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Background: Ulcerative colitis is an emerging global health concern that poses a
significant threat to human health and can progress to colorectal cancer if not
diagnosed and treated promptly. Currently, the biomarkers used clinically for
diagnosis and dynamic severity monitoring lack disease specificity.

Methods: Mouse models induced with 2%, 2.5%, and 3% DSS were utilized to
simulate human UC with varying severities of inflammation. Transcriptome
sequencing technology was employed to identify differentially expressed
genes (DEGs) between the control group and each treatment
group. Functional enrichment analysis of the KEGG database was performed
for shared DEGs among the three treatment groups. DEGs that were significantly
and strongly correlated with DSS concentrations were identified using Spearman
correlation analysis. Human homologous genes of the interested DEGs were
searched in the HomoloGene database, and their regulation patterns in UC
patients were validated using the GSE224758 dataset. These genes were then
submitted to the DisGeNET database to identify their known associations with
human diseases. Online tools, including SignalP 6.0 and DeepTMHMM 1.0, were
used to predict signal peptides and transmembrane helices in the amino acid
sequences of human genes homologous to the DEGs of interest.

Results: A total of 1,230, 995, and 2,214 DEGs were identified in the 2%, 2.5%, and
3% DSS-induced groups, respectively, with 668 DEGs common across all three
groups. These shared DEGs were primarily associated with signaling transport,
pathogenesis, and immune response. Through extensive screening, LGI2 and
PRSS22were identified as potentially novel biomarkers with higher specificity and
ease of detection for the early diagnosis and dynamic severity monitoring of
human UC, respectively.

Conclusion: We have identified two potentially novel biomarkers, LGI2 and
PRSS22, which are easy of detection and more specific for human UC. These
findings provide new insights into the accurate diagnosis and dynamicmonitoring
of this persistent disease.
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1 Introduction

Ulcerative colitis (UC) is a chronic, non-specific inflammatory
disease of the intestines, primarily affecting the mucosa of the colon
and rectum (Gros and Kaplan, 2023). Clinically, it presents as
abdominal pain, diarrhea, and stools mixed with mucus, pus, and
blood (Guo and Wang, 2023). Atypical symptoms such as skin
lesions and growth restriction may also occur in children (Yu and
Rodriguez, 2017). UC is characterized by its recurrent nature and
incurability (Le Berre et al., 2023). Compared to the general
population, patients with UC have a 1.7-fold higher risk of
developing colorectal cancer (Gros and Kaplan, 2023) and a
reduced average life expectancy of approximately 5 years
(Kuenzig et al., 2020). Historically prevalent in Western countries
(Studd et al., 2016), UC incidence is now rapidly increasing in East
Asian countries due to changes in diet and lifestyle (Ng et al., 2016),
making it a global health threat (Kaplan and Ng, 2017; Li et al., 2023;
Zhou et al., 2023). Early and accurate diagnosis is imperative for
controlling the progression of UC.

The clinical diagnosis of UC typically involves a combination of
gastrointestinal symptoms, colonoscopy or sigmoidoscopy with
biopsies, and biomarkers (Golovics et al., 2022; Singh et al.,
2023) such as C-reactive protein (CRP) (Ishida et al., 2021),
erythrocyte sedimentation rate (ESR) (Alper et al., 2017) and
fecal calprotectin (FC) (Kawashima et al., 2023). However, early-
stage UC may not present obvious clinical symptoms. While
colonoscopy or sigmoidoscopy is the most accurate method of
examining colonic inflammation (Spiceland and Lodhia, 2018),
these procedures are invasive and uncomfortable for patients.
Although intestinal ultrasound is a new screening tool (de Voogd
et al., 2022), it is not universally applicable, particularly for obese UC
patients. In contrast, biomarkers are non-invasive, sensitive, disease-
specific, easy to perform, and low-cost. CRP and ESR levels are
moderately correlated with UC endoscopic activity, with correlation
coefficients of 0.5 and 0.4, respectively. Their sensitivity and
specificity for UC ranged from 50.5% to 53.3% and 68.7%–71.3%
for CRP, and 85.1% to 87.2% and 63.4% to 66.4% for ESR (Yoon
et al., 2014). These findings suggest that CRP or ESR alone is
insufficient to accurately reflect endoscopic severity. FC, a marker
for neutrophilic intestinal inflammation, has a higher correlation
with endoscopic activity than CRP and ESR (Turner et al., 2021) but
is not specific for UC. Its use has been investigated in other specific
disorders (Burri and Beglinger, 2014), including colorectal cancer
(Ye et al., 2018). Therefore, there is a need for novel biomarkers with
improved sensitivity, specificity, and potential for early diagnosis
and assessment of inflammation severity in UC.

