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Background and Aims. Recent evidences reveal that epithelial to mesenchymal transition (EMT) exacerbates the process of
intestinal fibrosis. Tumor necrosis factor-like ligand 1A (TL1A) is a member of the tumor necrosis family (TNF), which can
take part in the development of colonic inflammation and fibrosis by regulating immune response or inflammatory factors. The
purpose of this study was to elucidate the possible contribution of TL1A in onset and progression of intestinal inflammation
and fibrosis through EMT. Methods. Colonic specimens were obtained from patients with inflammatory bowel disease (IBD)
and control individuals. The expression levels of TL1A and EMT-related markers in intestinal tissues were evaluated.
Furthermore, the human colorectal adenocarcinoma cell line, HT-29, was stimulated with TL1A, anti-TL1A antibody, or BMP-7
to assess EMT process. In addition, transgenic mice expressing high levels of TL1A in lymphoid cells were used to further
investigate the mechanism of TL1A in intestinal fibrosis. Results. High levels of TL1A expression were detected in the intestinal
specimens of patients with ulcerative colitis and Crohn’s disease and were negatively associated with the expression of an
epithelial marker (E-cadherin), while it was positively associated with the expression of interstitial markers (FSP1 and α-SMA).
Transgenic mice with high expression of TL1A were more sensitive to dextran sodium sulfate and exhibited severe intestinal
inflammation and fibrosis. Additionally, the TGF-β1/Smad3 pathway may be involved in TL1A-induced EMT, and the
expression of IL-13 and EMT-related transcriptional molecules (e.g., ZEB1 and Snail1) was increased in the intestinal specimens
of the transgenic mice. Furthermore, TL1A-induced EMT can be influenced by anti-TL1A antibody or BMP-7 in vitro.
Conclusions. TL1A participates in the formation and process of EMT in intestinal fibrosis. This new knowledge enables us to
better understand the pathogenesis of intestinal fibrosis and identify new therapeutic targets for its treatment.

1. Introduction

In patients with inflammatory bowel disease (IBD), recurrent
intestinal inflammation triggers mucosal healing reactions,
leading to extracellular matrix (ECM) deposition in the intes-
tine to form intestinal fibrosis [1]. As many as one-third of
patients with Crohn’s disease (CD) develop end-stage fibrotic
disease characterized by stenosis and organ failure [2, 3], and
80% of cases require surgical resection of the fibrotic intesti-

nal tissue. Unfortunately, the recurrence rate is as high as
70% [4]. Ulcerative colitis (UC) has long been believed to
be a nonfibrotic disease; however, recent studies have found
a certain degree of submucosal fibrosis in almost all colon
resection specimens from patients with UC [5–7]. Identifying
effective treatment for intestinal fibrosis-induced by IBD has
become the focus of investigations worldwide.

Myofibroblasts are important effector cells for the deposi-
tion of ECM in intestinal fibrosis, and their sources are varied
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[8]. Exploration into the origins of myofibroblasts may pro-
vide an opportunity to develop effective treatments in intesti-
nal fibrosis. An increasing number of studies indicate that
epithelial to mesenchymal transition (EMT) is involved in
intestinal fibrosis [9]. During this process, epithelial cells lose
polarity as well as tight junctions, transform into interstitial
cells, and produce a large amount of ECM deposited in the
intestine, resulting in intestinal lumen narrowing [10].
Experiments with a transgenic mouse model with
epithelial-driven expression of fluorescent reporters, indicate
that about one-third of FSP1+ fibroblasts are derived from
intestinal epithelial cells [11]. EMT can also be observed
in vitro. For example, rat intestinal epithelial cells (IEC-6)
displayed an irregular polygonal shape in control medium
but obtained a spindle-shaped morphology after exposure
to TGF-β1 for seven days [11]. Another study showed that
parathyroid hormone-like hormone (PTHLH) was capable
of increasing vimentin and FSP1 expression and reducing
E-cadherin expression in a concentration- and time-
dependent manner. Furthermore, exposure to PTHLH leads
to collagen deposition [12]. All of these studies suggest that
EMT may be an important mechanism in the development
of intestinal fibrosis.

The process of EMT is regulated by a complex cell signal-
ing pathway and gene regulation. The TGF-β1/Smad3 path-
way is the most classical pathway involving TGF-β1 [13].
However, exploring when and how it occurs may lead to
effective treatment strategies for intestinal fibrosis.
Genome-wide association studies (GWAS) have emphasized
that the gene encoding tumor necrosis factor-like ligand 1A
(TL1A) is associated with susceptibility to UC and CD and
is upregulated in both UC and CD patients [14–16]. In recent
years, studies have shown that TL1A participates in the
development of intestinal inflammation and fibrosis [17,
18]. Moreover, mice with high expression of TLIA can
develop spontaneous ileitis, proximal colitis, and even fibro-
sis, which is associated with elevated levels of fibrotic factor
interleukin-13 (IL-13). Elevated secretion of IL-13 is tightly
associated with the expression of TL1A in the transgenic
mouse model described above [19, 20], and the fourth Euro-
pean Crohn’s and Colitis Organisation (ECCO) guidelines
state that the TGF-β1/Smad3 pathway activated by IL-13 is
a central process in the formation of intestinal fibrosis [21].

Further study has shown that in colitic mice with adop-
tively transferred T cells, intestinal inflammation and fibrosis
could be alleviated with the treatment of anti-TL1A antibod-
ies, which reduce the expression of α-SMA and vimentin and
inhibit the TGF-β1/smad3 pathway [22]. Recombinant
human bone morphogenetic protein-7 (BMP-7), which
belongs to the TGF-β superfamily, reverses TGF-β1-induced
EMT in intestinal fibrosis both in vitro and in vivo [11].

Therefore, we hypothesized that TL1A promotes intesti-
nal fibrosis by inducing EMT. In this study, we evaluated
the correlation between TL1A expression and changes in
EMT-related markers in patients with UC or CD. Further-
more, wild-type (WT) mice and TL1A transgenic (Tg) mice
were used to establish a chronic colitis-associated intestinal
fibrosis model. Moreover, HT-29 cells were stimulated with
TL1A, anti-TL1A antibodies, and BMP-7, and the changes

in EMT-related markers were evaluated. The effects and
mechanisms of TL1A on EMT are discussed in order to bring
forward new theoretical bases for the treatment of intestinal
fibrosis.

2. Methods

2.1. Human Tissues. Twelve patients with UC (male/female:
6/6) and ten patients with CD (male/female: 4/6) were
enrolled in this study from the Second Hospital of Hebei
Medical University (Shijiazhuang, China). The diagnosis of
IBD was based on standard clinical, endoscopic, radiological,
and histological findings. Normal colonic samples were taken
from 8 control individuals (male/female: 4/4), who under-
went colonoscopy for other reasons and were found to be
normal in examination and histology. The clinical character-
istics and inflammatory markers of the three groups are
shown in Tables 1 and 2. The age, sex, and other relevant
markers of the three groups were matched. This study has
been approved by the Ethics Committee of Hebei Medical
University.

2.2. Mice and Treatment. LCK-CD2-TL1A-GFP-transgenic
(Tg) mice overexpressing TL1A in lymphocytes, and wild-
type (WT) mice applied in this study, were in the C57BL/6J
genetic background. The Tg mice were brought from Amer-
ican Cedars-Sinai Medical Center and Immunology Research
Center. All mice were matched by age (8–10 weeks), weight
(20–22 g), and sex (female). The animals were housed under
specified pathogen-free conditions. The genotypes of the
mice used in this study were confirmed through PCR (Sup-
plementary Figure 1). There were four experimental groups:
the control/WT group (n = 8), the control/Tg group (n = 8),
the dextran sodium sulfate (DSS)/WT group (n = 8), and
the DSS/Tg group (n = 10). A chronic colitis-related
intestinal fibrosis model was generated by the
administration of DSS for three cycles. One cycle consisted
of 2% DSS in drinking water for seven days followed by
normal drinking water for two weeks. All experiments were
carried out in accordance with the Ethics Committee of
Hebei Medical University.

2.3. Evaluation of the Severity of Intestinal Inflammation. The
general condition of the mice was observed daily, and the
body weights were measured every four days. On the last
day of modeling, disease activity index (DAI) scores were
performed based onmouse body weight, stool characteristics,
and fecal occult blood to assess colonic inflammation [23].
After the mice were euthanized, the colon was removed to
record the length and weight, and used for further analyses.
Tissue sections of 4μm were cut from formalin-fixed
paraffin-embedded colon tissue blocks and were dewaxed in
xylene and rehydrated in graded alcohol washes, then stained
with hematoxylin and eosin (H&E) staining to assess histo-
pathological inflammation. Macroscopic scoring and micro-
scopic scoring [24] were used to assess the histological
damage. To further evaluate inflammatory cell infiltration,
myeloperoxidase (MPO) activity was detected using the
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Myeloperoxidase Activity Assay Kit (Nanjing Jiancheng Bio-
engineering Institute, China).

2.4. Evaluation of Fibrosis and Chronic Wound Healing. Sir-
ius red staining was conducted to evaluate collagen deposi-
tion in colonic tissue specimens embedded in paraffin.
Furthermore, Image-Pro Plus software (IPP 6.0) was used to
evaluate the percent of fibrotic area in IBD and control
patients [12]. And fibrosis scoring criteria [25] (Supplemen-
tary Table 1) was used to evaluate the fibrosis level in mice.
Next, the relative minimal and maximal thickness of
submucosa were also calculated in mice [26]. In addition, a
hydroxyproline assay was performed to assess collagen
content in the colon tissues.

2.5. Cell Culture and Cell Viability Assay. The human HT-29
cell line was obtained from the Chinese Academy of Sciences
Cell Bank (Shanghai, China) and cultured in McCoy’s 5A
medium with 10% fetal bovine serum, penicillin (100
units/ml), and streptomycin (100μg/ml). Cells were grown
at 37°C in a 5% CO2 atmosphere. Cell Counting Kit-8 assay
(CCK-8) was used to detect cell viability. HT-29 cells were
seeded 100μL per well at a density of 1 × 104 cells/well in
96-well plates. When the cell growth reaches logarithmic
phase, serum-free media with different concentrations (0
ng/mL, 20ng/mL, 50 ng/mL, 100ng/mL, and 150ng/mL) of
TL1A replaced the complete culture medium. After incubat-
ing for 12, 24, 48, or 72 h, 10μL CCK-8 was added to each

well and incubated at 37°C for an additional 1 h. Then, the
optical densities (OD) under 450nm were recorded. Based
on the results (Supplementary Figure 2), a concentration of
50 ng/mL of TL1A was applied in subsequent experiments.

2.6. Immunofluorescence Staining. Colonic tissues and HT-29
cells were treated with 0.5% Triton X-100 for permeability.
After blocking with 10% goat serum, sections were incubated
with primary antibodies (E-cadherin and FSP1) overnight at
4°C. The sections were then stained with secondary antibod-
ies conjugated with either FITC or Cy3. Nuclei appeared blue
with 4′6-diamidino-2-phenylindole (DAPI) staining (Beyo-
time, Shanghai, China). A laser scanning confocal micro-
scope FV12-IXCOV (Olympus, Japan) were used to obtain
images. The mean optical density of images was calculated
through Image-Pro Plus software to analyze the positive
expression.

2.7. Immunohistochemical Staining. Paraffin-embedded
mucosal biopsy specimens and mice colonic tissues (4μm
thick sections) were incubated in antigen retrieval solution
for 10min at 95°C. After cooling at room temperature, perox-
idases were inhibited with 3% H2O2 for 10 minutes. Sections
were then treated with 10% goat serum for 30 minutes before
incubating with primary antibodies (β-catenin, E-cadherin,
α-SMA, FSP1, IL-13, TGF-β1, Smad3, Snail, and ZEB1).
After washing with PBS three times for 10 minutes, sections
were incubated with secondary antibodies for 30 minutes at

Table 1: Patient characteristics of human samples.

Controls (n = 8) UC (n = 12) CD (n = 10)
Mean age (year, range) 45:5 ± 9:68 40:25 ± 13:05 37:40 ± 12:55
Females 4 (50%) 6 (50%) 6 (60%)

Males 4 (50%) 6 (50%) 4 (40%)

Mean disease duration (year, range) 0 6:25 ± 2:14 6:80 ± 2:25
Disease activity

No 8 (100%) 0 (0%) 0 (0%)

Low 0 3 (25%) 3 (30%)

Moderate 0 5 (41.67%) 5 (50%)

Strong 0 4 (33.33%) 2 (20%)

UC: ulcerative colitis; CD: Crohn’s disease. Disease activity based on modified Mayo score. Data are expressed as mean ± SD.

Table 2: Inflammation markers in IBD patients and controls.

Control (n = 8) UC (n = 12) CD (n = 10)
WBC (/mm3 × 103) 5:11 ± 0:85 7:16 ± 1:88∗ 6:95 ± 1:82∗

hsCRP (mg/L) 1:35 ± 1:44 28:43 ± 34:23∗ 24:15 ± 22:61∗

ESR (mm/h) 4:50 ± 2:14 23:41 ± 14:03∗∗ 20:90 ± 12:66∗∗

HGB (g/L) 134:50 ± 13:44 119:42 ± 19:51 128:10 ± 19:30

NE (/mm3 × 103) 3:01 ± 0:60 4:45 ± 1:58∗ 3:54 ± 1:46

PLT 240:05 ± 61:72 270:61 ± 78:08∗ 355:53 ± 120:73

ALB 44:8 ± 52:89 36:00 ± 6:95∗∗ 37:53 ± 4:43∗∗

WBC: white blood cell; hsCRP: high-sensitivity C-reactive protein; ESR: erythrocyte sedimentation rate; HGB: hemoglobin; NE: neutrophil; PLT: blood platelet;
ALB: albumin. Data are expressed as mean ± SD. As compared to the control group: ∗P < 0:05; ∗∗P ≤ 0:01; ∗∗∗P ≤ 0:001.
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room temperature. Then, according to the manufacturer’s
protocol, sections were incubated with the DAB detection
kit, then stained with H&E. Three fields of view (400x) of
each slice are calculated through Image-Pro Plus software
to analyze the positive expression. We obtained the mean
optical density value of each group and produced a histogram
to show the results.

2.8. Western Blot. Proteins from the WT and Tg mouse
colonic specimens and HT-29 cells were extracted and
concentrations were quantified by the BCA method. Total
protein was separated on an SDS-PAGE gel system, then
transferred to a PVDF membrane (0.22μm, Millipore
Corp., Billerica, MA, USA). The blot with separated pro-
teins was incubating with primary antibodies (against col-
lagen I, collagen III, β-catenin, E-cadherin, α-SMA, FSP1,
IL-13, TGF-β1, Smad3, Snail1, ZEB1, and GAPDH) over-
night at 4°C. After washing with Tris-buffered saline-
Tween (TBST), the membranes were incubated with fluo-
rescently labeled secondary antibody for 1 h at room tem-
perature. The developed protein bands were quantified
using ImageJ and normalized with GAPDH internal
controls.

2.9. Real-Time Reverse Transcription-Polymerase Chain
Reaction (RT-PCR). Total RNA was extracted from WT
and Tg mouse colonic tissues or HT-29 cells following the
manufacturer’s guidelines and reversed transcribed into
cDNA by PrimeScript qRT-PCR Kit (TaKaRa, China). The
RT-PCR analysis was performed using SYBR® GreenER™
qPCR SuperMix kit (Invitrogen, Carlsbad, CA) on a 7500
Real-time system (Applied Biosystems, USA). Primer
sequences are listed in Supplementary Table 2. GAPDH
was used as an internal standard. Data were calculated by
the comparative cycle threshold (CT) (2−ΔΔCT) method.

2.10. Quantification of Cytokines by Enzyme-Linked
Immunosorbent Assay (ELISA). According to manufacturer’s
instructions, the expression levels of IL-13 and TGF-β1 in
serum of WT mice and Tg mice were detected using an
ELISA kit (R&D, Minneapolis, USA). Changes in absorbance
were determined by spectrophotometry at 450nm
wavelength.

2.11. Statistical Analysis. Statistical analysis was performed
using IBM SPSS Statistics 22.0 (SPSS Inc., Chicago, IL,
USA). Data were represented as mean ± standard deviation
(SD). The Kolmogorov-Smirnov test was used to test the nor-
mal distribution of quantitative data. If the data were nor-
mally distributed, one-way ANOVA and the Student-
Newman-Keuls (SNK) post hoc tests were used to determine
the statistical significance between multiple groups; if not, the
Kruskal-Wallis test and the Nemenyi post hoc test were used.
The relationship between continuous variables were repre-
sented by the Pearson correlation analysis. Differences were
noted as significant at ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P <
0:001.

