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Abstract: Objective: In this study, we explored the potential mechanisms and the signaling pathways involved in the 
treatment of Ulcerative Colitis (UC) with imiquimod (IMQ). Methods: The UC mouse model was established by treat-
ing C57BL/6J mice with 3% Dextran Sulfate Sodium (DSS). Then, the UC-related symptoms were examined. Disease 
Activity Index (DAI) was estimated based on weight loss, stool consistency, and occult bleeding or hematochezia. 
Histological changes were evaluated by Hematoxylin and Eosin (H&E) staining. Furthermore, we used multiplexed 
Isobaric Tagging for Relative and Absolute Protein Quantification (iTRAQ) technique coupled with high-throughput 
liquid chromatography tandem mass spectrometry (LC-MS/MS) to determine the differentially expressed proteins 
(DEPs). Results: Administration of 3% DSS for 7 days induced acute colitis associated with diarrhea, hematoche-
zia, weight loss, and colon shortening. However, after IMQ administration, almost all the above symptoms were 
improved by different degrees. Specifically, the DAI, histological disorder, and colon shortening were attenuated. In 
iTRAQ analysis, a total of 4170 proteins were identified with a high confidence (≥ 95% confidence). The numbers 
of DEPs between the normal and UC model mice, between the normal and the IMQ-treated therapy mice, as well 
as between the model and the therapy mice were 317, 253, and 209, respectively. Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analyses revealed that the DEPs involved in the complement and co-
agulation cascades were downregulated in IMQ-treated therapy group. Conclusions: IMQ might ameliorate colitis by 
suppressing the complement and coagulation cascades pathway, which might serve as new therapeutic strategies 
for the treatment of patients with UC.

Keywords: iTRAQ, imiquimod, proteomics, ulcerative colitis, differentially expressed proteins

Introduction

Ulcerative Colitis (UC) is a chronic non-specific 
inflammatory disease in the colon that is char-
acterized by alternating relapsing and remitting 
mucosal inflammation, which starts at the rec-
tum and extends to the proximal colon [1]. In 
recent years, the incidence and prevalence of 
UC are increasing worldwide [2], and the 
patients with prolonged UC have an increased 
risk for colorectal cancer [3]. However, the etiol-
ogy and pathogenesis of UC remain to be 
defined due to its heterogeneity. Accumulating 
evidence has indicated the association of UC 
with immune system disorders, genetic factors, 
environmental factors, and microbial infection 
[4, 5]. Although many drugs are available to 

treat UC, most of them only relieve symptoms 
without a radical cure. Therefore, it is urgent to 
develop more effective drugs for the treatment 
of UC. 

Imiquimod (IMQ), a member of imidazoquino-
lines family, is an immune response modifier 
that acts as a Toll-like receptor 7 agonist [6]. 
Several studies have suggested that IMQ can 
stimulate the innate and adaptive immune 
responses as well as induce cytokine produc-
tion. Because of its antiviral, anti-tumor and 
immunoregulatory effects, IMQ has been widely 
used in in vitro and in vivo studies as well as 
tested in clinical trials, such as dermatology tri-
als [7, 8]. However, IMQ in the treatment of UC 
is rarely reported.
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Multiplexed Isobaric Tagging for Relative and 
Absolute Protein Quantification (iTRAQ) coupled 
with liquid chromatography tandem mass spec-
trometry (LC-MS/MS) has been one of the most 
popular methods for quantitative proteomics 
and has been employed in various areas as the 
advent of new proteomic techniques [9]. iTRAQ 
is suitable to all kinds of samples, and up to 8 
samples can be analyzed simultaneously by 
commercially available kits. In addition, iTRAQ 
is superior to traditional techniques with high 
sensitivity, high throughput, and high stability 
[10, 11].

In this study, iTRAQ-coupled LC-MS/MS was 
used to identify the differentially expressed 
proteins (DEPs) that were related to the thera-
peutic effect of IMQ in the mouse model of UC. 
Furthermore, bioinformatics analysis was per-
formed to annotate the protein function and to 
elucidate the mechanism underlying the thera-
peutic effect of IMQ. Hence, our findings shed 
light on the application of IMQ in the treatment 
of UC.