Mice are efficient and well-parallelized animal models due to
their small size, short generation cycles, and minimal inter-
individual differences (Justice and Dhillon, 2016). Their
physiology, biochemistry, and developmental processes are
similar to those of humans, with 98% of their genomes being
homologous to humans. Consequently, many mouse models can
realistically simulate the pathogenesis of human diseases (Celhar
and Fairhurst, 2017; Sarkar and Heise, 2019) and their responses to
drugs (Costa et al., 2018). The dextran sulfate sodium (DSS)-
induced mouse model, which closely mimics human UC in terms
of intestinal lesions, is widely used for studying pathogenesis and
evaluating drug efficacy in human UC (Li et al., 2019; Arda-Pirincci

and Aykol-Celik, 2020; Huang et al., 2020; Lin et al., 2020). A
previous study observed that the severity of UC inflammation
aggravated with increasing concentrations of DSS (Almutary
et al., 2023), suggesting that human UC with different
inflammation severities can be mimicked by establishing mouse
models induced by varying DSS concentrations.

Transcriptome sequencing technology, which provides data on
gene expression levels across all genes in a sample, is a powerful
tool for identifying changes in gene expression profiles under
different conditions, such as health or disease (Yang et al., 2016). It
offers comprehensive insights into genes with significant expression
changes, likely involved in disease pathogenesis (Mutryn et al., 2015;
Jung et al., 2017) and serves as a method for discovering novel
biomarkers or therapeutic targets (Satoh et al., 2014; Kohli et al.,
2015; Liang et al., 2015). Therefore, it is possible to combine mouse
models induced by different DSS concentrations with transcriptome
sequencing to explore potentially novel biomarkers suitable for early
diagnosis and inflammation severity assessment of human UC.

In the current study, a mouse UC model induced by 2%, 2.5%,
and 3% DSS was established as a research platform. Differentially
expressed genes (DEGs) were comprehensively revealed using
transcriptome sequencing technology and comparative analysis.
These DEGs were subsequently filtered based on criteria such as
consistency of regulation patterns in UC patients, sensitivity to mild
UC, strong correlation with DSS concentrations, minimal
association with other human diseases, and secretability. The aim
was to uncover novel potential biomarkers with properties specific
to human UC and ease of detection, providing new insights into the
accurate diagnosis and monitoring of human UC.

2 Materials and methods

2.1 Animal experimentation and
ethic statement

Thirty-two healthy, 8-week-old male C57BL/6J mice, each
weighing 20–22 g, were acquired from SiPeiFu Biotechnology Co.
Ltd. (Beijing, China). The mice were housed under standard
conditions (26°C, ventilated, clean environment) with ad libitum
access to food and distilled water. After a 1-week acclimatization
period, the mice were randomly divided into four groups of eight,
ensuring no significant differences in body weight among the
groups. The experimental design included a control group
receiving distilled water and three treatment groups administered
distilled water containing 2%, 2.5%, and 3% DSS (MP Biomedicals,
United States), respectively. All groups were maintained under
consistent environmental conditions for an additional week. The
animal study protocol above was approved by the Ethics Committee
of the Chongqing Academy of Animal Science (protocol code
SM20210076, approved on 18 March 2021).