3. Results

3.1. Evidence for Intestinal Fibrosis and EMT in Patients with
IBD. Inflammation destroys the gastrointestinal epithelial bar-
rier, and barrier dysfunction, in turn, causes further spread of
inflammation. We collected serum and intestinal samples
from 8 controls and 12 UC and 10 CD patients for this study.
Serum inflammation marker high-sensitivity C-reactive pro-
tein (hsCRP), erythrocyte sedimentation rate (ESR), and white
blood cell (WBC) were increased in IBD patients compared
with the control group (Table 2). Further, H&E staining
revealed that the colonic mucosa was intact in the control
group, while erosions and ulcers appeared in the IBD group
(Figure 1(a)). Sirius red staining, applied to evaluate collagen
deposition and degree of fibrosis in UC and CD intestinal
mucosa, revealed substantial collagen deposition as well as
fibrotic alterations in the colon tissues of CD and UC patients
compared with controls (Figure 1(a)). Fibrosis area was signif-
icantly higher in the UC and CD groups than in the control
group (Figure 1(b)). To verify the occurrence of EMT,
double-label immunofluorescence staining was performed to
determine the colocalization of E-cadherin and FSP1. There
were more double-positive cells detected in the colon tissues
of UC and CD patients than in the control group (Figure 1(c)).

3.2. TL1A Expression Was Markedly Increased in IBD Colon
and Correlated with Degree of Fibrosis and EMT-Related
Markers. To explore the possible contribution of TL1A in
IBD, the expression of TL1A was detected in colonic tissues
from controls and patients with UC and CD by immunohisto-
chemical staining. β-Catenin membrane staining in IBD
patients was weaker than the control group, and more cells
have nuclear staining, indicating that β-catenin has transcrip-
tional activity (Figure 1(d)). While in healthy tissues, TL1A
immunoreactivity was weak, while the majority of UC and
CD patients displayed increased expression of TL1A in their
colon tissues (Figure 1(d)). The mean optical density values
of TL1A in the UC and CD groups were nearly 2-fold higher
than that in the control group (Figure 1(d)). Next, the expres-
sion of epithelial cell marker E-cadherin, and myofibroblast
markers FPS1 and α-SMA, was also assessed by immunohisto-
chemical staining. E-cadherin expression stained more
strongly in normal intestinal tissues than in UC and CD tis-
sues (Figure 1(d)). In contrast, positive immunostaining for
α-SMA and FPS1 exhibited increased intensity in UC and
CD intestinal tissues. Altogether, these results confirm the
appearance of EMT in IBD colon tissues (Figure 1(d)). Fur-
thermore, the Pearson correlation and linear regression analy-
ses were applied to explore the relationship between TL1A and
EMT-related markers, which demonstrated that TL1A expres-
sion is negatively associated with E-cadherin expression
(Figure 1(e)), while it is positively associated with nuclear
localization of β-catenin, α-SMA, and FSP1 expression levels
and fibrosis area (Figure 1(e)). Therefore, TL1A is likely to
be involved in the EMT process in intestinal fibrosis.

3.3. Mice with High Expression of TL1A after DSS Induction
Had More Severe Intestinal Inflammation. To further deter-
mine the contribution of TL1A in colonic inflammation, we
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Figure 1: TL1A in colon tissue of patients with ulcerative colitis (UC) and Crohn’s disease (CD) correlates with fibrosis score and EMT-
related markers. Colon tissues from CD patients (n = 10), UC patients (n = 12), and controls (n = 8) were included. (a, b) Representative
microscopic images of hematoxylin and eosin- (H&E-) stained paraffin-embedded colonic tissue samples (100x), and the quantitative
determination of fibrosis area based on Sirius red staining (100x). (c) Immunofluorescence double staining. E-cadherin (green), α-SMA
(red), and colocalization (yellow) in colon tissue samples of IBD patients and controls (400x). DAPI stains nuclei (blue). (d)
Immunohistochemical staining of β-catenin, TL1A, E-cadherin, FSP1, and α-SMA in colon tissues of controls and IBD patients (400x),
and mean density of nuclear localization of β-catenin and expressions of TL1A, FSP1, and α-SMA were increased in the UC and CD
groups; however, the mean density of E-cadherin was decreased in the UC and CD groups. (e) Pearson’s correlation and linear analysis.
Data were given as mean± standard deviation (SD). As compared to the control group: ∗P < 0:05, ∗∗P ≤ 0:01, and ∗∗∗P ≤ 0:001.
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divided WT mice and Tg mice each into two groups to
administrate normal drinking water or 2% DSS as described
above. After nine weeks, DAI scores and histopathological
indicators were evaluated. During modeling, after drinking
2.0% DSS, the mice showed soft or loose, and visibly bloody
stools, and a fluctuating decline in body weight, especially
in the DSS/Tg group (Figure 2(a)). Meanwhile, the DAI
score, which is performed based on mouse body weight, stool
characteristics, and fecal occult blood increased more in the
DSS/Tg group than in the DSS/WT group (Figure 2(b)). After
the mice were euthanized, the colon was removed for macro-
scopic damage scoring. The control group (fed water without
DSS) had no edema in the colon, while the intestinal mucosa
of the DSS group showed hyperemic and edematous mucosa
with thickening of the intestinal wall (Figure 2(c)). Themacro-
scopic damage score in the DSS/Tg group was significantly
higher than that in the DSS/WT group (Figure 2(d)). The

DSS/Tg group had shorter colon length (Figure 2(f)), heavier
colon weight (Figure 2(e)), and therefore, higher colon
weight-to-length ratio (Figure 2(g)) than the DSS/WT group.
These differences were statistically significant. H&E staining
displayed that the colonic mucosal epithelium of the control
group was intact and the glands were neatly arranged. How-
ever, in the DSS group, the colonic mucosal epithelium was
destroyed, goblet cells were reduced or even missing, and neu-
trophils and lymphocytes had infiltrated the tissue
(Figure 2(h)). The colonic microscopic damage score was sig-
nificantly higher in the DSS/Tg group than that in the DSS/WT
group (Figure 2(i)). MPO activity in the colon tissue reflects
infiltration of inflammatory cells into the intestinal tissue.
Compared with the DSS/WT group, MPO content was signif-
icantly increased in the DSS/Tg group (Figure 2(j)). The above
results show that Tg mice with a high expression of TL1A are
susceptible to inflammation in the colon.
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Figure 2: TL1A promotes colon inflammation in the DSS-induced intestinal fibrosis model. Transgenic (Tg) and wildtype (WT) mice were
subjected to 2.0% dextran sulfate sodium (DSS) to generate an intestinal fibrosis model. There were four study groups: control/WT group
(n = 8), control/Tg group (n = 8), DSS/WT group (n = 8), and DSS/Tg group (n = 10). (a) The percent change in body weight of mice
during modeling. (b) Postmodeling disease activity index (DAI) based on body weight, stool characteristics, and fecal occult blood of mice.
(c, d) Macroscopic damage and score. (e) Weight of colon. (f) Length of colon. (g) Colon weight/length ratio. (h) Representative images of
H&E-stained colonic tissue sections of WT and Tg mice (100x). (i) Microscopic damage score. (j) Myeloperoxidase (MPO) activity. Data
were given as mean ± standard deviation (SD). As compared to the control group: ∗P < 0:05, ∗∗P ≤ 0:01, and ∗∗∗P ≤ 0:001.
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Figure 3: TL1A promotes colon fibrosis in the DSS-induced intestinal fibrosis model. (a) Sirius red staining of collagen deposition in colon
fromwild type and transgenic (Tg) mice overexpressing TL1A (100x). (b) Fibrosis scores reflect fibrotic alterations of colonic sections. (c) The
relative minimal (min) andmaximal (max) width of submucosa in mice. (d) Hydroxyproline content. (e–g)Western blot analysis of collagen I
and collagen III in colonic tissues normalized with GAPDH. (h, i) RT-PCR detection of collagen I and collagen III mRNA. Data were given as
mean ± standard deviation (SD). As compared to the control group: ∗P < 0:05, ∗∗P ≤ 0:01, and ∗∗∗P ≤ 0:001.
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3.4. Mice with High Expression of TL1A Had More Severe
Intestinal Fibrosis. As previously reported, TL1A promoted
intestinal fibrosis [22]. Sirius red staining showed that mice
in the DSS group had a substantial amount of collagen depo-
sition in colon tissues, especially in the DSS/Tg group
(Figure 3(a)). Fibrotic alterations were quantified based on
the fibrosis score according to the Supplementary Table 1.
The DSS group showed a higher fibrosis score than the
control group, and the DSS/Tg group had the highest score
(Figure 3(b)). Compared with control group, the DSS group
exhibited a significant increase in the minimum and
maximum thickness of the submucosa (Figure 3(c)). The
amount of hydroxyproline, one of the main components of
collagen tissue, was significantly higher in DSS/Tg mice
than in DSS/WT mice (Figure 3(d)). Collagen I and
collagen III, components of ECM, are the main collagen
fibers deposited when intestinal fibrosis occurs. Protein and
mRNA levels of collagen I were greater in DSS/Tg mice
than in DSS/WT mice (Figures 3(e), 3(f), and 3(h)) as were
the mRNA levels of collagen III (Figure 3(i)). The protein
levels of collagen III trended higher in the DSS/Tg group

than in the DSS/WT group; however, this difference was
not statistically significant (Figures 3(e) and 3(g)).

3.5. TL1A Promotes EMT In Vivo. EMT is a dynamic process
during which cells can simultaneously express epithelial and
mesenchymal markers, e.g., E-cadherin and FSP1, respec-
tively. Therefore, the colocalization of these proteins was
assessed. Immunofluorescence costaining showed that green
fluorescent E-cadherin was apparently decreased in DSS
mice, while red fluorescent FSP1 was apparently increased
in DSS mice. Moreover, yellow fluorescence, representing
E-cadherin and FSP1 colocalized expression, was stronger
in DSS/Tg mice than in DSS/WT mice, indicating that
TL1A participates in the EMT process (Figure 4(a)). Further-
more, immunohistochemical staining showed that β-catenin,
which is a well-established marker for the onset of EMT, is no
longer a membrane associated in the DSS group but localized
in the cytoplasm or even in the nucleus (Figure 4(b)). Next,
the levels of protein and mRNA expression of epithelial
marker E-cadherin and interstitial markers FSP1 and α-
SMA were determined by Western blot analysis and RT-
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Figure 4: TL1A promotes EMT in the DSS-induced intestinal fibrosis model. (a) Immunofluorescence staining of colon tissue sections from
wild type (WT) and transgenic (Tg) mice probed with antibodies against E-cadherin (green) and FSP1 (red) (400x). E-cadherin+FSP1+ cells
(yellow; reflects EMT). Nuclei are stained with DAPI (blue). (b) Immunohistochemical staining of β-catenin in colon tissues of mice groups
(400x). (c–g) Western blot analysis of total protein of β-catenin, E-cadherin, α-SMA, and FSP1 in intestinal tissue, normalized with GAPDH.
(h–j) RT-PCR analysis of E-cadherin, α-SMA, and FSP1 mRNA levels in the indicated groups. Data were given asmean ± standard deviation
(SD). As compared to the control group: ∗P < 0:05, ∗∗P ≤ 0:01, and ∗∗∗P ≤ 0:001.
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PCR. There was no statistically significant difference in the
protein and mRNA expression levels of E-cadherin between
the DSS/WT group and the DSS/Tg group (Figures 4(c),
4(e), and 4(h)), while the total protein level of β-catenin,
FSP1, and α-SMA expression levels were statistically
increased in the DSS/WT group, especially in the DSS/Tg
group (Figures 4(c), 4(d), 4(f), 4(g), 4(i), and 4(j)).

3.6. TL1A May Affect EMT through TGF-β/Smad3 Pathways
in Patients with IBD. To explore the possible mechanism of
TL1A regulation of EMT, colonic sections from control
patients and patients with IBD were assessed for proteins of
the TGF-β1/Smad3 pathway and EMT-related transcripts
by immunohistochemical staining. Fibrogenic factor IL-13,
TGF-β1, and Smad3 were found to be increased in UC and
CD groups compared with the control group. The TGF-
β1/Smad3 pathway is a classical way involved in EMT. The
SMAD complex enters the nucleus and inhibits or activates

target genes, such as Snail, ZEB, and basic helix-loop-helix
(bHLH). Therefore, we tested the expression of ZEB1 and
Snail1 and found that compared with control group, these
two proteins were expressed higher in the UC and CD groups
(Figure 5).

3.7. TL1A Induces EMT through TGF-β/Smad3 Pathways in
the DSS-Induced Intestinal Fibrosis Model. Western blot
analysis and RT-PCR were performed to explore the effects
of TL1A in the DSS-induced intestinal fibrosis model. The
TGF-β1 protein levels were greater in DSS/Tg mice than in
DSS/WT mice; however, the difference was not statistically
significant (Figures 6(a) and 6(c)), while IL-13, Smad3,
Snail1, and ZEB1 protein expression was significantly higher
in DSS/Tg mice than in DSS/WT mice (Figures 6(a), 6(b),
6(d), 6(e), and 6(f)). The mRNA levels of IL-13, Smad3,
TGF-β1, and ZEB1 were significantly greater in DSS/Tg mice
than that in DSS/WTmice (Figures 6(g), 6(h), 6(i), and 6(k)),
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Figure 5: IL-13, TGF-β1, Smad3, and EMT-related transcriptional factor expression in IBD colon tissues. Immunohistochemical staining of
IL-13, TGF-β1, Smad3, ZEB1, and Snail1 in intestinal tissues of controls, ulcerative colitis (UC), and Crohn’s disease (CD) patients (400x).
Data were given as mean ± SD. As compared to the control group: ∗P < 0:05, ∗∗P ≤ 0:01, and ∗∗∗P ≤ 0:001.
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Figure 6: Continued.
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while there was no statistically significant difference in
mRNA levels of Snail1 between DSS/Tg mice and DSS/WT
mice (Figure 6(j)). The presence of IL-13 and TGF-β1 in
serum from the DSS-induced intestinal fibrosis mouse model
was detected by ELISA. The levels of IL-13 and TGF-β1 in
circulating serum of DSS/Tg mice were increased compared
with that of DSS/WT mice (Figures 6(l) and 6(m)). Further-
more, a positive correlation between IL-13 and TGF-β1 in
the serum was observed (Figure 6(n)).

3.8. Inhibition of Intestinal Fibrosis by BMP-7 or Anti-TL1A
Antibody In Vitro. EMT was induced in human HT-29 cells
under the stimulation of TL1A. HT-29 cells in control
medium without TL1A had intense E-cadherin expression
and FSP1 labeling (Figures 7(a) and 7(b)). In contrast, upon
incubation with TL1A, HT-29 cells lost E-cadherin expres-
sion, and FSP1 expression increased. The addition of BMP-
7 or anti-TL1A antibody to the medium prevented EMT
induced by TL1A. Additionally, the inhibitory effects of
BMP-7 and anti-TL1A antibody in vitro were highly similar.
The expression levels of β-catenin, E-cadherin, FSP1, and α-
SMA were compared using Western blot analysis
(Figures 7(c) and 7(d)). Compared with the control group,
the expression of E-cadherin was decreased in TL1A group
but was upregulated when BMP-7 or anti-TL1A antibodies
were added. In contrast, the expression of β-catenin, FSP1,
and α-SMA was decreased after the addition of BMP-7 or
anti-TL1A antibodies.

4. Discussion

Intestinal stenosis and obstruction caused by intestinal fibro-
sis are still intractable problems in the treatment of IBD.
Myofibroblasts are key effector cells in the formation of intes-
tinal fibrosis [27]. Multiple studies have stressed that EMT is
one of the important sources of intestinal myofibroblasts [12,
28, 29]. However, there are still many unknowns that need to

be investigated. This study provides strong evidence for the
involvement of TL1A in intestinal fibrosis both in vitro and
in vivo. The abnormal accumulation of TL1A in intestinal
mucosa of patients with IBD is related to the degree of fibro-
sis and EMT-related markers. In addition, TL1A participates
in intestinal fibrosis by promoting the secretion of inflamma-
tory factors such as IL-13 and TGF-β1, and by activating the
expression of EMT-related transcription factors via the TGF-
β1/Smad3 pathway. TL1A can also directly induce EMT
in vitro, and the process can be effectively inhibited by anti-
TL1A antibodies or BMP-7. These findings underline the
potential role of TL1A in EMT and provide evidence for anti-
fibrosis treatment in the future.