Materials and methods

Animals

Eight-week-old wild-type male C57BL/6J mice 
(18-22 g body weight) were purchased from 
Vital River Laboratory Animal Technology Co., 
Ltd. (certificate No. 32002100001086). Mice 
were housed in an SPF facility at the experi-
mental animal center of Renmin Hospital  
of Wuhan University (certificate No. SYXK(E) 
2019-0027) and acclimatized under standard 
conditions with a 12/12 h day/night cycle and 
free access to chow and water for a week 
before being used in an experiment. All animal 
experiments were performed strictly according 
to the China legislation regarding the use and 
care of laboratory animals and approved by the 
Wuhan University Animal Care Committee.

Drugs and reagents

Dextran sulfate sodium (DSS; molecular mass, 
36-50 kDa) and Imiquimod (IMQ) were pur-
chased from MP Biomedicals (Santa Ana, CA, 
USA) and TCI Development Co, Ltd. (Shanghai, 
China), respectively. The fecal occult blood  
test kit was obtained from Baso Bio Co., LTD. 
(Zhuhai, China). Paraformaldehyde and trypsin 
were obtained from GeneCreate Biological 
Engineering Co., Ltd. (Wuhan, China).

Experimental design

After 7 days of acclimatization, sixty mice were 
randomly divided into normal control (designat-
ed as Normal), UC model (Model), and IMQ-
treated therapy (Therapy) groups (n=20 per 
group). Mice the in Model and Therapy groups 
were fed with 3% DSS-containing drinking 
water for 7 consecutive days ad libitum to 
induce colitis. During the study period, mice in 
the Therapy group received a single oral gav- 
age of IMQ (30 mg/kg of body weigh) daily. An 
equal volume of sterile PBS was administrated 
to the Normal and the Model groups. The body 
weight, stool consistency, and hematochezia of 
mice were monitored daily to evaluate the 
Disease Activity Index (DAI). At day 8, mice  
were sacrificed by cervical dislocation, and the 
colons were dissected for further analysis. 
First, the length of colons was measured. Then, 
a part of the distal colon was fixed in 4% para-
formaldehyde for Hematoxylin and Eosin (H&E) 
staining, while the rest was frozen in liquid 
nitrogen and stored at -80°C for proteomic 
analysis.

DAI assessment

The DAI was assessed by weight loss, stool 
consistency, and occult bleeding or hemato-
chezia according to the scoring system (Table 
1) [12]. The DAI was calculated as the sum of 
these three scores.

Histopathological assessment

Briefly, colon tissues were dissected, fixed, 
dehydrated in xylene, embedded in paraffin, 
and sectioned for H&E staining. The degree of 
colon injury was assessed by histopathology 
examinations on the infiltration of inflammatory 
cells, the depth of the lesions, and the destruc-
tion degree of the crypt structure. The level of 

Table 1. Assessment of the DAI

DAI score Weight 
loss (%)

Stool  
consistency

Occult/gross 
bleeding

0 None Normal Normal
1 1-5
2 5-10 Loose stools Hemoccult positive
3 10-20
4 > 20 Diarrhea Gross bleeding
DAI, disease activity index.
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disease was graded according to the scoring 
system described by Dieleman et al. [13]. 

iTRAQ proteomics analysis

To prepare samples for iTRAQ proteomics anal-
ysis, the twenty colon tissues from each group 
(Normal, Model, and Therapy) were randomly 
divided into two subgroups (n=10 per group), 
namely Normal 1 and 2, Model 1 and 2, and 
Therapy 1 and 2. Thus, each sample was a pool 
of ten tissues, and samples from each group 
had two biological repeats.

The proteins from these 6 samples were 
extracted using the acetone method [14] and 
quantified using the Bradford method [15]. 
Then, 100 μg of protein was reduced, alkylated, 
and digested with trypsin overnight at 37°C,  
followed by labeling with iTRAQ Reagent-8 plex 
Multiplex Kit (AB Sciex U.K. Limited) according 
to the manufacture’s protocol. Briefly, the 6 
samples were labeled with the iTRAQ tags as 
the Normal (115 and 116 tags), Model (117 
and 118 tags), and Therapy (119 and 121 tags) 
groups. Equal amount from each labeled sam-
ple was mixed and fractionated by high perfor-
mance liquid chromatography (HPLC) system 
(Thermo DINOEX Ultimate 3000 BioRS) using  
a Durashell C18 (5be, 100 Å, 4.6×250 mm). At 
the end, 12 fractions were collected and dried 

sequences were blasted with Gene Onto- 
logy (GO) Terms (http://geneontology.org/), in- 
cluding biological process, cellular component, 
and molecular function. In addition, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
pathway (http://www.kegg.jp/kegg/pathway.ht- 
ml) analysis was also performed to determine 
pathway enrichment. Clusters of Orthologous 
Groups of Proteins System (COG, http://www.
ncbi.nlm.nih.gov/COG/) was used for the func-
tional annotation of genes from new genomes 
and to study the genome evolution.

