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Purpose: Ulcerative colitis (UC) patients have disturbances in the microbiota-gut-brain axis, and mast cells are important components 
of this axis. The mast cell-specific receptor Mrgprb2 has effects on host defense against bacterial infection and neurogenic 
inflammation, which may help mast cells act on the axis. This study analyzed how Mrgprb2 participates in the pathogenesis of UC 
by affecting the microbiota-gut-brain axis.
Materials and Methods: Mrgprb2 knockout (b2KO) mice and wild-type (WT) mice were fed 2% (w/v) dextran sulfate sodium 
(DSS) in drinking water for 7 days, which was then replaced with normal water for 14 days. This cycle was repeated three times. Feces 
were collected on Days 21, 42, and 63 for intestinal microbiota analysis, and mice were euthanized on Day 64. Hypothalamus, 
amygdala and colon tissues were removed and analyzed.
Results: Compared with WT mice, B2KO mice exhibited increased weight loss, colon shortening and colonic pathological damage 
after colitis induction. Analysis of the intestinal microbiota showed that b2KO mice with colitis had a significant decrease in the 
abundance and diversity, as well as an increase in Allobaculum and a decrease in norank_f__Muribaculaceae and Ileibacterium. In 
colon tissues, the expression of mucin 2 (MUC2) and junctional adhesion molecule A (JAM-A) in b2KO mice was reduced, and 
oxidative stress levels were higher. B2KO mice with colitis had higher corticotropin-releasing hormone (CRH), corticotropin-releasing 
hormone receptor 1 (CRHR1), neuropeptide Y (NPY) and brain-derived neurotrophic factor (BDNF) mRNA levels in hypothalamus 
tissues and glucocorticoid receptor mRNA levels in the amygdala.
Conclusion: In the microbiota-gut-brain axis, Mrgprb2 was involved in regulating the intestinal microbiota composition, intestinal 
barrier and oxidative stress levels, and was related to stress regulation, which might help to explain the pathogenesis of UC.
Keywords: ulcerative colitis, mast cells, Mrgprb2, microbiota-gut-brain axis

Introduction
UC is a chronic inflammatory disease with increasing global prevalence.1–3 The microbiota-gut-brain axis describes the 
complex interactions among the gut microbiota, gastrointestinal tract, and neuroendocrine pathways and the central, 
peripheral, and autonomic nervous systems, which are disordered in UC patients.4–6 In patients with active UC, specific 
components of the gut microbiota were found to be associated with depression and anxiety.7 The gut-brain bidirectional 
communication has been indicated as a possible basis for their association between depression/ anxiety and UC.4,8 Stress 
activates the brain-gut axis and results in mast cells activation and release of proinflammatory cytokines and other 
endocrine and humoral mediators.9 Mast cells are considered prototypical neuroimmune cells located at the host– 
environment interface near sensory nerves and are thought to play an important role in the microbiota-gut-brain axis.4,10
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Recently, a Mas-related G protein-coupled receptor X2 (MRGPRX2) has attracted much attention and is thought to be 
related to UC.11 Human MRGPRX2 and its mouse ortholog Mrgprb2, which recognize cationic neuropeptides, anti-
microbial peptides, and insect venom peptides, are selectively expressed on connective tissue mast cells except for in the 
dorsal root ganglia.12,13 MRGPRX2/Mrgprb2 contributes to host defense against bacterial infection and skin wound 
healing and is involved in the neurogenic inflammatory response,14 which may assist mast cells in playing an important 
role in the microbiota-gut-brain axis.

UC patients have decreased diversity and increased instability with respect to the composition of the gut microbiota.15 

Active UC patients have reduced MUC2 synthesis and an inner mucus layer that is penetrable.16 Bacteria tend to 
penetrate the inner mucous layer abnormally.17,18 Epithelial cells secrete β-defensins after microbial infection, which 
induce mast cell chemotaxis and degranulation through MRGPRX2.12 Activation of mast cells by MRGPRX2 and 
Mrgprb2 promotes bacterial killing, and Mrgprb2-deficient mice are more susceptible to bacterial infection.19 Patients 
with UC are in a long-term state of stress. In response to stress, the hypothalamic–pituitary–adrenal axis (HPA) triggered 
by CRH is activated, and several peptides associated with stress regulation and energy metabolism, such as NPY and 
BDNF, are released.20–22 In UC, the intestinal nervous system interacts with mast cells via several mediators, such as 
tumor necrosis factor alpha (TNF-α), nerve growth factor (NGF), and substance P (SP), and they are actively involved in 
inflammation.23,24 SP activation of mast cells via Mrgprb2 mediates inflammatory mechanical and thermal hyperalgesia 
by facilitating immune cell migration and leading to the release of multiple cytokines and chemokines.25

In brain-gut axis, changes in corticotropin-releasing hormone, mast cell activity, autonomic nervous system neuro-
transmission, and intestinal barrier function affect the pathogenesis of colitis.9 As an important receptor on mast cells, 
MRGPRX2/Mrgprb2 plays an important role in host defense and neurogenic inflammation, which may assist mast cells 
to participate in the communication between the microbiota-gut-brain axis during the pathogenesis of colitis. At present, 
there is little research on MRGPRX2/Mrgprb2 and UC. In this study, we will analyze how mrgprb2 regulates the severity 
of experimental colitis by affecting the microbiota-gut-brain axis.