A growing body of evidence suggests that TL1A is closely
linked to the process of inflammation and fibrosis diseases
[30–32]. TL1A is a member of the TNF family, which can
bind to death receptor 3 (DR3) [33], and can enhance T cell
proliferation and cytokine production [34]. A previous study
demonstrated that overexpression of TL1A in myeloid cells
can aggravate liver fibrosis by macrophage recruitment and
cytokine secretion [35]. Moreover, TL1A can promote intes-
tinal fibrosis by disrupting immune responses [22] or intesti-
nal flora [18]. It has been reported that transgenic mice with
TL1A overexpression develop spontaneous ileitis and inflam-
mation and fibrosis of proximal colitis [19]. GWAS support a
role for TL1A in the process of IBD. In this study, serum
inflammation indicators and intestinal mucosal inflamma-
tion were more severe in patients with IBD, and large
amounts of collagen fibers were deposited in the intestinal
mucosa of these patients. Immunohistochemical staining
showed that TL1A expression in the UC and CD groups
was significantly increased compared with the control group.
The expression of TL1A was positively associated with fibro-
sis area and with the expression of β-catenin, FSP1, and α-
SMA, but was negatively associated with expression of E-
cadherin. These results confirm that TL1A may participate
in the process of intestinal fibrosis through EMT.
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Furthermore, similar results were obtained in animal experi-
ments. Wild-type mice and transgenic mice with high TL1A
expression were given DSS to construct a chronic colitis-
related fibrosis model. The DSS groups exhibited more severe
intestinal inflammation and collagen deposition, and the
protein and mRNA expressions of collagen I and collagen
III were increased. These findings were more pronounced
in the DSS/Tg group, indicating that the high expression of
TL1A increased susceptibility to intestinal inflammation
and fibrosis.

EMT is the process of tissue repair and healing, in which
epithelial cells lose polarity and intercellular adhesions to
obtain interstitial markers and transform into mesenchymal
stem cells [36]. Flier et al. [11] used immunofluorescence
staining to evaluate the colocalization of FSP1 and E-cad-
herin, and found that E-cadherin+FSP1+ cells were detected
in mice treated with 2,4,6-trinitrobenzene sulfonic acid
(TNBS). The same conclusion can be obtained in our
research. The epithelial marker E-cadherin was significantly

decreased in DSS/Tg mice compared with DSS/WT mice,
and the interstitial marker FSP1 was significantly increased
in DSS/Tg mice compared with DSS/WT mice, confirming
that EMT is involved in DSS-induced intestinal fibrosis.

Many studies suggest that TL1A promotes the develop-
ment of inflammation by inducing Th2/IL-13 mucosal
responses, which are currently considered a main cause of
colitis. Mice with constitutive expression of TL1A in lym-
phoid or myeloid cells exhibit spontaneous ileitis [19, 32,
37]. The upregulation of activated T cells and regulatory
Foxp3+CD4+ T cells exacerbates intestinal inflammation
related to the mucosal response of Th2 cells [38]. Expression
of IL-13 was increased in TL1A transgenic mice, and block-
ing IL-13 release alleviates the severity of ileitis [19, 32, 37].
In our study, the protein and mRNA expression levels of
IL-13 were significantly higher in DSS/Tg mice than in
DSS/WT mice. Therefore, we concluded that TL1A affects
the intestinal fibrosis process by promoting the secretion of
the fibrotic factor IL-13.
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The fourth ECCO guidelines state that IL-13 activates the
TGF-β1/Smad3 pathway as the central process in intestinal
fibrosis formation [21]. It is reported that IL-4 and IL-13
can synergize with high glucose to promote the expression
of TGF-β1, FN, and collagen I in cultured HK-2 cells, indi-
cating that the secretion of Th2 cytokines (IL-4 and IL-13)
and the upregulated expression of TGF-β1 are key factors
in the development of renal fibrosis [39]. Another study
showed that IL-13 induces fibrosis through the activation of
TGF-β1, and the synergistic effect of IL-13 and TGF-β1
may increase the expression of eotaxin in human fibroblast
[40]. It has also been reported that IL-13 expression could
lead to the proliferation of bronchial epithelial cells via the
production of TGF-α and activation of the epidermal growth
factor receptor (EGFR) [41]. In the current study, IL-13 and
TGF-β1 levels were significantly upregulated in the serum of
DSS mice (most dramatically in DSS/Tg mice) compared
with those of control mice. This positive correlation indicates
that IL-13 and TGF-β1 may be involved in EMT of intestinal
fibrosis.

EMT involves a large number of cell signaling pathways
and complex gene regulation processes, including classical
TGF-β-dependent and TGF-β-independent pathways.
TGF-β signals by binding to its receptor to activate the Smad
complex, which can translocate to the nucleus and regulate
the expression of target genes, such as Snail, ZEB, and bHLH.
In clinical studies, the expression of Slug in inflammatory
mucosa and fibrotic tissue of UC and CD patients was shown
to be increased [42], and the expression of Snail was also
increased in relation to fistula formation of IBD [43]. In the
current study, the protein and mRNA levels of EMT-related
transcription factors Snail1 and ZEB1 were detected by
immunohistochemical staining, Western blot analysis, and
RT-PCR, respectively. It was found that Snail1 and ZEB1
expression was higher in DSS mice, especially in DSS/Tg
mice, than in controls, indicating that EMT is involved in
intestinal fibrosis.

As previously reported, the application of anti-TL1A
antibodies reduce the expression of α-SMA and vimentin,
and are even capable of reversing intestinal fibrosis by sup-
pressing the TGF-β1/Smad3 pathway in adoptively trans-
ferred T-cell colitic mice [22]. BMP-7 is a member of the
transforming growth factor β (TGF-β) superfamily and has
antifibrotic effects in the liver through inhibition of the
TGF-β1/Smad pathway [44]. In mice treated with TNBS,
colocalization of E-cadherin and FSP1 was significantly
decreased when mice received concomitant BMP-7 treat-
ment [11]. In our study, immunofluorescence staining of
HT-29 cells stimulated with TL1A showed that the expres-
sion of E-cadherin decreased, while the expression of FSP1
increased. This process was blocked by the application of
either anti-TL1A antibody or BMP-7, and the inhibitory
effect was maximized by using both in vitro. This could offer
as a novel strategy for the cure or reversal of intestinal
fibrosis.

In summary, we conclude that increased TL1A levels cor-
relate with IBD-associated intestinal fibrosis. Accumulation
of TL1A induces EMT and collagen fiber production in intes-
tinal epithelial cells through an IL-13- and TGF-β1/Smad3

signaling pathway-mediated process. Inhibition of TL1A
expression, therefore, may provide an effective strategy for
relieving intestinal fibrosis.
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Objective. Inflammatory bowel disease (IBD) is a chronic nonspecific inflammatory bowel disease with an unclear etiology. The
active ingredients of traditional Chinese medicines (TCMs) exert anti-inflammatory, antitumor, and immunomodulatory effects,
and their multitarget characteristics provide them with a unique advantage for treating IBD. However, the therapeutic effects
and underlying mechanisms of Xi Lei San in treatment of IBD remain unknown. This study was designed to investigate whether
Xi Lei San exerted an anti-inflammatory effect in IBD via a mechanism involving NLRP3 inflammasomes and autophagy.
Methods. We successfully established a rat model of dextran sulfate sodium- (DSS-) induced colitis as well as a cellular model of
TNF-α-induced colitis. Xi Lei San and indirubin were identified by HPLC analysis. Rats were treated with Xi Lei San or alum
crystals, and their body weights and morphology of intestinal tissues were examined. A western blot analysis was performed to
determine the expression levels of inflammasome-related proteins and autophagy-related proteins, ELISA was performed to
analyze IL-1β, IL-18, and IL-33 concentrations, and flow cytometry was used to monitor cell apoptosis and ROS levels. Results.
Xi Lei San and indirubin were identified by HPLC analysis. We found that Xi Lei San could significantly increase the weights of
rats and improve the structure of the intestinal tissues in DSS-induced colitis model rats. We also found that Xi Lei San
significantly inhibited NLRP3 inflammasome activity, reduced the levels of inflammatory cytokines, and suppressed autophagy
in DSS-induced colitis model rats. In vitro experiments revealed that Xi Lei San could repress apoptosis as well as ROS and
inflammatory cytokine production in TNF-α-induced CACO2 cells by reducing the activity of NLRP3 inflammasomes and
autophagy. Conclusions. Our findings showed that Xi Lei San significantly ameliorated IBD by inhibiting NLRP3 inflammasome,
autophagy, and oxidative stress.

1. Introduction

Inflammatory bowel disease (IBD) is a persistent, chronic,
recurrent, and nonspecific inflammatory disease [1]. IBD is
characterized by the development of intestinal inflammation
caused by polymorphonuclear neutrophils, macrophages,

lymphocytes, and mastocytes and can result in mucosal dam-
age and ulcers [2]. The incidence of IBD has gradually
increased in recent years. While the current affected popula-
tion is mainly young adults, the incidence of IBD is also
increasing among children [3]. IBD includes two types of
intestinal idiopathic inflammatory diseases: ulcerative colitis
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(UC) and Crohn’s disease (CD) [4]. Currently, it is generally
believed that the pathogenic factors associated with IBD
include intestinal mucosa damage, persistent inflammatory
factors, genetic susceptibility, intestinal microecological
damage, and environmental factors [5–7]. However, the etiol-
ogy and specific pathogenesis of IBD remain unclear. The
current treatment for IBD consists of general treatment (rest
and nutrition), medications (anti-inflammatory drugs and
immune regulators), and surgical treatment (total colon resec-
tion) [8, 9]. Conventional Western medicines have drawbacks
that include side effects, a high financial cost, and a high rate of
disease recurrence [10, 11]. Therefore, it is important to
explore the pathogenic mechanism of IBD and develop new
therapeutic drugs and methods for its treatment.

Numerous clinicians have achieved good results in treat-
ing diseases by using combined methods of syndrome differ-
entiation, internal administration, external irrigation, and
acupuncture [12, 13]. Previous research revealed that tradi-
tional Chinese medicines (TCMs) produce obvious effects
in treating colitis and have the important advantages of low
cost, fewer side effects, and ease of use for an extended time
period [14, 15]. Some domestic literature has reported that
Xi Lei San, a class of Chinese patent medicine, is highly effec-
tive for treating IBD and shows unique advantages in terms
of symptom control and producing fewer side effects [16].
Xi Lei San consists of seven TCMs, including indigo natura-
lis, calculus bovis factitius, pearl, borneol, human fingernails,
ivory crumbs, and uroctea, and has been shown to be effec-
tive in detoxifying saprophytes [17]. Xi Lei San was recently
shown to facilitate the healing of peptic ulcers and exert
broad-spectrum antibacterial, anti-inflammatory, and astrin-
gent myogenesis effects [17]. However, the efficacy of Xi Lei
San and its mechanism of action in treatment of IBD are
not fully understood.

The NLRP3 inflammasome is a multiprotein complex
[18] that not only plays a central role in the innate immune
response but also plays an important role in the pathogenesis
of autoimmune diseases by regulating the differentiation and
function of immune cells [19, 20]. The activation of NLRP3
inflammasomes can activate caspase-1, further induce the
maturation of interleukin 1β (IL-1β), and thereby regulate
an inflammatory response [21]. Some studies have shown
that NLRP3 inflammasome is closely related to IBD remis-
sion [22, 23]. Additionally, autophagy has been widely recog-
nized being participated in IBD. For example, Pott et al.
suggest that autophagy in intestinal epithelial cell protects
cells from chronic inflammatory injury (Pott, 2018 #52).
However, the relationship between autophagy and NLRP3
inflammasomes remains uncertain whether Xi Lei San allevi-
ates IBD by regulating NLRP3 inflammasome activity and
autophagy.

In the current study, we successfully established both a
DSS-induced rat model of colitis and a TNF-α-induced cellu-
lar model of colitis. We then explored the influence of Xi Lei
San on body weight, morphological changes in intestinal
tissues, NLRP3 inflammasome, autophagy, and apoptosis.
Our studies revealed that Xi Lei San exerts a regulatory effect
on NLRP3 inflammasomes, suggesting those inflammasomes
as targets for treating IBD.

2. Materials and Methods

2.1. Animals. A total of 20 healthy SPF-grade SD female rats
(180-220 g) were purchased from Sun Yat-sen University
(No. 44008500019433; License no.: SYXK (Guangdong)
2016-0112) and housed at the North Sichuan Medical Col-
lege. The rats were housed in a room with a 12h light/dark
cycle, a temperature of 20-24°C, and a humidity of 50-60%;
food and water were available ad libitum. The study protocol
was approved by the Ethical Review Committee of SLAS.

2.2. Colitis Rat Model. After 1 week of adaptive feeding, SD
rats were fed 4.5% dextran sulfate sodium (DSS; MP Biomed-
icals) in water for 7 days along with their normal diet. In
brief, the rats were randomly assigned to a control group
(conventional diet), model group (regular diet followed by
drinking 4.5% DSS in water for 7 days), low-dose Xi Lei
San group (DSS model rats were treated with 100mg/kg/day
of Xi Lei San for 7 days), and high-dose Xi Lei San group
(DSS model rats were treated with 200mg/kg/d of Xi Lei
San for 7 days). The body weights of the SD rats in each
group were examined at 1, 3, 5, 7, 9, 11, and 14 days. The
SD rats received a daily Disease Activity Index (DAI) score.
The stool properties of the rats were observed, and any fecal
occult blood was detected and recorded. After the dietary
intervention, a 10 cm segment of distal colon was collected
from each rat. The colon segments were quick-frozen in
iquid nitrogen and subsequently stored at -80°C for use in
western blot assays. A portion of each distal colon was fixed
in 4% paraformaldehyde for H&E staining and immunohis-
tochemistry analysis. Samples of blood serum were collected
and stored in a -80°C refrigerator for use in ELISA.

2.3. Cell Culture and Treatment. Frozen CACO2 cells were
warmed to 37°C and then pelleted by centrifugation (1000g
for 5min). After being resuspended, the cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS;
Gibco, cat. no. 10099-141) and 10 g/mL penicillin/strepto-
mycin (Gibco, cat. no. 15140122) in a 37°C incubator con-
taining 5% CO2. A cellular model of colitis was constructed
by adding TNF-α to the CACO cells. Other groups of
CACO2 were also treated with Xi Lei San and/or alum
crystals in addition to TNF-α.

2.4. High-Performance Liquid Chromatography (HPLC). As in
previous studies [24, 25], the chromatograms of Xi Lei San and
indirubin were confirmed by HPLC. Xi Lei San and indirubin
solutions were prepared and analyzed by HPLC performed
using a Hypersil NH2 column (250mm × 4:6mm, 5mm).
The column temperature, flow rate, and injection volume were
30°C, 1mL/min, and 2.0μL, respectively. The detection wave-
length was 289nm. The mobile phase consisted of water (A)
and acetonitrile (B), and the samples were eluted using the fol-
lowing gradient: 0~5.5min, 97% (B); 5.5-6min, 97-90% (B);
6~20min, 90% (B); and 20~21min, 90%~97% (B). MS/MS
was conducted using ionized electrospray ionization (ESI+).
The atomization temperature of the ion source was 500°C;
the flow rates were 8, 6, and 14mL/min, respectively; and the
focusing voltage, suction voltage, and suction voltage of
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collision charge were 82V, 10V, and 13V, respectively. Results
were determined using a multireaction monitoring model. The
Xi Lei San used for this study was provided by Zhejiang Dong-
tan Pharmaceutical., Ltd., Taiji Group (Batch No. 18010003).

2.5. Hematoxylin and Eosin Staining (H&E Staining). Tissues
were fixed by 4% paraformaldehyde and embedded by paraffin.
Serial sections were obtained, and then, dehydration and
dewaxing were performed. Sections were placed in distilled
water for 2min and then stained with hematoxylin for 5min.
After washing, the sections were dehydrated with 95% ethanol
for 5 s and then stained with eosin for 30 s. After staining, the
sections were dehydrated two times in 95% ethanol and then
made transparent by two 5min immersions in xylene. Finally,
the tissue sections were sealed with neutral gum.