Statistical analysis

All statistical analysis was performed using 
SPSS 25.0 software. The data were presented 
as the mean ± standard deviation (SD). 
Comparison among groups was conducted by 
one-way analysis of variance (ANOVA), while 
Student’s t tests were used for comparison 
between groups. P-value < 0.05 was consid-
ered statistically significant.

Results

The effects of IMQ on DSS-induced colitis 

In this study, treating mice with DSS success-
fully induced acute UC, as indicated by the obvi-
ous diarrhea, hematochezia, weight loss, which 

Figure 1. The workflow of the iTRAQ-based proteomic analysis. iTRAQ, Iso-
baric Tagging for Relative and Absolute Protein Quantification. LC-MS/MS, 
liquid chromatography tandem mass spectrometry. 

in a vacuum concentrator. 
Subsequently, LC-MS/MS an- 
alysis was performed on the 
AB SCIEX nanoLC-MS/MS (Tri- 
ple TOF 5600 plus) system. 
The workflow of the iTRAQ-
based proteomic analysis is 
shown in Figure 1.

Bioinformatics analysis

The original MS/MS data were 
submitted to ProteinPilot Soft- 
ware version 4.5 (AB SCIEX) 
for data analysis. Only pro-
teins with at least one unique 
peptide and unused value of 
more than 1.3 were extracted 
for further analysis. A ratio of 
≥ 1.5 or ≤ 0.67 and p-value ≤ 
0.05 were considered differ-
entially expressed. To predict 
the functions of the identified 
proteins, the identified protein 
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could be ameliorated by IMQ treatment. 
Specifically, while the body weight of mice in 
the Model group was significantly decreased 
(Figure 2A and 2B) compared to the control 
mice (P < 0.01), IMQ treatment increased their 
body weight (P < 0.01). Similarly, although the 
colon length of mice in the Model group was 
significantly shorter (Figure 2C) compared to 
control mice (P < 0.01), IMQ could attenuate 
this effect (P < 0.05). In addition, the mice in 
the Model group had a significantly increased 
DAI score (Figure 2D) which was decrease in 
IMQ-treated mice (P < 0.01).

IMQ ameliorates histological damage in DSS-
induced colitis

As shown in Figure 3A, the control mice exhib-
ited an intact colon structure. In contrast, the 

mice in the Model group displayed a disordered 
colon structure with a loss of colonic epithelial 
cells, mucosal ulcerations, the destruction of 
crypt architecture, and an extensive inflamma-
tory cell infiltration (Figure 3B). However, IMQ 
treatment alleviated these symptoms (Figure 
3C) and decreased the histological scores (P < 
0.01) (Figure 3D). 

Protein identification and quantification by 
iTRAQ analysis

To explore the mechanism of IMQ function, we 
carried out a global profiling of quantitative pro-
teome on the mice of the Normal, Model, and 
Therapy groups and identified 4170 proteins 
from 22,897 distinct peptides derived from 
126,498 spectra with a high confidence (≥ 95% 
confidence) and unique peptide matches ≥ 1 

Figure 2. IMQ attenuated DSS-induced colitis. A. Body weight was measured daily. B. Body weight. C. Colon length. 
D. DAI score of mice in each group was measured. Data are presented as mean ± S.D. (n=20). #P < 0.05, ##P < 
0.01 vs Normal group, *P < 0.05, **P < 0.01 vs Model group. IMQ, imiquimod. DSS, Dextran Sulfate Sodium. DAI, 
disease activity index.
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using iTRAQ coupled with LC-MS/MS. Among 
them, 4019, 4033, and 4030 proteins were 
identified in the Normal, Model, and Therapy 
groups, respectively. Using fold changes ≥ 1.5 
or ≤ 0.67 with p-value ≤ 0.05 as cutoff,  
317 DEPs including 156 upregulated and 161 
downregulated proteins were identified be- 
tween the Normal and Model groups, while 253 
DEPs (114 were obtained between the control 
and IMQ-treatment mice) of which 114 proteins 
were upregulated and the 139 proteins were 
downregulated. Comparison between UC and 
IMQ-treatment mice identified 209 with 81 

upregulated and 128 downregulated proteins 
(Table 2).