2.2 Assessing general condition and disease
activity index in mice

The body weights of the mice were recorded daily at a consistent
time. The weight loss rate was then calculated and scored as
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S1 according to the criteria outlined in Table 1. Stool characteristics
were observed and scored as S2, also based on the criteria in Table 1.
The presence of occult blood in feces was evaluated using a detection
kit and scored as S3, following the same table. The Disease Activity
Index (DAI) was determined using the equation DAI = S1 + S2 + S3

3 .

2.3 Harvesting and damage evaluating
colon tissues

Upon completion of the experimental modeling, the mice were
euthanized via cervical dislocation. The colon tissues were then
excised, gently rinsed with sterile saline, and dabbed dry with paper
towels. Subsequently, the length of the colon tissue was measured
and documented. Each colon was sectioned into four equal parts.
Approximately 1 cm from the third segment of each colon was fixed
in 4% neutral-buffered formalin, followed by paraffin embedding.
The sections were stained with hematoxylin and eosin (H&E) for
histological examination. Images of these sections were acquired
using a Pannoramic 250 digital slide scanner to assess the extent of
lesions within the colon tissue. Lesion scoring was conducted based
on the criteria outlined in Table 2.

2.4 RNA extraction and sequencing of
colon tissues

Total RNA was extracted from the second segment of colon tissue
using TRIzol (Thermo Fisher Scientific). The concentration, purity, and
integrity of the RNA were evaluated using a Nanodrop ND-1000
Spectrophotometer (Thermo Scientific, Wilmington, DE,
United States) and an Agilent Bioanalyzer 2100 (Agilent, CA,
United States). Six total RNA samples were randomly selected from
the control group and each of the treatment groups (Supplementary

Table S1) and sent to MajorBio Biomedical Technology Co., Ltd.
(Shanghai, China) for mRNA library construction according to
following steps: 1) Isolation of mRNA using magnetic beads coated
with Oligo (dT); 2) Fragmentation of mRNA by adding fragmentation
buffer, followed by isolation of approximately 300 bp fragments
through magnetic bead screening; 3) Synthesis of double-stranded
cDNA using the small mRNA fragments as templates, employing
reverse transcriptase and six-base random primers; 4) End repair of
double-stranded cDNA, addition of an “A” base at the 3′ end, and
ligation to the Y-junction adapter; 5) Enrichment of the library via PCR
amplification and isolation of target bands through agarose gel
electrophoresis; 6) Quality checking of the library using an Agilent
Bioanalyzer 2100 (Agilent, CA, United States). Subsequently, paired-
end (PE) sequencing of the mRNA libraries was performed on the
Illumina Novaseq 6000 platform.

2.5 Transcriptomic data processing
and analysis

Quality control of the raw data was performed using Fastp
software (version 0.19.5) (Chen et al., 2018). Adapter sequences,
low-quality bases, sequences containing ambiguous bases, and those
shorter than 30 bp were eliminated, resulting in clean reads. These
clean reads were aligned to the reference genome (GRCm38.p6)
using HiSat2 software (version 2.1.0) (Kim et al., 2019) to determine
the overall mapping rate. Subsequently, the number of reads aligned
to each gene was calculated using RSEM software (version 1.3.3) (Li
and Dewey, 2011). Differential expression analysis between the DSS-
treated groups and the control group was conducted using
DESeq2 software (version 1.24.0) (Love et al., 2014), employing
filtering criteria of |log2FC| ≥ 1 and Padjust <0.05. Pathway
enrichment analysis for the set of differentially expressed genes
(DEGs) was performed using the Python Scipy software package.

TABLE 1 Scoring criteria for the rate of weight loss, stool traits, and the extent of occult blood.

Score Weight loss (%) Stool traits The extent of occult blood

0 0 Normal No blue-green coloration within 3 min

1 1~5 Loose Gradually blue coloration in 1–2 min

2 6~10 Semi-sloppy Blue-green coloration within 1 min

3 11~15 Watery Blue-green coloration within 10 s

4 >15 Severe diarrhea Immediately dark blue coloration

TABLE 2 Scoring criteria for colon tissue injury.