2.6. Western Blotting. The colonic tissues from each group
were ground, and the CACO2 cells from each group were
collected. Next, the cells were lysed in RIPA lysate buffer
(Beyotime, China) containing a protease inhibitor and then
centrifuged. The total protein content in each supernatant
was determined using a Bradford protein assay kit (Bio-
Rad, Hercules, CA, USA). A 40μg sample of total protein
from each sample was separated by SDS-PAGE electrophore-
sis (separation gel: 80V, spacer gel: 100V), and the protein
bands were transferred onto PVDF membranes (30mA,
90min). After being blocked, the membranes were incubated
with primary antibodies overnight at 4°C, followed by incu-
bation with an HRP-labeled secondary antibody for 60min
at 37°C. The immunostained protein bands were visualized
using an ECL kit (Thermo Fisher Scientific, Waltham, MA,
USA), and their staining intensities were determined. The pri-
mary antibodies used were obtained from Abcam (Cambridge,
UK) and included antibodies against NLRP3 (1 : 1000,
ab263899), IL-1β (1 : 1000, ab9722), caspase-1 (1 : 1000,
ab62698), ASC (1 : 1000, ab175449), IL-18 (1 : 1000, ab71495),
LC3B (1 : 800, Boster), p62 (1 : 1500, Boster), and GAPDH
(1 : 2000, ab9485).

2.7. ELISA. The levels of IL-1β, IL-18, and IL-33 were deter-
mined by using the appropriate ELISA kits according to
instructions provided by the supplier. The optical density
(OD) of each well at 450 nm was determined by using an
automatic enzyme marker (RT-2100C).

2.8. Flow Cytometry Analysis for Apoptosis. The CACO2 cells
from each group were suspended in PBS and then diluted to a
concentration of 1 × 106 cells/mL. After the cells were
washed, 5μL of PI and 5μL of Annexin V-FITC (Abnova,
cat. no. KA3805) were added to each tube of cells, and the
tubes were placed in the dark for 10min. Next, 200μL of
binding buffer was added to each tube, and the cells were
analyzed by flow cytometry (BD Biosciences, Franklin Lakes,
NJ, USA). The data were analyzed using ModFit software.

2.9. Immunohistochemistry. Serial sections have undergone
antigen retrieval and blocking after dehydration and dewax-
ing. Subsequently, sections were incubated with primary
antibody (caspase-3, Boster Bio, cat. no. PB9188, 1 : 100).
Afterward, sections were incubated with secondary antibody

(Dako, cat. no. K5007, ready-to-use) followed by color devel-
opment using DAB reagent (Beyotime, cat. no. P0202) and
redyed by hematoxylin. Finally, sections were sealed by
neutral resins for observation under a microscope.

2.10. Flow Cytometry Analysis for ROS. Treated CACO2 cells
were placed into the wells of 6-well plates with ~80% surface
coverage. After 48 h of culture, the cells in each well were
washed 3 times and then treated with 40μmol/L DCFH-
DA staining solution for 30min. After washing, the ROS
levels were determined by flow cytometry (BD Biosciences)
performed with an excitation wavelength of 488 nm and an
emission wavelength of 525 nm.

2.11. Statistical Analysis. All data were analyzed using IBM
SPSS Statistics for Windows, Version 20.0 software (IBM
Corp., Armonk, NY, USA), and results are expressed as the
mean value obtained from three replicate experiments.
Differences between groups were analyzed by one-tailed
ANOVA followed by Tukey’s post hoc test. P values < 0.05
were considered to be statistically significant.

3. Results

3.1. Xi Lei San and Indirubin Were Identified by HPLC. To
examine the potential effects of Xi Lei San in colitis, we first
analyzed the structure and molecular weight of Xi Lei San
and indirubin. The molecular structure of indirubin is shown
in Figure 1(a), and its molecular formula is C16H10N2O2. We
used HPLC to confirm the chemical structures and relative
molecular weights of Xi Lei San and indirubin used in this
study. A chromatographic peak for indirubin was detected, as
shown in Figure 1(b). The same method was used to detect
the chromatographic peak for Xi Lei San (Figure 1(c)). These
findings showed that indirubin was themain active component.

3.2. Xi Lei San Relieved DSS-Induced Colitis in Rats. In order
to assess the therapeutic effect of Xi Lei San in colitis, we estab-
lished a DSS-inducedmodel of enteric colitis in rats.We found
that administration of 4.5% DSS for 7 days resulted in a
significant weight loss in rats, and the weight loss could be
attenuated by the addition of Xi Lei San and especially high
doses of Xi Lei San to the diet of the model rats (P < 0:05
and P < 0:01, Figure 2(a)). We also found that the DAI values
for the DSS model rats were significantly reduced after treat-
ment with Xi Lei San, due to increases in body weight reduced
defecation (P < 0:05, Figure 2(b)). H&E staining results
showed that the intestinal mucosa of rats in the normal group
was intact and no obvious abnormalities were observed. In the
DSS model group, most of the intestinal glands had disap-
peared, the structure of epithelial cells was destroyed, and
the intestinal tissues showed severe inflammatory changes
and evidence of neutrophil infiltration. However, Xi Lei San
notably ameliorated all those changes in the DSS model group
(Figure 2(c)). Besides, caspase-3 expression was higher in the
DSS model group compared with that in rats in the control
group, while Xi Lei San administration reversed caspase-3
expression (Figure 2(d)). These results indicated that Xi Lei
San could significantly ameliorate the histological features of
colitis in rats induced with DSS.
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3.3. Xi Lei San Prevented the Activation of NLRP3
Inflammasomes and Autophagy in Rats with DSS-Induced
Colitis. We next sought to examine how Xi Lei San affected
inflammation in rats with colitis induced by DSS. First, the
expression levels of NLRP3 inflammasome-related proteins
were determined by western blotting. Our results showed
that the levels of NLRP3, IL-1β, and caspase-1 expression
were significantly increased in the DSS-induced model
group when compared with those in the control group,
and those elevated expression levels could be significantly
reduced by Xi Lei San treatment and particularly by treat-
ment with high doses of Xi Lei San. In contrast, there was lit-
tle change in the levels of ASC in each group (Figure 3(a)).
ELISA data showed that the DSS model rats had significantly
higher levels of IL-1β, IL-18, and IL-33 in their serum, and

those increases could be reversed by Xi Lei San, with the
high-dose Xi Lei San group showing the more significant
reversal effect (P < 0:05 and P < 0:01, Figure 3(b)). As shown
in Figure 3(c), activation of autophagy in DSS model rats
was presented as characterized by higher value of LC3B II/I
and weaker expression of p62, while the LC3B II/I ratio was
reversed by Xi Lei San delivery, together with elevated p62
expression (Figure 3(c)). When taken together, these findings
showed that Xi Lei San significantly inhibited the activity of
NLRP3 inflammasomes and autophagy in the DSS-induced
colitis model rats.

3.4. Xi Lei San Inhibited NLRP3 Inflammasomes and
Apoptosis and Reduced ROS and Inflammatory Cytokine
Production in TNF-α-Stimulated CACO2 Cells. Similarly,
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Figure 1: Xi Lei San and indirubin were identified by HPLC. (a) The molecular structure of indirubin. The chromatograms of (b) Xi Lei San
and (c) indirubin as obtained by HPLC.
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in vitro experiments further verified the effects of Xi Lei San
on NLRP3 inflammasomes, apoptosis, ROS, and inflamma-
tory factors. For conducting these studies, we established a
cellular model of colitis by stimulating CACO2 cells with
TNF-α. Our results showed that the levels of NLRP3, IL-18,
IL-33, and IL-1β expression in the TNF-α-induced model
cells were significantly higher than those in blank cells.
Furthermore, administration of Xi Lei San could partially
reverse the increases in those three proteins in TNF-α-stim-
ulated CACO2 cells (P < 0:05 and P < 0:01, Figures 4(a)
and 4(b)). We also found that the apoptosis rate of CACO2
cells in the TNF-α induction group was higher than that of
cells in the blank group, and the enhancement in apoptosis
could be attenuated by Xi Lei San (Figure 4(c)). Furthermore,

we found that TNF-α could increase the levels of ROS in
CACO cells, while Xi Lei San attenuated those increases
(Figure 4(d)). Finally, the levels of IL-1β, IL-18, and IL-33
were significantly higher in the TNF-αmodel cells than those
in the control cells, while those levels were significantly lower
in the Xi Lei San-treated cells than in the TNF-α-treated cells
(P < 0:05 and P < 0:01, Figure 4(e)). These data further con-
firmed that Xi Lei San could exert a regulatory effect in an
in vitro CACO2 cell model of colitis.

3.5. Xi Lei San Suppressed Apoptosis, ROS Production, and
Autophagy in TNF-α-Stimulated CACO2 Cells by NLRP3
Inflammasomes. After considering the relationships found
among NLRP3 inflammasomes, apoptosis, ROS, and
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Figure 2: Xi Lei San relieved DSS-induced colitis in rats. (a) A DSS-induced rat model of colitis was constructed, and the model rats were
treated with low or high doses of Xi Lei San. The body weights of the rats in each group were measured. (b) After treatment with Xi Lei
San, a DAI score was calculated for each group of rats. (c) The pathological examination for rat intestinal tissues was observed after H&E
staining. (d) Caspase-3 expression was detected by using immunohistochemistry. ∗P < 0:05 and ∗∗P < 0:01 vs. the control group; #P < 0:05
vs. the model group.
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Figure 3: Xi Lei San prevented the activation of NLRP3 inflammasomes and autophagy in rats with DSS-induced colitis. (a) The DSS model
rats with ulcerative colitis were treated with low or high doses of Xi Lei San. NLRP3, IL-1β, caspase-1, and ASC expression determined by
western blotting. GAPDH served an internal reference protein. (b) ELISA kits were used to analyze the concentrations of IL-1β, IL-18,
and IL-33 in each group. (c) Autophagy-related proteins, LC3B and p62, were measured by western blotting. ∗P < 0:05 and ∗∗P < 0:01 vs.
the control group; #P < 0:05 and ## P < 0:01 vs. the model group.
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Figure 4: Xi Lei San inhibited NLRP3 inflammasome activity and apoptosis and reduced the levels of ROS and inflammatory cytokines in
TNF-α-stimulated CACO2 cells. A cellular model of colitis was constructed by inducing CACO2 cells with TNF-α, and groups of colitis
model cells were then treated with low or high doses of Xi Lei San, respectively. (a) NLRP3, IL-18, IL-33, and IL-1β levels in the CACO2
cells were examined by western blotting. (b) A statistical analysis of western blotting results was performed based on grayscales. (c) The
effect of Xi Lei San on the apoptosis of TNF-α-induced CACO2 cells was examined by flow cytometry. (d) The ROS levels in each group
of CACO2 cells were also examined by flow cytometry. (e) ELISA was performed to monitor IL-1β, IL-18, and IL-33 levels. ∗∗P < 0:01 vs.
the control group; #P < 0:05 and ##P < 0:01 vs. the TNF-α group.
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Figure 5: Xi Lei San suppressed apoptosis and reduced ROS levels and inflammation in TNF-α-stimulated CACO2 cells by inhibiting NLRP3
inflammasomes. TNF-α-induced CACO2 cells were treated with Xi Lei San and alum crystals. (a) A western blotting analysis was performed to
examine the levels of NLRP3, IL-18, IL-33, and IL-1β expression in the CACO2 cells following their treatment with Xi Lei San and alum crystals.
(b) A quantitative analysis of western blotting results was performed. (c) A flow cytometry analysis showed the apoptosis rate of CACO2 cells
after treatment. (d) ROS production was determined by flow cytometry. (e) ELISA assay was used to detect the concentrations of IL-1β, IL-18,
and IL-33 in the treated CACO2 cells. ∗∗P < 0:01 vs. the control group; #P < 0:05 vs. the TNF-α group; $P < 0:05 and $$P < 0:01 vs. the TNF-
α+Xi Lei San group.
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inflammation in previous studies [26, 27], we decided to
further examine whether NLRP3 inflammasomes played a
dominant role in the regulatory effects of Xi Lei San on
apoptosis, ROS production, and inflammation in our cellular
model of colitis. The colitis model cells were induced with
TNF-α and then treated with Xi Lei San and alum crystals.
As expected, the alum crystals further reversed the downreg-
ulation of NLRP3, IL-18, IL-33, and IL-1β expression that
was mediated by Xi Lei San in TNF-α-stimulated CACO2
cells (P < 0:05 and P < 0:01, Figures 5(a) and 5(b)). Similarly,
the inhibitory effect of Xi Lei San on apoptosis in TNF-α-
induced CACO2 cells was noticeably reversed by the alum
crystals (Figure 5(c)). We also found that alum crystals could
significantly attenuate the reduction in ROS levels that was
caused by Xi Lei San in TNF-α-stimulated CACO2 cells
(Figure 5(d)). Moreover, ELISA results showed that the Xi
Lei San-mediated reductions in IL-1β, IL-18, and IL-33 con-
centrations could be largely recovered by treatment with
alum crystals (P < 0:05 and P < 0:01, Figure 5(e)). As shown
in Figure 6, the LC3B II/I ratio was increased by TNF-α,
along with decreased p62 expression. Xi Lei San suppressed
autophagy significantly by attenuating LC3B II/I. However,
LC3B II/I was reversed by alum crystal treatment, with a
decreased p62 expression. When taken together, these results
showed that the attenuating effects of Xi Lei San on cell apo-
ptosis, ROS production, and inflammation could be achieved
by regulating NLRP3 inflammasomes.

4. Discussion

The incidence of IBD has been increasing on a yearly basis,
and IBD has become a universal disease of the digestive
system [28]. IBD has been reported to be associated with a
variety of factors, including genetic factors, the autoimmune
system, gut microbes, environmental factors, and mental
factors [29, 30]. Because there is no safe and effective clinical
treatment for IBD, it is important to further study its patho-

genesis. DSS is a water-soluble sulfated polysaccharide that
has been widely used to create rat models of colitis [31]. It
was found that DSS-induced colitis was particularly similar
to human IBD in terms of its clinical manifestations and his-
topathology [32]. In our study, we used DSS to establish a rat
model of colitis. We found that rats in the DSS-induced
colitis group lost significantly more weight and their colon
tissues showed signs of structural damage and severe inflam-
mation when compared to colon tissues in control rats. TNF-
α, as the initiating molecule in the cytokine network, is
mainly produced by activated mononuclear macrophages
[33, 34]. Research has shown that TNF-α can induce the pro-
duction of inflammatory cytokines, amplify inflammatory
chain reactions, and cause intestinal mucosal damage when
participating in the inflammatory and immune responses of
IBD [35, 36]. In our study, TNF-α-induced CACO2 cells
were used as an in vitro model of colitis. We found that apo-
ptosis, ROS levels, and inflammation were all significantly
enhanced in the TNF-α-induced colitis model cells.