Figure 3. IMQ alleviated colon damage in mice with DSS-induced colitis. A-C. H&E staining of colonic tissues. Mag-
nification ×200. D. Histological scores of the colonic tissue in three groups. Data are presented as mean ± S.D. 
(n=20). #P < 0.05, ##P < 0.01 vs Normal group, *P < 0.05, **P < 0.01 vs Model group. IMQ, imiquimod. DSS, Dex-
tran Sulfate Sodium.

Table 2. Assessment of DEPs (P ≤ 0.05)

Sample pairs Normal vs 
Model

Normal vs 
Therapy

Model vs 
Therapy

Quantified 4019 4033 4030
Upregulated 156 114 81
Downregulated 161 139 128
Total DEPs 317 253 209
DEPs, differentially expressed proteins.

Figure 4. Histogram of different functional annota-
tions. X-axis represented different annotation data-
bases, and Y-axis represented protein number. GO, 
Gene Ontology. COG, Clusters of Orthologous Groups. 
KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Functional annotations of identified proteins

To understand the functional significance of the 
4170 proteins identified by iTRAQ coupled with 
LC-MS/MS, we performed GO and KEGG using 
the database of different sources as shown in 
Figure 4, among the 4170 proteins, 4006 pro-
teins were sub-categorized into 58 classifica-
tions by GO annotation, including 28 biological 
process, 12 cellular component, and 18 molec-
ular function, while 2193 proteins were sub-
categorized into 24 COG classifications, and 
the R (General function prediction only) was  
the most highly represented (Figure 5). In addi-
tion, 2504 proteins were sub-categorized into 
152 KEGG classifications. The GO annotation 
was performed with blast2go v4.5 pipeline, 
and we found the proteins were enriched in cel-
lular process (12.50%), followed by metabolic 
process (10.82%) and biological regulation 
(8.46%) (Figure 6A). Furthermore, for the cellu-
lar component analysis, these proteins were 
enriched in cell (18.98%), followed by cell part 

(18.95%) and organelle (12.73%) (Figure 6B). 
Notably, the top enriched molecular func- 
tions were binding (51.34%), catalytic activity 
(27.41%), and enzyme regulator activity (5.17%) 
(Figure 6C).

Bioinformatic analysis of the DEPs

To further assess the function of DEPs, we 
independently annotated and analyzed the 
upregulated and downregulated DEPs from  
different groups of mice. The DEPs between 
Normal and Model groups were classified into 
48 functional categories, including 26 biologi-
cal processes, 10 cellular components, and  
12 molecular functions. (Figure 7A), while the 
DEPs between Model and Therapy groups were 
assigned to 50 categories including 26 biologi-
cal processes, 12 cellular components, and  
12 molecular functions (Figure 7B). In addition, 
the DEPs between the Normal and the Therapy 
groups were enriched in 51 categories, includ-
ing 25 biological processes, 12 cellular compo-

Figure 5. Functional classifications of identified proteins into COG groups. The x-axis represented different classifica-
tions, and the y-axis represented the number of proteins in each COG class. COG, Clusters of Orthologous Groups.
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Figure 6. GO classification of all identified proteins. A. Biological process. B. Cellular component. C. Molecular func-
tion. GO, Gene Ontology.
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nents, and 14 molecular 
functions (Figure 7C). Intere- 
stingly, we found noticeable 
differences in GO functional 
classification between the 
upregulated and downregu-
lated proteins, as well as in 
the degree of functional con-
centration. For example, we 
found that more proteins 
involved in cellular process 
and metabolic process were 
upregulated in the DEPs of 
Normal vs Therapy groups. In 
contrast, more proteins relat-
ed to immune system pro-
cess and biological adhesion 
were downregulated.

Moreover, we utilized KEGG 
database to annotate protein 
pathways that were enriched 
to better understand the bio-
logical pathways and the mo- 
lecular mechanisms underly-
ing the disease development 
as well as identify vital bio-
markers. The top 10 upre- 
gulated and downregulated 
proteins identified by KEGG 
analysis were shown in Figure 
8, among which proteins in 
metabolic pathways were  
differentially expressed bet- 
ween the Normal and the 
Model groups but expressed 
oppositely between the Mo- 
del and the Therapy groups. 
In addition, proteins involved 
in the two vital pathways, 
metabolic pathways, and fo- 
cal adhesion, were both up- 
regulated and downregulat-
ed, although more proteins  
in metabolic pathways were 
downregulated than upregu- 
lated.