Score Inflammatory cell infiltration
degree

Degree of inflammatory
infiltration

Degree of intestinal crypt
destruction

Range of
lesions (%)

0 No No No No

1 Light Mucous membrane layer 1/3 crypt of basal destroyed 1–25

2 Middle Sub-mucous membrane layer 2/3 crypt of basal destroyed 26–50

3 Heavy Muscular and plasma membrane layers Complete surface epithelium only 51–75

4 — — All crypt and surface epithelium destroyed 76–100
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2.6 Identifying and validating human
homologous genes in UC patients

The names of the interested genes were uploaded to the
HomoloGene database (https://www.ncbi.nlm.nih.gov/datasets/
gene/) to obtain the corresponding human homologous genes. A
search in the GEO database (https://www.ncbi.nlm.nih.gov/geo/)
(Barrett et al., 2013) for datasets related to human UC identified
GSE224758 as the target dataset. In this dataset, 5 healthy volunteers
were designated as the “healthy group,” and 12 UC patients were
designated as the “UC group.” The data were further analyzed using
GEO2R to determine the regulation patterns of the human
homologous genes of interest in UC patients.

2.7 Summarizing disease associations of
human homologous genes

The names of the interested human homologous genes were
queried in the DisGeNET database (https://www.disgenet.com/)
(Pinero et al., 2020) to investigate their known associations with
various human diseases. Additionally, a literature retrieval was
conducted in the Web of Science database to identify recent
associations (post-2019) between these genes and human
diseases. The findings were meticulously summarized.

2.8 Predicting signal peptides and
transmembrane helices in human
homologous genes

All amino acid sequences corresponding to the human
homologous genes were downloaded from the NCBI database.
These sequences were then uploaded to the SignalP 6.0 service
(https://services.healthtech.dtu.dk/services/SignalP-6.0/) (Almagro
et al., 2019; Teufel et al., 2022) for signal peptide prediction and
to the DeepTMHMM 1.0 service (https://services.healthtech.dtu.dk/
services/DeepTMHMM-1.0/) for transmembrane helices
prediction.

2.9 Statistical methods

Differences between groups were analyzed using one-way
ANOVA followed by Duncan’s multiple comparison test,
utilizing SPSS software version 26.0. Spearman’s correlation
coefficients were computed, simple regression lines fitted, and
visualizations generated using GraphPad Prism version
8.0 software.

3 Results

3.1 Severity of inflammation in UC model at
different DSS concentrations

In this study, typical indicators including body weight, disease
activity index (DAI), colon length, and injury scores were utilized

to evaluate the extent of inflammation in a mouse UC model
induced by varying concentrations of DSS. During the
experimental period, control group mice exhibited a consistent
increase in body weight, whereas a decline was observed on days
4–5 in the three DSS-treated groups. By day 6, the body weight of
mice in the 3% DSS group was significantly lower than that of the
control group (p < 0.01). By day 7, the body weights in all
treatment groups were significantly reduced compared to the
control (P < 0.05 for the 2% DSS group, P < 0.01 for both the
2.5% and 3% DSS groups). The loss in final body weight was
greatest in the 3%DSS group, followed by the 2.5% and then the 2%
DSS group (Figure 1A). Throughout the study, control group mice
maintained low DAI values, while those in the treatment groups
exhibited a significant increase. From day 4 onwards, DAI values in
the treatment groups were significantly higher than those in the
control group (P < 0.05), with the greatest increase observed in the
3% DSS group, followed by the 2.5% and 2% DSS groups
(Figure 1B). Post-experiment dissection revealed significantly
shorter colon lengths in the treatment groups compared to the
control group (P < 0.05 for the 2% DSS group, P < 0.01 for the 2.5%
DSS group, and P < 0.001 for the 3% DSS group), with the
magnitude of reduction following the same order (Figure 1C).
Injury scores, based on inflammatory cell infiltration, crypt
destruction, and lesion extent, were notably higher in the
treatment groups than in the control group (P < 0.05), again
showing an increase correlating with DSS concentration
(Figure 1D). These findings collectively demonstrate that the
severity of inflammation in the treatment groups escalates with
increasing DSS concentration.