From the perspective of traditional medicine, IBD
belongs in the category of “intestinal apnea” and “dysentery”
and should be treated with drugs that clear heat, cool blood,
and promote granulation [37]. Xi Lei San is composed of
seven TCMs, which have the effects of detoxification, resolv-
ing stagnation, and promoting granulation [17]. Xi Lei San
was originally used to treat mouth ulcers, throat erosion,
and swelling [16]. The intestinal mucosa of IBD lesions show
signs of ulceration, erosion, and bleeding, and the pathogen-
esis and manifestations of IBD lesions are similar to those of
oral ulcers and laryngeal erosion. The indigo naturalis
contained in Xi Lei San can cool blood detoxification, sterilize
tissues, and diminish inflammation [38]. Calculus bovis
factitius functions as a sedative, acesodyne, sterilizing agent,
anti-inflammatory agent, and vasoconstrictor and also
increases blood hemoglobin levels [39]. Borneol can relieve
swelling and pain, enhance antisepsis activity, and promote
tissue regeneration [40]. Pearl and ivory crumb have heat
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Figure 6: Xi Lei San reversed autophagy in rats with DSS-induced colitis. ∗P < 0:05 and ∗∗P < 0:01 vs. the control group; #P < 0:05 vs. the
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clearing and detoxification effects; they also promote granu-
lation, the healing of mucosal ulcers, and the removal of
toxins [41]. Studies have shown that Xi Lei San can relieve
symptoms such as diarrhea, pus and blood in stools, and
bellyache as well as promote the healing of ulcers, improve
the clinical symptoms of patients, and reduce the recurrence
rate of IBD [16]. In our study, we further verified that Xi Lei
San could dramatically increase the body weight of rats and
improve the structure and inflammation of colonic tissues
in DSS-induced colitis model rats. Inflammasomes comprise
a class of protein complexes that can recognize different
damage signals [42]. The NLRP3 inflammasome is the main
type of NLRP inflammasome and consists of NLRP3, ASC,
and caspase-1 [20]. The NLRP inflammasome is an intracel-
lular receptor that can regulate an inflammatory response
[43]. NLRP3 inflammasomes, as complexes of multiple
proteins, mainly regulate caspase-1 activity to promote the
maturation and secretion of IL-1β and IL-18 and thus help
to regulate the innate immune response. NLRP3 inflamma-
somes are also known to be associated with IBD pathogene-
sis [22, 44]. In our study, we found that Xi Lei San could
significantly inhibit NLRP3 inflammasome activity in rats
with DSS-induced colitis and also in TNF-α-induced
CACO2 cells. We also showed that Xi Lei San could reduce
apoptosis, ROS production, and inflammatory cytokine pro-
duction in TNF-α-induced model cells by regulating NLRP3
inflammasomes. However, ASC expression was not altered
by Xi Lei San administration. Apoptosis-related speck pro-
tein (ASC) is an adaptor protein that connects intracytoplas-
mic receptors and caspase-1 in inflammasomes. The dimer
formed by ASC aggregation during inflammasome activa-
tion is referred to as ASC speck and usually exists in a solu-
ble form. ASC is located in the cytoplasm and nucleus of
cells undergoing a stress response. ASC was gathered forming
dimer, as a caspase-1 activation platform [45]. The previous
results reported by Samir et al. [46] are similar to ours [46].
Besides, we know that an interaction between NLRP3 inflam-
masome and autophagy has been widely studied. Autophagy
inhibits NLRP3 inflammasome by cleaning infection patho-
genic microorganism (Shao, 2019 #44) and thus enhances
the innate immunity response (Jin, 2020 #50). However,
evidence indicates that autophagy is positively regulated by
NLRP3 inflammasomes (Dupont, 2011 #51). In this study,
we found that NLRP3 inflammasomes were activated in
DSS-induced rat and TNF-α-treated cells in vitro, along with
activated autophagy. Results of this in vitro experiment hinted
that NLRP3 activation by alum crystals also enhanced autoph-
agy. This might be due to the fact that autophagy was also
alum crystal treatment in vitro and this should be further
focused on.

In summary, our in vivo and in vitro studies showed that
Xi Lei San could significantly relieve the symptoms of colitis
in DSS-induced colitis model rats by suppressing the activity
of NLRP3 inflammasomes and reducing autophagy. These
findings suggest Xi Lei San as a Chinese medicine that is
capable of attenuating inflammation in IBD via a mechanism
that involves NLRP3 inflammasomes. However, the interac-
tion between autophagy and NLRP3 inflammasomes should
be further investigated in the future.
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Background. CARD15/NOD2 is the most significant genetic susceptibility in Crohn’s disease (CD) even though a relationship
between the different polymorphisms and clinical phenotype has not been described yet. The study is aimed at analyzing, in a
group of CD patients undergoing surgery, the relationship between CARD15/NOD2 polymorphisms and the clinical CD
behavior after a long-term follow-up, in order to identify potential clinical biomarkers of prognosis. Methods. 191 surgical CD
patients were prospectively characterized both for the main single nucleotide polymorphisms of CARD15/NOD2 and for many
other environmental risk factors connected with the severe disease form. After a mean follow-up of 7.3 years, the correlations
between clinical features and CD natural history were analyzed. Results. CARD15/NOD2 polymorphisms were significantly
associated with younger age at diagnosis compared to wild type cases (p < 0:05). Moreover, patients carrying a 3020insC
polymorphism presented a larger Δ between diagnosis and surgery (p = 0:0344). Patients carrying an hz881 and a 3020insC
exhibited, respectively, a lower rate of responsiveness to azathioprine (p = 0:012), but no difference was found in biologic
therapy. Finally, the risk of surgical recurrence was significantly associated, respectively, to age at diagnosis, to familial CD
history, to diagnostic delay, to arthritis, and to the presence of perioperative complications. Conclusions. 3020insC CARD15
polymorphism is associated with an earlier CD onset, and age at CD diagnosis < 27 years was confirmed to have a detrimental
effect on its clinical course. In addition, the familiarity seems to be connected with a more aggressive postoperative course.
Finally, for the first time, we have observed a lower rate of responsiveness to azathioprine in patients carrying an hz881 and a
3020insC.

1. Introduction

Crohn’s disease (CD (MIM 266600)) is classified as an idio-
pathic inflammatory bowel disease (IBD) with a multifacto-
rial pathogenesis [1–3]. The role of genetics in the
development of CD began to be outlined in the 1980s, based
on studies showing an increased number of cases among
patients’ family members [4]. Genome-wide association
studies (GWAS) provided the identification of up to 163 loci

in the human genome associated with IBD, significantly
more than that in any other complex diseases [5, 6–13].

In addition, several risk factors for CD development have
been reported, but it is still unknown if their pathogenic
mechanism could be mediated by genetics: smoking habit is
probably the most studied one [14, 15–23], and medical
and surgical recurrence rates are significantly higher in
smoking CD patients [24–28, 29, 30]. Previous appendec-
tomy seems another risk factor [31–33, 34, 35]; also, the use
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of antibiotics during the first years of life seems to be associ-
ated with early CD development [36–38], and similar experi-
ences in adults who underwent long-lasting prior antibiotic
or NSAID use are reported too [39–44]; breastfeeding seems
protective for CD [45–48].

Little experiences reported that patients carrying
NOD2/CARD15 polymorphisms could develop a more
aggressive form of Crohn’s disease showing a trend for an
early surgery followed by multiple surgical interventions
[13]. However, a real clinical definition of aggressiveness is
still lacking, and the role of genetic factors in the clinical
CD history is still undefined.

In this monocentric study, we have enrolled a cohort of
patients characterized by a severe CD disease requiring sur-
gery and analyzed the relationship between the different
polymorphisms and the postoperative clinical disease behav-
ior after a long-term follow-up in order to detect potential
biomarkers of Crohn’s disease course.

2. Materials and Methods

2.1. Patients. After Ethical Committee approval and
informed consent signature, prospectively, peripheral blood
samples were collected from 191 Caucasian CD patients con-
secutively admitted for abdominal surgical operation to the
IBD surgical unit of the Department of Surgery and Transla-
tional Medicine of the University of Florence, during the
period January 2010-December 2014. No other exclusion cri-
teria were adopted in our prospective observational study,
characterized by a mean follow-up of 7.3 years (range 5.1-
9.2). Examined clinical data included gender, age at diagno-
sis, family history of IBD, presence of extraintestinal or peri-
anal disease, number of IBD-associated surgeries and
intersurgical interval, recurrence of disease, surgical compli-
cations, and status of disease. Demographic and clinical fea-
tures of patients are reported in Table 1.

2.2. Genomic DNA Extraction.Genomic DNA of patients was
extracted from peripheral blood leukocytes with a Wizard
Genomic DNA Purification Kit (Promega, Madison, WI,
USA) according to the manufacturer’s instructions and
quantified by a NanoDrop-1000 Spectrophotometer (Nano-
Drop Technologies, Wilmington, DE, USA).

2.3. CARD15/NOD2 Gene Polymorphism Analysis. Exons 4,
8, and 11 of the NOD2 gene were amplified by PCR for the
detection of R702W, G881R, and 3020insC polymorphisms
(representing 32%, 18%, and 31%, respectively, of the total
CD polymorphisms). They were sequenced using specific
couples of primers and PCR condition as reported in
Table 2. The distribution of detected genotypes of our surgi-
cal patients is shown in Figure 1 and Table 3.

R702W and 3020insC polymorphism were screened by
PCR-based sequencing reaction, using a BigDye Terminator
Purification Kit (Applied Biosystems, Foster City, CA,
USA) and the ABI Prism 310 Genetic Analyzer (Applied Bio-
systems). G881R polymorphism has been screened by PCR-
based enzymatic digestion using HhaI restriction endonucle-
ase (Fermentas, Burlington, Canada).

Through sequencing reaction and microcapillary electro-
phoresis in a ABI Prism 310 automated sequencer (Applied
Biosystems®, Foster City, Calif., USA), electropherogram by
fluorescence detection was obtained. Clinical and anamnestic
data collected for the CD patients—including age of disease
onset, disease location and severity, and smoking habit—-
were analyzed and correlated with the genetic profile.

2.4. Statistical Analysis. Statistical analyses were performed
using the STATGRAPHICS Centurion XVI.II (Statpoint
Technologies Inc., Warrenton, VA) and GraphPad Prism
7.00 (GraphPad Software, San Diego, CA). Normality was
verified with the Kolmogorov-Smirnov test. Normally dis-
tributed and continuous variables were expressed as the
mean ± standard error ðSEÞ. Nonnormally distributed vari-
ables were expressed as the median and interquartile range.
Differences among proportions were evaluated using the χ2

test or t-test, as appropriate. Comparison of continuous var-
iables between two groups was performed using Student’s t
-test (normally distributed) or Mann–Whitney test (nonnor-
mally distributed); differences among groups were analyzed
by ANOVA or Kruskal-Wallis test if nonnormally
distributed.

Logistic regression analysis was used to determine the
predictors of recurrence, perianal disease, surgical complica-
tions, and disease behavior. The independent variables tested
include patient factors (age at diagnosis, gender, genotype,
smoking habits, cigarettes/years, family history of IBD, aller-
gies, breastfeeding, and antibiotic use in childhood), disease
factors (first clinical presentation, diagnostic delay (calcu-
lated as the time between the first symptom/s due to CD
and the clinical diagnosis), number of previous surgeries,
presence of fistulae and/or abscesses, and disease location),
pharmacological therapy factors, and other preoperative fac-
tors: presence of anaemia, appendectomy before surgery,
tonsillectomy, arthritis, skin extension, neoplasia, and auto-
immune disease.

All the independent variables were forced in the Cox pro-
portional hazard model with backward elimination and
applied to select the most promising subset of predictors by
multiple regression.

Results of regression analysis are reported as odds ratios
(ORs) with the respective 95% CI while statistical significance
was set at p < 0:05.

3. Results

3.1. Patient’s Characteristics. CARD15/NOD2 polymor-
phisms were found in 66 out of 191 CD patients analyzed:
53 patients were heterozygotes, carrying both a normal and
a mutated sequence, and 13 individuals were found to be
homozygotes.

The mean age at diagnosis was shown to be significantly
different between wt (wild type) patients (33:25 ± 1:2, range
10-71) and the mutated (etero+omo) group (27:28 ± 1:28,
range 11-57).

Additionally, data regarding the residence country of the
patients was collected: 55.28% of wt patients live in central
Italy, 41.46% in southern Italy, and 3.25% in northern Italy.
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Table 1: Demographic and clinical features of CD patients.

All cases Wild type (WT) Polymorphism carriers (etero+omo)

Number of patients 191 125 66

Age of onset (yrs) 27 (21.5-38.5) 28 (23-43.5) 25 (19.25-34)∗

Δ diagnosis-surgery (months) 12 (6-36) 12 (5-40) 12 (6-36)

Gender

Male 110 (58%) 68 (54%) 42 (64%)

Female 81 (42%) 57 (46%) 24 (36%)

Smoking habit

No 57 (33%) 31 (28%) 26 (44%)∗

Yes 54 (32%) 35 (31%) 19 (32%)

Former 60 (35%) 46 (41%) 14 (24%)

Pack years 15 (6-27) 18 (10-35) 9 (5-18)∗∗

Disease location

Ileo 112 (59%) 74 (59%) 38 (57%)

Colon 20 (10%) 15 (12%) 5 (8%)

Ileocolon 59 (31%) 36 (29%) 23 (35%)

Disease behavior

Inflammatory 20 (11%) 13 (10%) 7 (11%)

Stricturing 84 (44%) 57 (46%) 27 (41%)

Fistulising 18 (9%) 10 (8%) 8 (12%)

Stricturing and fistulising 69 (36%) 45 (36%) 24 (36%)

Extraintestinal disease

Skin 27 (14%) 19 (15%) 8 (12%)

Arthritis 60 (31%) 41 (33%) 19 (29%)

Perianal fistulae 65 (34%) 39 (31%) 26 (39%)

Medication responsiveness

Mesalazine 140 (92%) 94 (93%) 46 (88%)

Steroids 126 (81%) 80 (81%) 46 (82%)

Azathioprine 73 (72%) 44 (72%) 29 (73%)

Infliximab 33 (57%) 20 (54%) 13 (62%)

Adalimumab 46 (75%) 24 (75%) 22 (76%)

Type of surgery

Resection 157 (82%) 100 (80%) 55 (83%)

Resection+SXPL 34 (18%) 25 (20%) 11 (17%)

Recurrence 99 (52%) 64 (51%) 35 (53%)

Multiple operations (≥2) 99 (52%) 63 (50%) 36 (55%)

History of urgent surgery 47 (25%) 32 (26%) 15 (23%)

Minimum surgery-free interval (yrs) 3 (0.5-9) 3 (0.5-8) 3 (0.2-13.5)

Mean surgery-free interval (yrs) 5 (2-9) 5 (2-8) 5 (2-13.5)

Digestive cancer 5 (3%) 3 (2%) 2 (3%)

Extraintestinal cancer 9 (5%) 7 (6%) 2 (3%)

Immunological comorbidity

Autoimmunity 26 (14%) 17 (14%) 9 (14%)

Asthma 8 (4%) 4 (3%) 4 (6%)

Allergies 49 (26%) 28 (22%) 21 (32%)

Familial IBD 42 (26%) 29 (27%) 13 (24%)

Disease status

Quiescent 95 (66%) 56 (62%) 39 (74%)

Active 49 (34%) 35 (38%) 14 (26%)

Data are median (interquartile range 25–75) for continuous variables and number (percentage) for categorical variable. ∗p < 0:05, ∗∗p < 0:01WTvs. etero+omo,
by χ2 or Mann–Whitney test.
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The etero+omo group had a slightly higher but not signifi-
cant percentage of individuals coming from central Italy
(60.32%).

The distribution of never smoker, current smoker, and
former smoker patients was significantly different in the
two genetic groups (p = 0:04): compared to wt, etero+omo
patients presented a higher percentage of nonsmokers
(44.07% vs. 27.68%) and fewer former smokers (23.73% vs.
41.10%). Moreover, the mean smoked pack-years in smokers
(number of cigarettes smoked per day/20 × number of years
smoked) were 20:70 ± 3:62 for wt and 13:24 ± 2:78 in the
etero+omo group (p = 0:0017).

About childbirth, 48 patients did not clearly remember
their delivery and early-life period, and so, we consider for

this analysis only the other 143 patients (7.69% reported
birth by caesarean delivery, and 1.40% referred obstetrical
complications); wt and etero+omo did not differ signifi-
cantly. In addition, 23.78% did not receive maternal breast-
feeding, with a similar frequency in the genotype groups;
34.96% have received long-lasting or repeated antibiotic
treatment in childhood, more frequently in the etero+omo
group (38.46% vs. 31.87%). Family IBD history documented
through specialist medical genetic counselling was reported
in 25.61% of the cases. Up to 20.12% declared to have one
or more relatives affected by CD, 3.05% by UC, and 2.44%
referred family history positive for both IBDs. The percent-
ages of familial and sporadic cases were similar in the wt
and etero+omo groups.

3.2. Association with Clinical Features. No differences were
found between wt and etero+omo regarding the median
delay (12 months for both groups), although the mean value
was higher in the wt group (50:21 ± 9:23 vs. 28:67 ± 5:49
months, p = 0:13). However, when divided according to the
type of polymorphism, an etero+omo patient presented a
diagnostic delay significantly different (p = 0:0344); in partic-
ular, patients carrying a 3020insC polymorphism presented a
larger Δ between diagnosis and surgery.

No evidence of different clinical presentation was found
between the wt and etero+omo patients. The majority of
them in both groups declared that the first symptom was
alteration of the alvus (intestinal obstruction 29.71% or diar-
rhoea 18.86%); 3.43% presented with perianal fistulae, while
34.29% referred a wider spectrum of symptoms (diarrhoea,
abdominal pain, weight loss, asthenia, and anaemia).

The distribution of disease location was not significantly
related to the genotype: isolated ileal location was present
in 57.57% of etero+omo and in 59.20% of wt patients; similar
frequency in the two groups was found for colic disease (7.57
vs. 12.00%, respectively), while 34.85% of etero+omo and
28.80% of wt had ileocolic disease.