KEGG pathway enrichment 
analysis can also identify the 

Figure 7. GO classifications in Model vs Normal groups (A), Therapy vs Model groups (B), and Therapy vs Control 
groups (C) according to the biological processes (left), cellular component (middle), and molecular function (right). 
Green bar indicated the downregulated proteins, while yellow bar indicated the upregulated proteins. GO, Gene 
Ontology.

Figure 8. The top 10 pathways identified by KEGG in Model vs Normal groups 
(A), Therapy vs Model groups (B), and Therapy vs Normal groups (C). The 
number of proteins was marked in each bracket. KEGG, Kyoto Encyclopedia 
of Genes and Genomes.
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main biochemical metabolic pathways and sig-
nal transduction pathways that are enriched 
with DEPs. Our analysis showed that most of 
the DEPs between the Model and the Therapy 
groups was enriched in ECM-receptor interac-
tion, focal adhesion, as well as complement 
and coagulation cascades (Figure 9). Strikingly, 
all DEPs involved in complement and coagula-
tion cascades were downregulated by IMQ 
treatment (Table 3), suggesting that comple-

ment and coagulation cascades may play an 
important role in the function of IMQ in UC 
mice.

Discussion

UC is one of the main forms of inflammatory 
bowel disease (IBD), with clinical manifesta-
tions of abdominal pain, diarrhea, and hemato-
chezia. If untreated, the alternating relapsing 

Figure 9. KEGG pathways in Therapy vs Model groups. Red represented the upregulated proteins, while green rep-
resented the downregulated proteins. KEGG, Kyoto Encyclopedia of Genes and Genomes.

Table 3. DEPs of complement and coagulation pathways in Model vs Therapy group
Protein ID Protein name Gene name Ratio (Therapy/Model) P value
P01027 Complement C3 C3 0.39 2.79776E-14
Q61838 Pregnancy zone protein Pzp 0.33 1.17067E-09
Q3TGR2 Fibrinogen, B beta polypeptide Fgb 0.32 1.6689E-08
Q3UEM7 Uncharacterized protein Fgg 0.34 1.16714E-06
Q00897 Alpha-1-antitrypsin 1-4 Serpina1d 0.64 0.04788553
Q3V3W7 Uncharacterized protein F13a1 0.46 0.000209702
E9PV24 Fibrinogen alpha chain Fga 0.31 4.15811E-06
Q3UBS3 Haptoglobin Hp 0.26 9.53067E-05
P06909 Complement factor H Cfh 0.33 0.002255862
Q3V1T9 Plasminogen Plg 0.64 0.027192229
Q00898 Alpha-1-antitrypsin 1-5 Serpina1e 0.26 0.01752943
B2RWX2 Complement component 4B C4b 0.60 0.003675591
A0A0R4J038 Kininogen-1 Kng1 0.37 0.004141234
DEPs, differentially expressed proteins.
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and remitting mucosal inflammation can seri-
ously impact patient quality of life [16]. Hence, 
safe and effective drugs are urgently needed.

IMQ, an agonist of TLR7, is a small molecule 
immunomodulatory compound that displays 
both antiviral and antitumor effects [17]. It has 
been demonstrated that IMQ can stimulate B 
cell proliferation by activating TLR7 [18]. In 
addition, Sainathan et al. have found that IMQ 
can induce type I IFN expression and increase 
the populations of dendritic cells (DC) in the 
gastrointestinal mucosa to ameliorate colitis 
[19]. Furthermore, a recent study has reported 
that IMQ is associated with the accumulation of 
Regulatory T cells (Tregs) during intestinal 
inflammation through the induction of CCR9 
[20].