3.2 Summary of transcriptome sequencing
and differentially expressed genes

The raw reads per sample varied between 43,367,718 and
63,292,734, with raw data sizes ranging from 6.55 GB to 9.56 GB
and Q30 scores between 93.95% and 94.87%, indicating the high
quality of our transcriptome sequencing data. Following quality
control, clean reads were obtained, numbering between
43,044,648 and 62,845,704 per sample, resulting in clean data
sizes from 6.34 GB to 9.23 GB, with a total of 185.21 GB.
Alignment of the clean reads with the reference genome yielded
considerable alignment rates ranging from 93.03% to 96.6% per
sample (Supplementary Table S1). These mapped reads were
predominantly associated with 33,063 known mouse genes.

Comparative analysis revealed 810, 696, and 1,611 upregulated
differentially expressed genes (DEGs), and 420, 299, and
603 downregulated DEGs in the 2%, 2.5%, and 3% DSS-induced
mouse groups, respectively (Figure 2). Notably, compared to the
control group, there were 101 DEGs upregulated and 17 DEGs
downregulated by more than 10-fold in the 2% DSS-induced mouse
group. Among these, 39 DEGs with transcripts per million (TPM)
abundance differing by more than 10 between the two groups were
defined as “sensitive genes” for mild UC in this study (Figure 3;
Supplementary Table S2). Additionally, 668 DEGs were common
across all three treatment groups (Figure 4), underscoring their
stable regulation under varying DSS concentrations and highlighting
their potential role in UC pathogenesis.
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3.3 KEGG pathway enrichment of shared
DEGs and their correlation with DSS
concentrations

Among the 668 shared DEGs, 440 (65.86%) were annotated
using the KEGG database. Pathway enrichment analysis
indicated that these genes primarily function in signal
transduction, pathogenesis, and immune response (Figure 5).
Key pathways within signal transduction included cytokine-
cytokine receptor interaction, TNF signaling, and NF-kappa B
signaling. For pathogenesis, significant pathways involved
malaria and inflammatory bowel disease. In the immune
response category, crucial pathways were the IL-17 signaling,
Toll-like receptor signaling, and the complement and
coagulation cascades.

Spearman correlation analysis revealed that the expression levels
of 86% (575/668) of the shared DEGs had a significant correlation
with DSS concentration (P < 0.05). Notably, 161 of these DEGs had a
correlation coefficient with an absolute value greater than 0.6

(Supplementary Table S3), suggesting a strong correlation with
UC severity. These were defined as “strong-correlation genes” in
this study. The top five positive strong-correlation genes were Arg2,
C7, Rhov, Kif26b, and Angptl4, while the top five negative strong-
correlation genes were Dnah5, Fut9, St3gal6, Capsl, and
Crisp3 (Figure 6).

3.4 Consistently regulated genes in mouse
model and UC patients

Utilizing the GSE224758 dataset, which contains gene
expression profile of colon biopsies from 12 UC patients and
5 healthy volunteers, we verified whether the regulation patterns
of “sensitive genes” and “strong-correlation genes” in human were
consistent with those in the mouse model. There were 27 “sensitive
genes” with human homologs. Except for Hp, Il1r2, Ereg, Itln1, and
Pla2g4c, the homologs of the remaining “sensitive genes” (81.5%)
showed a consistent regulation pattern in UC patients as observed in

FIGURE 1
Body weight (A), disease activity index (B), colon length (C), and injury score (D) of each group. All results are presented as mean ± standard error
(n = 8). The legends for Figures A and B are consistent. Groups sharing the same letter do not exhibit significant differences, whereas distinct letters
indicate significant variations.
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the 2% DSS-induced mice group (Figure 7A; Supplementary Table
S4). Within the “strong-correlation genes,” 115 had human
homologs, of which 81 (70.4%) displayed a consistent regulation
pattern in UC patients with those in the 3% DSS-induced mouse
group (Figure 7B; Supplementary Table S5). These findings suggest
that the DSS-induced mouse model effectively mimics the
development pattern of human UC to a large extent. Only these
“consistent genes” were retained for further analysis.