Moreover, arthritis was reported in 31.41% of the popu-
lation, and skin manifestations such as erythema nodosum
or pyoderma gangrenosum were present in 14.14% of the
patients. The frequency of arthropathy did not show a differ-
ence between etero+omo and wt (28.69% and 32.80%,
respectively, p = 0:32), as well as skin extension (12.12%
and 15.20%, respectively, p = 0:33).

We documented a perianal disease in 34.03% of cases,
affecting 31.20% of wt and 39.39% of etero+omo patients
(Table 4). Further, 3 etero+omo and 1 wt patients referred

Table 2: Primers and PCR condition used for the detection of R702W, G881R, and 3020insC polymorphisms in NOD2 gene.

Exon Polymorphism Primers Annealing temperature

4 Arg702Trp (R702W)
5′-AGATCACAGCAGGCCTTCCTG-3′
5′-GCCAATGTCACCCACAGAGT-3′ 59°C

8 Gly881Arg (G881R)
5′-AAGTCTGTAATGTAAAGCCAC-3′

5′-CCCAGCTCCTCCCTCTTC-3′ 55°C

11 3020insC
5′-CTCACCATTGTATCTTCTTTTC-3′
5′-GAATGTCAGAATCAGAAGGG-3′ 55°C

Hz320insC

Hz702F

HzG881R

Hz925ex8

HzG881R-hzL795

HzR702W-HzL795

Hz3020insC/G881R

Exon4_double_peakAC125fw

Oz3020insC

OzG881R

OzR720W

hzR789Q

Wild type

125

11

24

7

6

2

1
1
1

1
111

Figure 1: Genotype distribution of the clinical sample population.
The figure shows the distribution of CARD15/NOD2 genotypes
detected in the examined cohort of surgical patients (number of
patients).
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Table 3: Demographic and clinical features of polymorphism carriers.

Type of polymorphism R702W G881R 3020insC Double variant

Number of patients 25 15 13 10

Age of onset (yrs) 24.5 (19-31.25) 29 (20-38) 22.5 (19.25-26.5) 28 (16-42.5)

Δ diagnosis-surgery (months) 12 (4-12) 10 (6-43) 36 (12-84) 24 (12-55)∗

Gender

Male 15 (60%) 10 (67%) 6 (46%) 9 (90%)

Female 10 (40%) 5 (33%) 7 (54%) 1 (10%)

Smoking habit

No 6 (27%) 10 (72%) 7 (58%) 3 (33%)

Yes 9 (41%) 2 (14%) 3 (25%) 4 (45%)

Former 7 (32%) 2 (14%) 2 (17%) 2 (22%)

Disease status

Quiescent 17 (85%) 8 (61%) 9 (82%) 3 (43%)

Active 3 (15%) 5 (39%) 2 (18%) 4 (57%)

Disease location p = 0:0527
Ileo 15 (60%) 8 (53%) 11 (84%) 2 (20%)

Colon 2 (8%) 0 1 (8%) 2 (20%)

Ileocolon 8 (32%) 7 (47%) 1 (8%) 6 (60%)

Disease behavior

Inflammatory 1 (4%) 1 (7%) 1 (8%) 1 (12%)

Stricturing 11 (46%) 7 (46%) 3 (25%) 4 (44%)

Fistulising 2 (8%) 1 (7%) 3 (25%) 2 (22%)

Stricturing and fistulising 10 (42%) 6 (40%) 5 (42%) 2 (22%)

Extraintestinal disease

Skin 4 (19%) 2 (14%) 1 (9%) 1 (14%)

Arthritis 7 (33%) 4 (28%) 5 (45%) 2 (28%)

Perianal fistulae 10 (40%) 4 (27%) 4 (33%) 6 (60%)

Medication responsiveness

Mesalazine 18 (95%) 9 (75%) 11 (100%) 6 (86%)

Steroids 16 (84%) 9 (64%) 11 (100%) 8 (89%)

Azathioprine 15 (100%) 5 (55%) 4 (44%) 4 (80%)∗

Infliximab 4 (50%) 1 (25%) 5 (100%) 3 (75%)

Adalimumab 9 (82%) 4 (67%) 7 (78%) 1 (50%)

Type of surgery

Resection 18 (86%) 12 (80%) 10 (83%) 9 (90%)

Resection+SXPL 3 (14%) 3 (20%) 2 (17%) 1 (10%)

Recurrence 9 (43%) 8 (53%) 8 (67%) 6 (67%)

Multiple operations (≥2) 9 (41%) 9 (60%) 8 (67%) 8 (80%)

History of urgent surgery 2 (9%) 5 (33%) 3 (25%)
p = 0:673
5 (50%)

Minimum surgery-free interval (yrs) 5:058 ± 2:02 7:796 ± 2:8 7:886 ± 2:6 4:157 ± 2:7
Mean surgery-free interval (yrs) 5:81 ± 1:9 8:133 ± 2:7 9:438 ± 2:2 5:957 ± 2:5
Digestive and/or extraintestinal cancer 1 (4%) 1 (7%) 2 (14%) 0

Immunological comorbidity

Autoimmunity 3 (15%) 1 (8%) 3 (27%) 1 (14%)

Asthma 1 (5%) 0 2 (18%) 1 (14%)

Allergies 9 (45%) 5 (36%) 6 (54%) 1 (12%)

Familial IBD 6 (33%) 5 (36%) 1 (10%) 1 (11%)

Data aremean ± SE or median (interquartile range 25–75) for continuous variables and number (percentage) for categorical variable. ∗p < 0:05, ∗∗p < 0:01WT
vs. etero+omo, by χ2 or Kruskal-Wallis test.
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anal fissure without fistulae; one patient reported both. The
risk of perianal disease was significantly lower in patients
with disease localized in the upper part of the intestine,
ileum, or ileum-colon and, borderline, in those with a median
of pack/year less than 6 (p = 0:0538) and higher in the pres-
ence of CARD15 polymorphisms (p = 0:0886) (Table 5).
Perianal disease was correlated to both ileostomy (8.02% of
our patients) and colostomy (2.14%). Smoking habits seemed
to be associated with increased risk of faecal derivation:
9.43% of current smokers and 13.33% of former smokers
underwent ileostomy, vs. 4.88% of never smokers (p = 0:12
). The percentage of definitive stoma did not differ signifi-
cantly between etero+omo and wt patients (12.50 and
9.68%, respectively).

Disease behavior was analyzed and correlated to genetic
profile. Stricturing disease was observed in 43.98% of cases,
9.42% had fistulising behavior, and 36.13% presented both
types of disease, while 10.47% had an inflammatory pattern.
The etero+omo and wt groups presented similar behavior
distribution (p = 0:75).

Drug response was analyzed in terms of reported clinical
improvement (reduction of diarrhoea and/or abdominal
pain). The majority of the patient population (88.43%) had
assumed mesalamine with initial good clinical results;
6.94% reported resistance to the therapy, 0.58% intolerance,
and etero+omo and wt did not differ for such distribution.
Regarding steroid therapy, 81.29% was responsive, 10.79%
showed resistance, and 5.68% showed dependence on corti-
sone. No statistical difference was seen related to genotype.
A similar distribution was evidenced for azathioprine, with
72.28% of responsiveness, 11.44% of resistance, and 5.42%
of intolerance. In this case, we noted significant differences
among etero+omo patients, according to the type of poly-
morphism (p = 0:012); those carrying an hz881 and a
3020insC allelic variant exhibited in fact a lower rate of
responsiveness to azathioprine (Figure 2).

A little number of wt patients (4.71%) received metho-
trexate with partial benefit, while one etero+omo patient
reported unresponsiveness. Similarly, 56.90% of patients
assumed infliximab with good clinical results; 10.84%
declared resistance, and 4.22% showed intolerance. Genotype
did not correlate to particular responsiveness to infliximab.
75.41% of cases treated with adalimumab received benefit,
8.43% was resistant, and only one case resulted intolerant.
History of previous emergency surgery was evaluated as a
marker of disease aggressiveness: 22.73% of etero+omo and
25.60% of wt underwent at least once urgent bowel operation.

About the surgery, 92 patients (48.17%) underwent pri-
mary surgery for CD, while 99 patients (51.83%) were oper-
ated on for a surgical recurrence. Interestingly, surgical
recurrence risk was significantly higher in younger patients
(less than 27 years old) and those with familial IBD; on the
contrary, it was significantly lower in patients with a short
diagnostic delay (less than 1 year), with quiescent disease,
or with no associated arthritis or surgical complications
(Table 3). The presence of CARD15 variants did not change
that frequency nor influenced the site of disease recurrence,
which was, respectively, perianastomotic in 91.21% of cases,
located elsewhere in 7.69%, and both in the site of previous

resection and distally in 1.10% of recurrent patients. Regard-
ing the number of surgical recurrence, 48.17% of patients
were operated once, 27.75% twice, and 24.08% 3 or more
times, with no difference related to genotype, despite the
higher frequency of multiple surgeries among polymorphic
patients (54.54%). Active smokers presented a higher per-
centage of multiple surgeries (37.78%) than never smokers
(33.33%) or former smokers (28.89%). As a parameter of dis-
ease aggressiveness, for patients operated at least twice, the
minimum and mean interval of time between two consecu-
tive operations were also considered. The former presented
a mean value of 5.36 years (range 0.005-23 years) without sig-
nificant difference based on genotype. Similarly, the medium
interval had a mean value of 6.47 years (range 0-24).

Evaluating globally primary and recurrent surgery, the
type of surgical treatment in wt and etero+omo did not differ
significantly: overall, 82.20% of the patients underwent resec-
tive surgery and 17.80% received resection and conservative
operation (one or more strictureplasty/ies).

Furthermore, postoperative complications were reported
in 30.77% of patients (48/156): anastomotic leakage occurred
in 29.17% cases, anaemia-requiring blood transfusion in
14.58%, incisional hernia in 20.83%, wound infection in
12.5%, anastomotic strictures in 4.17%, and mechanical ileus
in 1 case (2.08%) as short bowel syndrome, while 14.58%
experienced a combination of complications.

Postoperative follow-up of the patients was performed
assessing the disease status (quiescent or active inflamma-
tion) or exitus: only a wt 78-year-old woman died, because
of a multiorgan failure 2 years after colic resection for Crohn
colitis. At follow-up, 34.03% of patients had symptomatic
active disease and 65.97% had no sign of inflammation at
both clinical and instrumental follow-up (endoscopy and
MRI). No statistical significance resulted from the compari-
son of the outcome in the etero+omo and wt groups.

History of malignancies was observed in 7.3% of patients,
with no significant difference by genetic profile: cancer of the
gastrointestinal tract was observed in five patients, and 9
extraintestinal sites of tumours were observed. Among wt
patients, one woman presented a rectal adenocarcinoma
associated with hereditary nonpolyposis colorectal cancer
syndrome, 1 woman was operated on for breast cancer at
the age of 20, a heavy smoker man had larynx cancer, two
men were operated on for prostate tumour, two men had

Table 4: Independent variables associated to the perianal disease
risk.

Perianal disease
risk

Odds
ratio

95.0% confidence
intervals

p
value

Lower
limit

Upper
limit

Site 0.0007

Ileum 0.15 -2.94017 -0.802703

Ileocolon 0.36 -2.12092 0.0871799

Pack/years < 6
(yrs)

0.50 -1.38701 0.0248437 0.0538

Genotype 1.87 -0.103337 1.36101 0.0886
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papillary kidney carcinoma, and one man had papillary thy-
roid carcinoma. Among etero+omo patients, a male patient
heterozygote for 3020insC polymorphism underwent surgery
for colloid colon carcinoma which developed on an ulcerated
stenosis after 24 years of Crohn colitis. Breast cancer
occurred at a young age for a woman with heterozygotes
for 3020insC. A never smoker man carrier of G881R hetero-
zygosis and affected by ileocolic CD since the age of 29 had
bladder cancer at the age of 53. A woman hzR702W suffering
from colic CD since the age of 36, when she underwent vul-
vectomy for a rare cancer of the clitoris, and at the age of
68 was operated for rectal adenocarcinoma ex tubule-
villous adenoma.

The presence of autoimmune disease (Hashimoto thy-
roiditis, psoriasis, and vitiligo) showed identical frequency
in both etero+omo and wt groups, 13.6%. Allergies were
reported in 25.65% of the study population, with a higher
but not significantly different frequency among etero+omo
patients (31.82 vs. 22.4% of wt). Even asthma, occurring in
4.19% of the cases, showed no association with genotype.

History of appendectomy performed at a young age was
recorded and correlated to genotype. In the etero+omo
group, 33.93% of cases underwent surgery for acute appendi-
citis, as well as 24.52% of wt (p = 0:20). Moreover, history of
tonsillectomy was investigated as a condition indicating a
possible childhood immune alteration associated with oral
microbiota modification. Etero+omo patients declared to
have undergone tonsillectomy in 22.64% of cases, which is
fewer than wt (32.65%). This finding, though not significant
(p = 0:19), suggest a potential contribution of the removal
of tonsils in the patient immunological alterations.

4. Discussion

IBD-associated loci account for only 13.60% of disease vari-
ance in CD, the rest resulting from the environment or “hid-
den heritability” caused by genetic interactions or epigenetics
[5, 10, 49]. In our series, polymorphisms of CARD15/NOD2
were detected in 66 patients (34.55% of the study popula-
tion). We did not find a phenotypic difference between CD

Table 5: Independent variables associated with the surgical recurrence risk.

Recurrence risk Odds ratio 95.0% confidence intervals p value
Lower limit Upper limit

Age at diagnosis < 27 yrs 3.00 0.251699 1.94821 0.0086

Diagnostic delay < 12 months 0.35 -1.93322 -0.180071 0.0139

No arthritis 0.394 -1.77804 -0.0821999 0.0276

No surgical complications 0.292 -2.14659 -0.314302 0.0062

Follow-up (quiescent disease) 0.231 -2.35501 -0.576888 0.0007

Familial IBD 2.14 0.171336 2.25389 0.0160
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Figure 2: Medication responsiveness of polymorphism carriers. The figure shows themedication responsiveness of polymorphism carrier CD
patients. Data are expressed as percentage. ∗p < 0:05.
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patients who were either homozygous for one or compound
heterozygous for any of the R702W, G908R, and L1007fs var-
iants, suggesting that the respective roles of these variants are
comparable.

According to a systematic review performed by Loftus
et al. among North American IBD patients, the mean age
for CD diagnosis ranged from 33 to 45 years [50]. Moreover,
a recent study investigating all known 163 IBD risk gene loci
has found that increased genetic burden was associated with
early CD diagnosis [51].

In our cohort, the mean age at the time of diagnosis was
31.09 years, but mutant CARD15 subjects were significantly
younger compared to wild type patients: 27.28 years versus
33.25, respectively (p = 0:004). As previously reported, the
risk for CD is 13-fold higher in first-degree relatives of indi-
viduals affected by CD [52]. In our cohort, familial history of
IBD was observed in 25.61% of cases, with similar frequency
in the two genotype groups, and remarkable phenotypic con-
cordance among affected relatives was reported, except for
3.05% of cases who referred familial history positive for
UC. In agreement with published studies, we observed that
familial IBD history increased recurrence risk (OR = 2:14; p
= 0:016) together with a younger age at diagnosis (OR = 3;
p = 0:0086).

Several authors reported a less frequent involvement of
the colon in patients carrying CARD15 polymorphisms,
and ileal location was predicted by higher genetic burden in
CD [53, 54]. Accordingly, ileal CD is allegedly determined
in part by genetic factors, while CD with colonic localization
could be explained more by environmental factors [55].
However, in our series, the genotype is not associated with
a particular disease location.

Ileal CD patients have been demonstrated to present
reduced levels of the antimicrobial peptide alpha-defensin
originating from Paneth-cells [56]. This decrease was more
evident in patients with a 1007 fs variant, suggesting an
altered intestinal microbiota and dysregulated innate immu-
nity. Studies conducted on a murine model suggest that
NOD2 polymorphisms may predispose to CD by decreasing
tolerance to the resident microbial flora [57]. Indeed, CD in
patients carrying at least one variant of CARD15 tends to
show a more aggressive clinical course [58]. In our study, a
retrospective assessment of a possible early-life dysbiosis
was obtained through a multi-item questionnaire investigat-
ing common childhood conditions associated with microbial
impairment, such as caesarean delivery, artificial breastfeed-
ing, and long-term use of antibiotics [59]. In our cohort, sev-
eral patients claimed one or more of these factors,
independently of the genotype, in particular one-third of
them, the antibiotic use in childhood, thus suggesting the
dysbiosis as a pathogenic factor. However, the evidence sup-
porting a causative role of in utero or perinatal measles in CD
development is still insufficient. Our enrolled patients are
Caucasian subjects living in urban areas, mostly in central
and southern Italy, with medium to high social status and
hygiene conditions. A recent study has identified higher
social status, higher educational level of parents, and living
in urban areas as important risk factors for CD and compli-
cations [60, 61].