In this study, we used 3% DSS to induce acute 
colitis. Mice presented with diarrhea, hemato-
chezia, and weight loss; all characteristics of 
clinical manifestations of UC. Importantly, we 
found that IMQ intervention could alleviate 
these clinical symptoms. In being consistent 
with our findings, IMQ has been previously 
reported to be effective in treating mice with 
UC by ameliorating the inflammatory response 
[19, 20]; however, little is known about its  
functional mechanism. Here, we used iTRAQ  
to analyze the DEPs among mice in different 
treatment groups and identified 4170 DEPs. 
Interestingly, we discovered a significant reduc-
tion in the levels of proteins that are involved in 
complement and coagulation cascades by the 
treatment of IMQ in KEGG pathway analysis, 
suggesting that complement and coagulation 
cascades might contribute to the therapeutic 
effect of IMQ in UC.

It has been known that overactivation of the 
complement system can lead to various diseas-
es, although it plays an important role in elimi-
nating bacteria, apoptotic cells, as well as 
malignant cells [21]. In addition, recent studies 
discover that the aberrant activation of the 
complement system not only leads to the 
pathogenesis of IBD but also contributes to the 
development of colitis-associated carcinogen-
esis by activating intestinal IL-1β/IL-17A axis 
[22]. 

From bioinformatics analysis, we found that  
the expression of complement C3, one of the 
most important complement components, was 

reduced by IMQ treatment. In agreement with 
our findings, a strong positive correlation 
between C3 and IL-17 mRNA expression in IBD 
has been reported, which can promote the pro-
duction of pro-inflammatory cytokines (IL-17A, 
IL-6, TNF-α) [23]. In addition, another study has 
suggested that the complement components, 
such as C3, C4, and C1q, can effectively modu-
late the function of intestinal epithelial cells to 
induce intestinal stem cell proliferation and 
pro-inflammatory signaling activity [24]. Fur- 
thermore, TLR-4 mediated signals in intestinal 
epithelial cells can induce the expression of  
C3, leading to an increased production of pro-
inflammatory to anti-inflammatory cytokines 
[25]. Consistent with these notions, reduction 
of C3, the central component of the comple-
ment system, has been reported to be protec-
tive against colitis [26]. Together, these findings 
suggest C3 is an important biochemical marker 
for the diagnosis and treatment of UC. 

C4b, another vital component in the comple-
ment system, has a critical role in tissue clear-
ance and microbial elimination. Recent studies 
have shown that the C4b gene number is posi-
tively correlated with inflammation in pediatric 
IBD. Additionally, C4b may be involved in the 
aberrant host reactivity to gut microbiota in 
children with IBD. Moreover, higher C4b gene 
copy number is associated higher fecal calpro-
tectin level, which reflects higher intestinal 
inflammatory activity [27].

Plasminogen (Plg) can be converted into plas-
min by the plasminogen activators (PAs). 
Interestingly, it has been reported that the 
expression of PAs is elevated in the patients 
with IBD [28]. The activation of plasmin and 
matrix metalloproteinases (MMPs) can break 
the intestinal epithelial barrier by degrading 
components of the extracellular matrix, there- 
by leading to the accumulation of inflammatory 
cells [29]. In fact, the expression of MMPs is 
upregulated in IBD and is associated with the 
severity of IBD [30]. In addition, Munakata et al. 
discovered that plasmin inhibition could pre-
vent the progression of IBD in colitis models 
and attenuate inflammation by suppressing the 
MMP9-dependent influx of inflammatory cells 
and the production of inflammatory cytokines 
such as TNF-α [31]. Consistently, our results 
also showed that the expression of Plg was 
upregulated in DSS-treated mice, which was 
reversed by IMQ treatment. Hence, targeting 
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the expression of Plg may represent a novel 
therapeutic strategy for the treatment of 
colitis.

In this study, bioinformatics analysis found  
that C3, C4b and Plg were notably downregu-
lated by IMQ treatment, suggesting that IMQ 
may regulate the complement and coagulation 
cascades. Thus, using inhibitors of the comple-
ment system may serve as an effective alterna-
tive to the current biological treatment of 
colitis.

Taken together, our findings indicate that the 
activation of the complement and coagulation 
cascades accelerates the inflammatory res- 
ponse during colitis procession, and inhibiting 
the expression of the proteins associated with 
complement and coagulation cascades could 
alleviate the inflammatory condition, which war-
rants further studies on the effects of IMQ in 
patients with UC and on the function of DEPs 
identified by iTRAQ.

Conclusions

IMQ may exert protective effects on mice with 
DSS-induced colitis through suppressing the 
activation of the complement and coagulation 
cascades. Targeting the complement and coag-
ulation cascades may be an effective therapeu-
tic strategy for the treatment of patients with 
UC.
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