s patches. This results
in antigen-antibody reactions and eventually leads
to the progressive injury of the intestinal endothe-
lium. Based on research on molecularly targeted
drugs, immune cells and soluble ligands (such
as cytokines) are considered important targets
for the treatment of UC*. For example, in UC,
tumor necrosis factor (TNF)-a induces proinflam-
matory effects, including necrosis, activation of
macrophages and T cells, and injury of epithelial
cells*. Therefore, anti-TNF-o antibodies play an
important role in treating inflamed mucosa. IL-23
is a heterodimeric cytokine produced mainly by
inflammatory myeloid cells*. IL-12 shares the
p40 subunit with IL-23 and can stimulate the dif-
ferentiation of naive CD4" T cells into Thl cells.
IL-23 mainly induces naive CD4" T cells to diffe-
rentiate into Th17 cells*. The pivotal role of Th-17
cells and their pathways in the development of UC
has been confirmed*. Therefore, blocking IL-12
and IL-23 can effectively treat chronic intestinal
inflammation in UC. Ustekinumab is a human
IgGlx monoclonal antibody that specifically binds
to the shared p40 protein subunits of 1L.-12 and
IL-23. Blocking the binding of the IL-12 receptor
(IL-12R) on the surface of immune cells to p40
inhibits the biological activity of human IL-12
and IL-23, thereby inhibiting the production of
Thl- and Thl7-related cytokines. This has been
reported’” as an effective treatment for patients
with moderate to severe UC. Therefore, it is infer-
red that anti-TNF-a antibodies and ustekinumab
could be effective for patients in subgroup I.

The solid carrier family 4 member 4 (SLC4A4)
gene encodes a Na'/HCO,-cotransporter and par-
ticipates in the secretion and absorption of sodium
bicarbonate to maintain the acid-base balance in
the body*®. SLC444 plays a role in tumor onset
and development. In colorectal cancer, SLC4A4
expression is significantly downregulated, which
is associated with poor prognosis, lymph node
invasion, and distant metastasis®. Through the
overexpression of SLC4A44, it has been found*
that high levels of SLC4A44 significantly inhibit
colorectal cancer cell proliferation and migration
and promote cancer cell apoptosis. Therefore,
SLC4A44 is considered a potential biomarker of
colorectal cancer. As SLC4A44 is a highly abundant
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bicarbonate transporter in cancer cells, the accu-
mulation of bicarbonate in the extracellular space
and reduction in glycolysis leads to a reduction
in lactic acid production, which can alleviate
acidosis®®. The overall risk of colorectal cancer in
patients with UC is approximately 7% 20 years
after UC onset and 30% after 35 years*. In our
study, SLC444 was the most significant DEG
among subgroup II-specific genes, indicating that
patients with UC in subgroup Il may have a higher
risk of colorectal cancer than those in subgroup I.
S-aminosalicylic acid (5-ASA) is a peroxisome
proliferator-activated receptor y (PPAR-y) agonist.
In 1962, it was found* that sulfasalazine, composed
of sulfapyridine and 5-ASA linked via an azo bond,
could be used to treat mild to moderate UC. To date,
it is widely used as the first-line drug for UC tre-
atment. In mice with dextran sulphate-treated UC,
5-ASA activates PPAR-y signalling in the intestinal
epithelial cells to improve colitis®. In addition to im-
proving inflammation, 5-ASA reduces the number
of Escherichia coli cells in the fecal flora of patients
with UC and inhibits the growth of this bacterium*.
According to the GO and KEGG analyses, peroxiso-
me, PPAR-y signalling, and oxidoreductase activity
were closely related to subgroup II, indicating that
5-ASA may be effective in patients in subgroup IL

Limitations

This study has some limitations. First, the
results of this study need to be verified through
in vivo and in vitro experiments. Second, the
collected datasets do not contain clinical infor-
mation such as patient sex and ethnicity. Future
research should aim to provide a more com-
prehensive analysis of the datasets. Third, this
study only focused on transcriptomics, which ne-
eds to be combined with genomics methods, such
as metabolomics and proteomics, to gain a more
comprehensive understanding of the molecular
mechanism underlying UC. These shortcomings
should be addressed in future studies.

Conclusions

We used transcriptome data to classify pa-
tients with UC into two subgroups. The specific
genes in subgroup | were /L2IR, ATP8B2, and
PLEKHOI. Severe disease tended to be asso-
ciated with immune cell infiltration. The genes
specific to subgroup 11 were SLC4A44, EPB41L4B,
and PLCEI. The clinical conditions in this group
were mild, but patients in this group may be more
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likely to develop colorectal cancer, and 5-ASA
may be effective for the treatment of UC in this
group. Our results provide molecular evidence
for the development of diagnostic methods and
individualized treatment of UC.
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