We included surgical patients, which are complicated CD
cases refractory to medical treatments or with severe organic
complications (fistula-abscess, severe stricture) characterized
according to the parameters indicated by the Montreal classi-
fication. In this cohort, we further analyzed the presence of
possible risk factors that could influence the postoperative
course, promoting recurrence.

An extensive survey investigating genetic and clinical fac-
tors predisposing to perianal manifestations of CD identified
colic CD location as the only significant predictor of perianal
disease [62]. In agreement, our data showed that perianal dis-
ease risk was lower in patients with ileo and ileocolon CD
location (p < 0:001). Genetic variations within the CARD15/-
NOD2 resulted in a higher but not significant risk factor for
perianal CD (OR = 1:87; p = 0:0886). Studies on perianal dis-
ease in CD contrast regarding gender as a risk factor for peri-
anal fistulae. In our cohort, the female/male ratio in patients
affected by perianal disease was 0.80 and not significantly dif-
ferent from the gender ratio of the whole cohort (0.74). On
the contrary, we noted a borderline significant association
between perianal disease risk and the smoke habit
(p = 0:0538), suggesting an increased risk for heavy smokers.

Evaluating our results, we observed several clinical fac-
tors associated with a more aggressive natural CD history,
such as (i) the development of early-onset disease leading
to complications requiring surgery a few years after diagno-
sis, (ii) the presence of extraintestinal disease and perianal fis-
tula, and (iii) the necessity of a permanent stoma. The latter
are factors related to the development of single or multiple
surgical recurrences during follow-up. Even if we did not find
significant association between CARD15 polymorphisms
and disease location, disease behavior, perianal fistulae, risk
of permanent stoma, number of reoperations, and extraintes-
tinal manifestations, analyzing the diagnostic delay of etero
+omo patients, according to the type of polymorphism, we
found that patients carrying a 3020insC polymorphism pre-
sented a larger Δ between diagnosis and surgery (p = 0:0344
). This data indicate that their CD course could be character-
ized by a lower rate of complications that usually bring
patients to surgery. On the contrary, the study of Bhullar
et al. performed in a cohort of only 30 CD patients reported
that patients with 3020insC polymorphism had a signifi-
cantly reduced time between their diagnosis and first surgical
resection, suggesting that the polymorphism leads to a more
aggressive disease form, which rapidly progresses requiring
early surgical intervention [13]. On the other hand, another
study reported that children with the 3020insC polymor-
phism have a 6.6-fold increased risk for developing a strictur-
ing phenotype requiring surgery [63].

Interestingly, we also noted, for the first time, that
patients carrying an hz881 and a 3020insC exhibited a lower
rate of responsiveness to azathioprine (p = 0:012), but no dif-
ference was found in biologic therapy (Figure 2). About aza-
thioprine, we observed a decrease in responsiveness of 20%,
statistically significant in double polymorphism carriers
(Table 3). This evidence is clinically relevant as azathioprine
is commonly used in CD patients. Therefore, a preventive
screening of the double polymorphism carriers could avoid
both delays in starting postoperative therapy with biological
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drugs and the development of adverse events due to azathio-
prine administration, thus maximizing the cost-effectiveness
of medical therapy and tailoring the efficacy on the patients’
characteristics.

Currently, many studies have reduced the importance of
the genetic component in the pathogenesis of Crohn’s dis-
ease, but this study underlines the importance of considering
not only the single mutation but also the associations
between them in the various susceptibility genes known.

The detection of particular combinations of variants
related to the clinical course or treatment responsiveness
could allow the design of new genetic biomarkers, prognostic
or theranostic, leading to a more personalized approach in
CD.

In conclusion, the present study confirms that in Cauca-
sian patients, CD natural history seems not strictly related to
genetic factors; however, CARD15 polymorphisms are asso-
ciated with an earlier CD onset, and both age at diagnosis
< 27 years and familiarity for CD were confirmed to have a
detrimental effect on the postoperative natural history of
the patients. Differences in relation to the three polymor-
phisms have been also detected in our cohort, but essentially,
we documented for the first time that patients carrying an
hzG881R and a 3020insC exhibited a lower rate of respon-
siveness to azathioprine with relevant clinical-correlated
impact.
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Aim. To explore the treatment effect of mica on 2,4,6-trinitrobenzenesulfonic acid solution- (TNBS-) induced colitis in mice.
Materials and Methods. Thirty male BALB/C mice were randomly divided into the control group, the TNBS group, and the
mica group. Control mice were treated with saline solution. Experimental colitis was induced by TNBS (250mg/kg/d) in the
TNBS group and the mica group. After modeling, the mica group was treated with mica (180mg/kg/d) for 3 days, while the TNBS
group continued the treatment with TNBS. All solutions were injected intrarectally. During treatment, body weight and mice
activity were monitored daily. After treatment, the colon tissues of mice were collected; angiotensin II (Ang II), angiotensin-
converting enzyme 2 (ACE2), angiotensin 1-7 (Ang (1-7)), IL-17A, and IL-10 expression was analyzed by ELISA and
immunohistochemistry. Results. Food intake, activity, and body weight gradually decreased in the TNBS group compared to the
control group and the mica group (all P < 0:05). Also, black stool adhesion in the anus and thin and bloody stool were observed in
the TNBS group, but not in the other two groups. Moreover, the expression of Ang II, ACE2, Ang (1-7), IL-17A, and IL-10 in the
TNBS group increased compared to that in the control group. Compared to the TNBS group, ACE2, Ang (1-7), and IL-10 in the
mica group increased, while Ang II and IL-17A decreased (all P < 0:05). Conclusion. Mica can alleviate TNBS-induced colitis in
mice by regulating the inflammation process; it reduces Ang II and IL-17A and increases ACE2, IL-10, and Ang (1-7).

1. Introduction

Inflammatory bowel disease (IBD) is a chronic nonspecific
inflammatory disease that affects the gastrointestinal tract.
Over the past 20 years, the incidence of IBD in Asian coun-
tries, especially China, has shown a rapid increase [1]. In
2018, the standardized incidence of IBD in Daqing, a city
in the west of Heilongjiang province, was 177/100,000,
while it was only 3.14/100,000 in Zhongshan city, Guang-
dong [2]. IBD is characterized by chronic inflammation of
your digestive tract. Early and rapid diagnosis of the disease

and improvement of intestinal inflammation are critical
steps in preventing further progression and improving
prognosis. Yet, the exact etiology and pathogenesis of IBD
remain unclear.

Traditional therapeutic drugs can improve symptoms but
have no effect on the inflammatory process. The renin-
angiotensin system (RAS) is an important regulating system,
which participates in multiple inflammatory responses. RAS
has a vital role in chronic inflammation and early inflamma-
tion. Angiotensin II (Ang II) is an essential active peptide of
the RAS system [3]. Previous studies [4, 5] have found that
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Ang II is expressed in the colon tissues, where it participates
in the process of intestinal inflammatory reaction and tissue
damage [6]. Thus, it may have an important role in the
occurrence of ulcerative colitis.

Mica is a kind of natural layered mineral crystal, which
is used in the clinical treatment of various gastrointestinal
diseases. Previous studies have shown that this mineral
can promote the regeneration of gastrointestinal mucosal
epithelial cells, maintain the mucosal barrier, and have
an inhibitory effect on the inflammation [7]. The aim of
this study was to explore the treatment effect of mica on
TNBS-induced colitis in mice.

2. Materials and Methods

2.1. Animals. Thirty male BALB/C mice, 6-8 weeks old,
weighing 20 ± 5 g, were purchased from the animal experi-
mental center of Zhejiang Chinese Medical University
(2008001664294). All the animals were housed in an envi-
ronment with a temperature of 22-26°C, relative humidity
of 50-60%, and a light/dark cycle of 12/12 h and fed with
standard mouse diet. All animal studies (including the mouse
euthanasia procedure) were done in compliance with the reg-
ulations and guidelines of Zhejiang Chinese Medical Univer-
sity institutional animal care and conducted according to the
AAALAC and the IACUC guidelines.

2.2. Reagents. 2,4,6-Trinitrobenzenesulfonic acid solution
(no. P2297) was produced by Sigma Company in the United
States. Mica microscopical particles were provided by the
Department of Pharmacy, the First Affiliated Hospital of
Zhejiang Chinese Medical University. Rabbit polygonal to
anti-ACE2 antibody was from Abcam, UK; rabbit polygonal
to anti-Ang II antibody from British Biorbyt, UK; rabbit
polygonal to anti-Ang (1-7) from Cloud-Clone Corp., USA;
and rabbit polygonal to anti-IL-10 from Abcam, UK. A
mouse IL-17A ELISA Kit was purchased from Abcam, UK.

2.3. Grouping, Modeling, and Specimen Collection. Thirty
male BALB/C mice were randomly divided into three groups
(10 mice/group): control group, TNBS group, and mica
group. Referring to the modeling method of Inokuchi et al.
[8], 5% TNBS solution was mixed with anhydrous ethanol
in equal volume, configured into a solution of 50mg/ml,
and enema was given once with the dose of 250mg/kg.

Before modeling, mice were fasted for 24 h. Then, mice
were anesthetized using 1% pentobarbital, and the paraffin
oil was adequately lubricated. The silicone tube with a diam-
eter of about 2mm was then inserted into the anus about
3.5 cm; after which, the TNBS ethanol solution 250mg/kg
(for the TNBS group and the mica group) and saline enema
with 1ml/100 g/d (control group) were slowly injected into
the colon. After the silicone tube was pulled out, the anus
was pinched, and mice were inverted for another 1min
before being put into the squirrel cage. On days 2, 3, and 4,
the control group and the TNBS group were given a normal
saline enema, and the mica group received mica enema with
180mg/kg/d (referring to a previously described approach
[9]). On day 5, all the mice were sacrificed, and colon speci-

mens (including the intestinal segment from the anus) were
collected.

Tissue was rinsed with normal saline; the damage of the
intestinal mucosa was analyzed using a microscope. In the
TNBS group and the mica group, the most apparent lesions
were collected; in the control group, colon tissue was
collected at a distance of 3-4 cm from the anus. Two seg-
ments were taken for each mouse. The first was fixed in
10% formaldehyde and embedded in paraffin, followed by
hematoxylin-eosin staining and immunohistochemistry.
The other section was placed into a cryopreservation tube
and stored in a refrigerator at -80°C for inspection.

2.4. General Condition. The animal weight was analyzed
daily. The weight was calculated according to the beginning
of the experiment. In addition, fecal characteristics (normal,
loose, loose stool), fecal bleeding (occult blood or visual
blood stools), activity, and feeding were also monitored on
a daily basis. According to the scoring method proposed by
Murano et al. [10], the disease activity index was the sum of
the three scores of weight loss rate, fecal characteristics, and
hematochezia (Table 1). A fecal occult blood test was con-
ducted using tetramethylbenzidine.

2.5. Analysis and Scoring of Intestinal Damage. The degree of
colonic mucosal damage and inflammation was observed by
the score standard of macroscopic damage, referring to Mur-
ano et al. [10]. According to the histological damage score
method of Dieleman et al. [11], the histological damage
degree was revealed by the sum of inflammation, lesion
depth, recess failure score, and lesion range score. The scor-
ing criteria are shown in Tables 2 and 3.

2.6. ELISA Detection of IL-17A in the Colon. The level of IL-
17A in the colon tissue was determined by Mouse IL-17A

Table 1: Disease activity index.

Weight loss (%) Stool consistency∗ Occult/gross bleeding Score

(-) Normal Normal 0

1-5 1

5-10 Loose Guaiac (+) 2

11-15 3

>15 Diarrhea Gross bleeding 4

The disease activity index = ðcombined score of weight loss, stool consistency
, and bleedingÞ/3. ∗Normal stools = well-formed pellets; loose = pasty stools
which do not stick to the anus; diarrhea = liquid stools that stick to the anus.

Table 2: Macroscopic damage score.

Macroscopic damage Score

Normal colonic mucosa 0

Local hyperemia, no ulcer 1

Single ulcer, no obvious inflammation 2

A single ulcer with inflammation 3

Two or more ulcers with inflammation 4

Large ulcer with inflammation 5
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ELISA Kit (Abcam, UK) and ELISA El 800 readers (BioTek
Instruments, USA), following the manufacturer’s instruction.

2.7. Immunohistochemical Detection of Ang II, ACE2, Ang (1-
7), and IL-10 in Colon Tissue. The colon tissues were fixed
with 10% formalin, dehydrated, and cut into 5μm thickness
section. Samples were then subjected to immunohistochemi-
cal SP staining. The number of staining-positive cells in more
than 200 cells was counted and converted to a positive mar-
ket index, which was calculated using the following formula:
positive index ð%Þ = the number of positive cells in the total
field/the number of cells in the field 100%. Staining intensity
was analyzed using an immune response score (IRS): 0 for
colorless, 1 for light yellow, 2 for brownish yellow, and 3
for brown. The percentage score of positive cells was calcu-
lated as follows: 1 was divided into positive cells ≤ 10%, 2 into
11%-50%, 3 into 51-75%, and 4 into >75%. The product of
staining intensity and percentage of positive cells was a pos-
itive integral. A positive integral greater than 3 was consid-
ered to be immunoreactive.

2.8. Statistical Analysis. The measurement data conforming
to the normal distribution were expressed as mean ±
standard deviation, and the comparison between groups
was performed by one-way analysis of variance. Pearson
was used for correlation analysis. The statistical significance
of all tests was defined as P < 0:05. All analysis was per-
formed using IBM SPSS statistical software, version 22.0.

3. Results

3.1. Animal Condition and the Colon Morphology. The mice
in the control group showed good activity, a slow weight
increase, and a clean anal opening (Figure 1, Table 4). In
the TNBS group, the intake, the amount of activity, and body
weight gradually decreased (Figure 1, Table 4). In addition,
the black stool adhesion in the anus, accompanied by thin
stool, positive fecal occult blood, and some blood, was
observed in the TNBS group. On the second day after model-
ing, one mouse died, and the dead mouse was dissected.
Colon perforation was found about 4 cm from the anus,
and feces were seen in the abdomen.

In the mica group, the weight loss was reduced, and the
stool characterization was normal compared to the TNBS
group (Figure 1, Table 4). In the mica group, one mouse died
on day two. Pathological examination of the dead mice
showed that the colon adhered to the surrounding tissues
3-4 cm from the anus.

The disease activity index of mice in the TNBS group sig-
nificantly increased on the first day after modeling, reaching
the highest score on the second day. The disease activity
index of mice in the mica group was significantly lower than
that in the TNBS group. The weight loss and disease activity
index in each group are shown in Figure 1 and Tables 4–5.

3.2. Macroscopic Analysis and Scoring of the Colon Damage.
The colonic mucosa of the control group was pale pink,

Table 3: Histological grading of colitis.

Feature graded Grade Description

Inflammation

0 None

1 Slight

2 Moderate

3 Severe

Extend

0 None

1 Mucosa

2 Mucosa and submucosa

3 Transmural

Regeneration

4 No tissue repair

3 Surface epithelium not intact

2 Regeneration with crypt depletion

1 Almost complete regeneration

0 Complete regeneration or normal tissue

Crypt damage

0 None

1 Basal 1/3 damaged

2 Basal 2/3 damaged

3 Only surface epithelium intact

4 Entire crypt and epithelium lost

Percent involvement

1 1-25%

2 26-50%

3 51-75%

4 76-100%
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smooth, and complete, with normal colonic length and uni-
form thickness. The mice in the TNBS group had hyperemia
and edema in the colonic wall, significant erosion; multiple
ulcerations of different sizes were observed in the intestinal
segment 2-4 cm from the anus, and dark red unformed feces
were observed in the intestinal cavity. The colonic damage
caused by TNBS was alleviated in the mica group, which
showed local hyperemia and scattered erosion.

The TNBS group had a significantly higher colonic mac-
roscopic damage score compared to the control group
(4:00 ± 0:89 vs. 0:00 ± 0:00, P < 0:01) and the mica group
(2:00 ± 1:53 vs. 4:00 ± 0:89, P < 0:01). The mica group had
higher colonic macroscopic damage score compared to the
control group (2:00 ± 1:53 vs. 0:00 ± 0:00, P < 0:01).