3.5 Disease associations of
“consistent genes”

Querying the human homologs of all “consistent genes” in
the DisGeNET database revealed that 31 of them, including

Ccl3, Slc26a3, Col18a1, Angptl4, Mmp9, Cd68, Ccl4, Rel, Pla2g7,
Ifitm1, Lcn2, Il1b, Il1a, Nlrp3, Tgm2, Trem1, S100a8, S100a9,
Cxcl2, Clec7a, Timp1, Il11, Il6, Sell, Cxcl5, Cxcl1, Ccl2, Lrg1,
Mmp3, Mmp10, and Mmp13, had confirmed associations with
human UC. The number of human diseases other than UC
linked to these confirmed “consistent genes” varied between
41 and 1,824. The remaining 61 “consistent genes,” potentially
novel indicators of human UC identified in this
study, were associated with 0–438 human diseases
(Supplementary Table S6). Combining with the post-2019
literature retrieval, 17 “consistent genes” were found to be
associated with fewer than 10 human diseases (Figure 8;
Supplementary Table S7), suggesting they might be more
specific to human UC than other genes. These were defined
as “more specific genes”.

FIGURE 2
Number of DEGs in the 2% (A), 2.5% (B), and 3% (C) DSS-induced groups. The horizontal axis represents log2 fold change (log2FC), and the vertical
axis represents the negative logarithm to the base 10 of the adjusted p-value (-log10(Padjust)). DEGs are identified with criteria of |log2FC| ≥ 1 and
Padjust < 0.05.

FIGURE 3
Expression levels of ‘sensitive genes’ formild UC in the control and 2%DSS-inducedmouse group. Data for each gene are expressed asmean ± SEM.
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3.6 Signal peptides and transmembrane
helices in “more specific genes”

For the 17 “consistent genes” that were more specific to human
UC identified above, we analyzed the presence of signal peptides and
transmembrane helices within the amino acid sequences of their
human homologous genes. Ultimately, human genes homologous to
Mmp27, Wfdc12, Cpz, Lgi2, and Prss22 were found to habour a
signal peptide while lacking transmembrane helices, predicting their
translation products as secreted proteins (Figure 8;
Supplementary Table S8).

4 Discussion

Ulcerative colitis (UC), increasingly recognized as a global
health concern, significantly impacts human health and quality of
life. This condition results in colonic mucosal damage and
histological lesions in the intestine, clinically manifested by
symptoms such as weight loss, diarrhea, blood in feces, and
reduced colon length. Consequently, indicators such as body
weight changes, the Disease Activity Index (DAI), colon length,
and injury scores are widely used in colitis research to assess the
severity of inflammation in UC (Liu et al., 2021; Deng et al., 2022;
Chen et al., 2023; Ren et al., 2023). Based on these indicators, this
study assessed inflammation severity in mouse groups treated with
2%, 2.5%, and 3% DSS solutions, revealing a correlation between
increased DSS concentrations and heightened inflammation. This
finding is consistent with another study employing a gradient of
1.5%, 2.5%, and 3.5% DSS (Almutary et al., 2023), which further
confirmed the effectiveness of mouse UC models induced by
different DSS concentrations in simulating the progression of UC
from mild to severe stages.

As the treatment group with the lowest severity of inflammation
in this study, through transcriptome sequencing and comparative
analysis, we identified 1230 genes whose expression levels were
significantly regulated in the colon tissues of mice belonging to the
2% DSS-induced treatment group in comparison with the control
group, predicting their potential as biomarkers for the early
diagnosis of UC. In order to select the ones that were more
sensitive to early symptoms, we set a higher threshold for fold
change as well as a difference in TPM abundance, finally obtaining
39 “sensitive genes” that satisfied the screening conditions. To verify
their applicability to human UC, we validated their regulation
patterns in the UC patients from dataset GSE224758 and found

FIGURE 4
Distribution of shared and unique genes among the three sets
of DEGs.

FIGURE 5
KEGG pathway enrichment analysis for shared DEGs. Dot size reflects the number of genes associated with a given pathway, while dot color
indicates the pathway’s classification within the KEGG database. Only the top 20 pathways, based on enrichment factors, are included.
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that 81.5% of the genes were consistent, which were further used as
candidates for early diagnostic biomarkers of human UC. Searching
DisGeNET, a database of known human gene-disease correlations
and evidence, revealed that the human homologs of Timp1, Angptl4,
Il11, Il6, Sell, Lcn2, Il1b, Cxcl5, Cxcl1, Ccl2, Lrg1, Mmp3, Mmp10,
Mmp13, S100a8, S100a9, and Cxcl2 were associated with human UC
(Supplementary Table S6). Among them, S100a8 and S100a9
encoding fecal calprotectin (Jukic et al., 2021; Iordache et al.,
2023) have been widely used as a biomarkers for human UC. In
the DisGeNET database, 298 and 287 human diseases were
associated with S100a8 and S100a9 (Supplementary Table S6),
respectively, which is consistent with the lack of specificity of
fecal calprotectin for the diagnosis of UC, as mentioned earlier.
These findings suggested that it is highly feasible and credible to
search for biomarkers for human UC through the method
we performed.

As the DisGeNET database only collected data before 2019, we
further investigated relevant reports after 2019 to accurately assess
the associations between the above “consistent genes” and human

diseases. Ultimately, LGI2 and WFDC12 fulfilled the screening
criteria. LGI2 belongs to the leucine-rich glioma-inactivated
(LGI) family (Marafi et al., 2022), whose mutations have been
associated with human epilepsy (Pakozdy et al., 2015). Further
studies have confirmed the overexpression of LGI2 in patients
with lung squamous cell carcinoma (Zeng et al., 2024) and in
non-melanoma skin cancer model mice (Sarwar et al., 2023).
WFDC12 has been demonstrated to play an immunomodulatory
and anti-inflammatory role through the inhibition of neutrophil
elastase (Andrade et al., 2021), and is upregulated in lesional
psoriatic skin, wounds, scars (Wang et al., 2019; Zhao et al.,
2022), epididymitis in mice (Andrade et al., 2021), and human
intestinal epithelial cells under Giardia infections (Rojas et al., 2022).
The clinical manifestations of these related diseases, except for
Giardia infection which presents as diarrhea, are easily
distinguishable from human UC. Moreover, based on the
presence of signal peptides and the absence of transmembrane
helices, LGI2 was predicted to be a secreted protein typically
detectable in the serum (Vathipadiekal et al., 2015), further

FIGURE 6
Top five genes showing the strongest positive (red) and strongest negative (blue) correlations with DSS concentrations. Expression levels in each
treatment group are presented as mean ± SEM. ***P < 0.001, ****P < 0.0001.

FIGURE 7
Regulation patterns of “sensitive genes” (A) and “strong-correlation genes” (B) in the mouse model and UC patients. The horizontal axis represents
the log2FC values of interested genes in UC patients, and the vertical axis represents their log2FC values in the mouse model. Pink points in the first and
third quadrants are “consistent genes”; gray points represent “inconsistent genes” and are excluded from further analyses.
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satisfying the easy-to-perform characteristic of biomarkers.
Altogether, these results suggested that LGI2 found in this study
was a potential biomarker with simultaneous sensitivity, specificity,
and ease-to-perform for the early diagnosis of human UC.