3.3. Histological Analysis and Scoring of the Colon Damage. In
the control group, the colonic mucosa was intact, and the cell
structure was normal, and glands were normally arranged. In
the TNBS group, the glandular arrangement was disordered,
and some of the crypts were deformed or even disappeared,
and the mucosa was ulcerated and necrotic. There were a
large number of inflammatory cells infiltrated to the mucosa

and submucosa. The damage in the mica group was signifi-
cantly reduced compared with the TNBS group, and the
damage degree of the structure of the crypt was alleviated.
In addition, only a few inflammatory cells were found to be
infiltrated into the mucosal layer. Histological analysis (HE
staining) of the colon damage in different groups is shown
in Figure 2.

The score of colonic histological damage in the TNBS
group and the mica group was significantly higher compared
to the control group (8:17 ± 2:99 vs. 1:33 ± 1:03, 3:83 ± 1:47
vs. 1:33 ± 1:03, P < 0:01). Yet, the score in the mica group
was significantly lower compared to that in the TNBS group
(3:83 ± 1:47 vs. 8:17 ± 2:99, P < 0:01) (Table 6).

3.4. The Expression of Ang II, ACE2, Ang (1-7), and IL-10 in
the Colon. The expression of Ang II, ACE2, Ang (1-7), and
IL-10 is shown in Figure 3 and Table 7.

The positive expression of Ang II was observed in the
colonic vascular endothelial cytoplasm. It was also partially
expressed in the mucosal epithelium and inflammatory cyto-
plasm. The expression of Ang II in the TNBS group was obvi-
ously higher compared to that in the control group
(4:83 ± 2:11 vs. 2:16 ± 0:41, P < 0:01) and the mica group
(2:33 ± 0:52 vs. 4:83 ± 2:11, P < 0:01).

The positive expression of ACE2 was mainly expressed in
colonic mucosal epithelial cells and inflammatory cytoplasm.
The expression of ACE2 in the TNBS group was obviously
higher compared to that in the control group (3:50 ± 0:55
vs. 2:04 ± 0:29, P < 0:05). The expression of ACE2 further
increased in the mica group compared to the TNBS group
(5:13 ± 1:84 vs. 3:50 ± 0:55, P < 0:05).

The positive expression of Ang (1-7) was mainly found
in colonic mucosal epithelial cells and inflammatory
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Figure 1: (a) Weight loss in each group and (b) disease activity index in each group.

Table 4: Weight loss (%).

Group N D2-1 D3-2 D4-3

Control group 10 1:35 ± 1:00 4:41 ± 3:39 6:31 ± 2:88
TNBS group 9 −15:19 ± 4:04▲ −17:69 ± 4:97▲ −17:63 ± 6:45▲

Mica group 9 −6:30 ± 1:84▲■ −12:87 ± 4:99▲■ −11:29 ± 5:30▲■

F 176.144 155.118 260.946
▲P < 0:01 vs. control; ■P < 0:01 vs. TNBS.

Table 5: Disease activity index ð�x ± sÞ.
Group N D2-1 D3-2 D4-3

Control group 10 0:00 ± 0:00 0:00 ± 0:00 0:00 ± 0:00
TNBS group 9 10:33 ± 1:50▲ 11:33 ± 1:21▲ 10:01 ± 2:04▲

Mica group 9 6:33 ± 1:36▲■ 7:5 ± 1:97▲■ 7:1 ± 2:48▲■

F 118.226 111.460 47.532
▲P < 0:01 vs. control; ■P < 0:01 vs. TNBS.
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cytoplasm. The expression of Ang (1-7) in the colon tissues
of the TNBS group was significantly higher compared to
that of the control group (1:04 ± 0:56 vs. 0:13 ± 0:14, P <
0:05). The expression of Ang (1-7) further increased in
the mica group compared to the TNBS group (2:0 ± 0:63
vs. 1:04 ± 0:56, P < 0:01).

The positive expression of IL-10 was mainly expressed in
the cytoplasm of the colonic epithelial cells and inflammatory
cells. The expression of IL-10 in the colon tissue of the TNBS
group was significantly higher compared to that of the
control group (4:88 ± 0:83 vs. 2:71 ± 0:78, P < 0:05). The
expression of IL-10 further increased in the mica group
compared to the TNBS group (9:04 ± 2:62 vs. 4:88 ± 0:83,
P < 0:05).

3.5. ELISA Detection of IL-17A in the Colon. The level of IL-
17A in homogenate supernatant of colonic mucosal tissues
was determined by ELISA. The results showed that the
expression of IL-17A in the TNBS group and the mica group
was significantly increased compared to that in the control
group (6:93 ± 0:44 vs. 0:65 ± 0:03, 2:63 ± 0:64 vs. 0:65 ±
0:03, P < 0:01). However, the expression of IL-17A in the
mica group was significantly decreased compared to that in
the TNBS group (2:63 ± 0:64 vs. 6:93 ± 0:44, P < 0:01)
(Table 8).

3.6. Statistical Analysis. The level of Ang II had a positive cor-
relation with the colonic macroscopic damage score
(r = 0:589, P < 0:05), high correlation with the colonic histo-
logic damage score (r = 0:855, P < 0:01), moderate correla-
tion with the level of IL-17A (r = 0:647, P < 0:05), and high
negative correlation with IL-10 (r = 0:720, P < 0:01).

The levels of ACE2 and Ang (1-7) were negatively corre-
lated with the colonic macroscopic damage score (ACE2: r
= −0:631, P < 0:05; Ang (1-7): r = −0:880, P < 0:01), had a
moderate negative correlation with the colonic histologic
damage score (r = −0:600, -0.618, P < 0:05) and the level of

IL-17A (r = −0:556, -0.518, P < 0:05), and had a high positive
correlation with the level of IL-10 (r = 0:776, 0.769, P < 0:01).

4. Discussion

Ulcerative colitis is a nonspecific chronic inflammatory dis-
ease with unclear pathogenesis. The major causes of ulcera-
tive colitis are genetic, immune, environmental factors, and
microorganisms. So far, no effective treatment has been
developed.

RAS systems have an important role in a variety of path-
ophysiological processes. Ang II is the main active substance
in the RAS system. Ang II is a proinflammatory substance,
which induces the expression of NF-κB, p38MAPK activa-
tion, and generates a variety of inflammatory factors, such
as IL-6 and IL-17 [12]. Ang II can also have a direct effect
on the AT1 receptor on the intestinal cell membrane [13].
It can stimulate the MAPK signaling pathway through the
phosphorylation cascade reactions, such as family activate
downstream transcription factor that induces the expression
of inflammatory factors [14]. Ang II is also part of the ACE-
Ang II-AT1R axis, which is mediated through the AT1 recep-
tor. Ang II expression can also lead to blood vessel shrinkage
and boot string blood pressure.

Besides the heart, kidney, and brain, RAS is also
expressed in the gastrointestinal [15]. Katada et al. [16] found
that the expression of Ang II and AT1R in the experimental
colitis mice is significantly increased, while the inflammatory
response in mice without AT1R is significantly reduced. In
the endothermic mice, peroxides significantly increased after
Ang II activation, causing endothelial dysfunction and the
intestinal tissue ischemia. When mice were treated with
Ang II receptor antagonist, the intestinal tissue after ischemia
and damage was significantly reduced [17].

Ang (1-7), which has vasodilatation and anti-
inflammatory effects, is produced from Ang II.
Angiotensin-converting enzyme 2 (ACE2), a new member
of the RAS family, is a new ACE homolog. The structures
of ACE and ACE2 are similar, but their biological activity is
significantly different. ACE2 can increase anti-
inflammatory factors such as IL-10 and generate Ang (1-7)
of Ang II decomposition. Ang (1-7) is a 7-peptide substance
that inhibits inflammation by promoting vasodilation, anti-
oxidative stress, and inflammation alleviation [18]. Ang (1-
7) is considered to be one of the endogenous Ang II antago-
nists, which can increase blood flow in the kidney, brain,
mesenteric vascular endothelial, and multiple organ tissues,
promoting the vasodilation and having a role in the

Control group TNBS group Mica group

Figure 2: Histological analysis (HE staining) of the colon damage in different groups, ×200.

Table 6: Macroscopic and histological damage score ð�x ± sÞ.

Group N
Macroscopic
damage score

Histological
damage score

Control group 10 0:00 ± 0:00 1:33 ± 1:03
TNBS group 9 4:00 ± 0:89▲ 8:17 ± 2:99▲

Mica group 9 2:00 ± 1:54▲■ 3:83 ± 1:47▲■

F 22.50 17.64
▲P < 0:01 vs. control; ■P < 0:01 vs. TNBS.
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angiogenesis organization [19]. A previous study [12]
showed that inflammation of the intestine increases Ang II
and promotes secretion of a variety of proinflammatory fac-
tors (TNF-α, IL-17A, TGF-β 1, etc.) from epithelial cells in
the focal area. These factors further aggravate the inflamma-
tory response causing damage to the intestinal tissue.

Khajah et al. [20] found that the levels of Ang II, ACE2,
and Ang (1-7) were significantly increased in the DSS-
induced colitis mice. When the exogenous Ang (1-7) was
given, the colonic mucosa damage and ulcer improved.
Moreover, Rodrigues et al. [21] showed that colonic mucosa
damage in the DSS-induced colitis mice was alleviated after
treatment with exogenous Ang (1-7). In contrast, the colon
tissue damage was significantly aggravated after Ang (1-7)
was blocked by antagonist A779, Ang (1-7) specific receptor.
Furthermore, in our previous study, we found an ACE2-Ang
(1-7)-MAS axis in the small intestinal mucosa of rats. The
expression of ACE2, Ang (1-7), and MAS in the ACE2 group
was significantly higher than that in the model group, while
the expression of Ang II was significantly downregulated.
Gross, pathological, and electron microscopic results showed
that the injury of intestinal mucosa was significantly reduced
compared with that of the model group. The expression of

Control group

Ang II

ACE2

Ang (1-7)

IL-10

TNBS group Mica group

Figure 3: The expression of Ang II, ACE2, Ang (1-7), and IL-10 in different groups, ×200.

Table 7: The expression of Ang II, ACE2, Ang (1-7), and IL-10 in colon tissue.

Group N Ang II ACE2 Ang (1-7) IL-10

Control group 10 2:16 ± 0:41 2:04 ± 0:29 0:13 ± 0:14 2:71 ± 0:78
TNBS group 9 4:83 ± 2:11▲ 3:50 ± 0:55▲ 1:04 ± 0:56▲ 4:88 ± 0:83▲

Mica group 9 2:33 ± 0:52▲■ 5:13 ± 1:84▲■ 2:00 ± 0:60▲■ 9:04 ± 2:62▲■

F 11.33 8.19 21.7 22.71
▲P < 0:05 vs. control; ■P < 0:05 vs. TNBS.

Table 8: The level of IL-17A in colon tissue ð�x ± s, pg/mlÞ.
Group N IL-17A

Control group 10 0:65 ± 0:03
TNBS group 9 6:93 ± 0:44▲

Mica group 9 2:63 ± 0:64▲■

F 26.39
▲P < 0:01 vs. control; ■P < 0:01 vs. TNBS.
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ACE2, Ang (1-7), and MAS in the MasR antagonistic group
was significantly lower than that in the model group. In
contrast, the expression of Ang II was significantly upreg-
ulated in the MasR antagonist group. Compared with the
model group, the injury of intestinal mucosa in the MasR
antagonistic group was more severe than that in the model
group, which suggested that the ACE2-Ang (1-7)-MAS
axis had a protective effect on NSAID-related small intes-
tine injury. ACE2-Ang (1-7)-MAS may be a potential tar-
get for the prevention and treatment of NSAID-related
small intestinal injury.

ACE2, which has the catalytic activity of carboxypepti-
dase, is less expressed in normal organisms than ACE, which
is about 1/10 of ACE. Ang I and Ang II are the main sub-
strates of ACE2. On the one hand, ACE2 can reduce the
vasoconstriction and oxidative stress of Ang II by downregu-
lating the level of Ang II; on the other hand, it can further
antagonize the effect of Ang II by increasing the production
of vacillating substance Ang (1-7) [22]. Ang (1-7) is the
Ang II endogenous inhibitor. Previous studies have found
that the level of ACE2 increases in many diseases, such as
myocardial infarction, diabetes, kidney disease, and cirrhosis
[23], thus suggesting that the RAS system is activated in the
pathological state and the increase of ACE2 may be a stress
response. In this study, we established colitis in mice using
TNBS. These mice showed poor food intake, decreased activ-
ity, weight loss, loose stool, positive stool occult blood, and
partial bloody stool. Moreover, the colonic tissue showed
intestinal wall thickening, ulcer, necrosis, and other visible
damage. In the TNBS group and the mica group, the score
of macroscopic damage and histological damage was signifi-
cantly higher compared to that in the control group. The
expression level of IL-17A, Ang II, ACE2, and Ang (1-7)
was significantly higher than that of the control group, indi-
cating that Ang II, ACE2, and Ang (1-7) participated in the
pathogenesis of colitis. High expression of Ang II can cause
vasoconstriction of the intestinal mucosa, decrease of tissue
blood supply, and damage of intestinal barrier function. At
the same time, Ang II can also be used as an inflammatory
factor to upregulate the level of IL-17A, further aggravating
the inflammatory response, which may be an important
pathogenesis of experimental colitis in mice.

Mica is a kind of natural layered mineral crystal, which is
one of the silicate mineral drugs. Its main components are sil-
icon dioxide and alumina. It has special physical properties,
such as adsorbability, expansibility, plasticity, and ion-
exchange property, so it can be adsorbed on the mucosal sur-
face and enhance the function of the mucosal barrier. Previ-
ous studies indicated that mica could be used to treat
diarrhea in children [24]. Mica can directly affect the mucosal
surface, adsorb proinflammatory cytokines, promote mucus
secretion, etc., which, in turn, reduce inflammatory cell infil-
tration and strengthen the mucosal barrier function [7].
Some studies [19, 25] have suggested that mica can also
absorb proinflammatory factors, reduce intestinal mucosal
permeability, and antagonize intestinal bacterial transloca-
tion. In our previous study [26], we found that the damage
of colonic tissue in experimental colitis mice was significantly
reduced after the intervention of mica microparticles, thus

suggesting that mica can reduce the damage of colonic tissue
in colitis mice.

In this study, we found that mica reduced weight loss,
improved fecal characteristics, and reduced stool in the blood
compared with those of the TNBS group. Moreover, the dis-
ease activity index was significantly lower than that of the
TNBS group. The scores of macroscopic damage and histo-
logical damage were significantly reduced compared with
those of the TNBS group, suggesting that mica intervention
could significantly reduce the intestinal damage of the mice.
Furthermore, we found that the expression of ACE2, Ang
(1-7), and IL-10 in the colon tissue of the mica group was
higher than that of the TNBS group. In comparison, the
expression of Ang II and IL-17A was significantly lower,
suggesting that mica can reduce inflammation and intesti-
nal damage. Moreover, the correlation analysis showed
that the expression of Ang II was positively correlated
with the macroscopic damage score, histological damage
score, and IL-17A and negatively correlated with IL-10.
Ang II high expression can induce intestinal mucosa vaso-
constriction, reduce tissue blood supply, and cause intesti-
nal barrier function injury.

The expression of ACE2 and Ang (1-7) was negatively
correlated with the macroscopic damage score, histological
damage score, and IL-17A, but positively correlated with
IL-10, showing that Ang II in experimental colitis mouse
colon injury plays an essential role in the process. All these
data indicate that the RAS system is involved in the develop-
ment of experimental colitis in mice. During an early stage of
colon injury, the body’s self-defense mechanism is activated,
ACE2 Ang-(1-7)-Mas axis expression level feedback to ris-
ing, to a certain extent can adversely affect Ang II proinflam-
matory role, chemotaxis raise of inflammatory cells and plays
a role of negative regulating the release of inflammatory fac-
tor, its specific mechanism remains to be further researched.
Mica on experimental colitis mouse colon injury has a pro-
tective effect; its mechanism in addition to adsorbing the
inflammatory factor may also increase ACE2-Ang (1-7)-
Mas axis, restrain Ang II 1 expression, and reduce inflamma-
tion reaction.

To sum up, our data suggested mica can alleviate TNBS-
induced colitis in mice by regulating the inflammation pro-
cess. Mica reduces Ang II and IL-17A and increases ACE2,
IL-10, and Ang (1-7).
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