There were 668 genes that showed significant differential
expression levels in the colon tissues of mice with all three
severities of inflammation. Functional enrichment analysis
revealed that these DEGs were mainly involved in pathways
related to signal transduction, pathogenesis, and immune
response processes, including multiple signaling pathways such as
TNF, NF-κB, IL-17, and Toll-like receptor, as well as cytokine-
cytokine receptor interaction. TNF is a cell signaling protein
involved in systemic inflammation (Chu, 2013) and activates NF-
κB when cross-linked with its receptor (Seigner et al., 2018). Toll-
like receptors also activate NF-κB upon recognition of cellular stress
or injury through a cascading signaling process (Patel et al., 2019).
NF-κB can modulate the expression levels of several pro-
inflammatory cytokines (Akhtar et al., 2020; Gallucci et al., 2022;
Karabay et al., 2023), such as IL-17 (He et al., 2022; Wang et al.,
2024), which trigger the inflammatory response of the organism
through their interaction with the corresponding receptors.
Signaling pathways that were significantly modulated during
pathogenesis generally received the first consideration as
therapeutic targets in biologic therapies. Anti-TNF agents were
the first biologic therapies to treat moderate or serve UC
(Pugliese et al., 2017). Monoclonal antibodies against various
integrins such as IL-12 and IL-23 were another promising
biotherapeutic agents (Sands et al., 2019a; Sands et al., 2019b;
Sandborn et al., 2020). This suggested that the signaling
molecules that were sustainably regulated throughout the whole
development process of UC revealed in this study had the potential
to serve as biotherapeutic targets.

Given the positive correlation between UC inflammation
severity and DSS concentrations, the 161 DEGs whose expression

levels were strongly correlated with DSS concentrations were
considered to have potential for indicating UC inflammation
severity. Of these, only the human homologs of Mmp27, Cpz,
and Prss22 met both the screening criteria set in this study for
disease specificity and ease of detection. Although Spearman
correlation analysis indicated a significantly strong positive
correlation between their expression levels and the corresponding
DSS concentrations, the expression levels of the Mmp27 and Cpz
genes in the colon tissues of the 2.5% DSS group mice were lower
than those in the 2% DSS group, which may be due to the complex
regulatory mechanisms within the organism or the bias of the
expression data. The expression level of the remaining Prss22
gene increased steadily in strict accordance with the DSS
concentration gradient, eventually increasing 291-fold compared
to the control (Supplementary Table S3). PRSS22 was initially
identified as a member of the serine protease family, which plays
essential roles in various physiological processes such as immunity,
blood coagulation, cell migration, and the reconstitution of
extracellular matrices (Song et al., 2022). During the ongoing
development of UC, it will gradually increase the degree of fecal
occult blood in the patient. It can be hypothesized that the PRSS22
gene may act as a coagulation factor in the human organism, and its
elevated expression level may be in response to colon bleeding
signals. In addition, PRSS22 was also associated with colorectal
cancer (Solmi et al., 2006), revealing its importance in indicating
colonic disorders.

By comprehensive consideration of sensitivity, disease
specificity, and ease of detection, LGI2 and PRSS22 were
identified in this study as potential biomarkers for early
diagnosis and dynamic severity monitoring in human UC,
respectively. To date, these two genes had not been shown to
be associated with human UC, suggesting that this study provides
new insights into the accurate diagnosis and monitoring of
human UC. However, this study still has some limitations,

FIGURE 8
Disease associations and predicted structural features of 17 “more specific genes.” Lines indicate known gene-disease associations; pink squares
denote the presence of signal peptides (SP) or transmembrane helices (TMHs). Genes highlighted with yellow asterisks are predicted to produce
secretable proteins.
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including a relatively small research system, extrapolation based
on data analysis only at the mRNA level without further
validation, and a range of DSS concentration settings that may
not fully encompass both milder and more severe types of UC. In
the future, there is a need to validate our inferences in a larger
human research system. For example, testing whether serum
concentration of LGI2 protein can distinguish patients with
mild UC from healthy populations. Determining whether the
protein concentration of PRSS22 in the serum of UC patients at
different inflammatory severities correlates significantly and
strongly with colonoscopic activity, and if so, further
delimiting the range of its thresholds at different stages of UC.
This will advance their clinical applications in early diagnosis and
dynamic monitoring of human UC.

5 Conclusion

In conclusion, the present study has identified two potentially
novel biomarkers with higher specificity for human UC, which
provides new insights into the accurate diagnosis and dynamic
monitoring of this persistent disease.
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