Materials and Methods
Animals
Six- to eight-week-old B2 KO C57BL/6J mice were purchased from GemPharmatech Co., Ltd. (Jiangsu, China) and 
were crossed with WT C57BL/6J mice purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. 
(Beijing, China) to obtain homozygous b2 KO male mice and WT mice. All mice were raised in an SPF environment in 
Renmin Hospital of Wuhan University Animal Experiment Center under a 12-h/12-h dark/light cycle with an ambient 
temperature of 22 °C±1 °C and 50%±10% humidity. Animal experiments were approved by the Animal Care and Ethics 
Committee of Wuhan University (Approval No. 20210303) according to the guidelines of the Care and Use of 
Laboratory Animals published by the National Institutes of Health.

DSS-Induced Colitis
Eight-week-old male mice were randomly divided into 4 groups: the control group (n=8), DSS group (n=15), b2KO group 
(n=8), and b2KODSS group (n=15). In the DSS and b2KODSS groups, chronic colitis was induced by providing mice with 
drinking water containing 2% (wt/vol) DSS (36 to 50 kDa, MP Biomedicals, Santa Ana, CA, USA) for 7 days and normal 
water for 14 days, which was cycled three times. Mice in the control group and b2KO group were given normal drinking water 
without DSS and served as a negative control. Weight was recorded every three days, and feces were collected on Days 21, 42, 
and 63. Body weight, the stool consistency and hematochezia were recorded weekly to determine the disease activity index 
(DAI). At Day 64, the mice were anesthetized for blood collection, and then the mice were euthanized while unconscious by 
cervical dislocation. Their hypothalamus, amygdala and colon were removed to perform relevant biochemical tests.

Histologic Analysis
The colonic tissues were fixed in 4% paraformaldehyde, embedded in paraffin and sliced into 4-µm sections for 
hematoxylin-eosin (H&E) staining. Five visual fields were selected for each slice and evaluated in a blinded manner 
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by an experienced pathologist according to published guidelines: (a) crypt distortion and loss (normal to severe, 0−3); (b) 
inflammatory cell infiltration (normal to intensive, 0−3); (c) muscle thickening (presence of significant muscle thicken-
ing, 0−3); (d) goblet cell depletion (absence and presence, 0−1); and (e) crypt abscess (absence and presence, 0−1).26

Total RNA Extraction and Quantitative Real-Time PCR
Total RNA was isolated from hypothalamus, amygdala and colon tissues by using TRI-Reagent (Service bio, Wuhan, China). 
The quality of the total RNA was determined by a Nano Drop 2000 UV‒Vis spectrophotometer (Thermo Scientific, 
Wilmington, USA). cDNA was synthesized using a Servicebio® RT First Strand cDNA Synthesis Kit (Service bio, Wuhan, 
China). Quantitative real-time PCR was performed on a CFX Opus Real-Time PCR System (Bio-Rad, California, USA) with 
SYBR Green qPCR Master Mix (None ROX) (Service Bio, Wuhan, China) according to the manufacturer’s directions. PCR 
amplification was performed with the following conditions: 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 sec and 60 
°C for 30sec. All samples were analyzed three times, and GAPDH was used as the reference gene. The results were analyzed 
by the 2-ΔΔCT method. The primers used in this experiment are listed in Table 1.

Elisa Analysis
The concentration of adrenocorticotropic hormone (ACTH), corticosterone (CORT), TNF-ɑ, myeloperoxidase (MPO), 
malondialdehyde (MDA), superoxide dismutase (SOD), glutathione (GSH) and histamine in serum and/or colon 
including were detected with ELISA kits (Multi sciences Biotech, Co., Ltd, Hangzhou, China) following instruction.

Table 1 Details of the Primer Sequences Used in the Study

Name Sequence (5’ → 3’) Target Products

M-GAPDH-S CCTCGTCCCGTAGACAAAATG GAPDH

M-GAPDH-A TGAGGTCAATGAAGGGGTCGT
M-MUC2-S CCTGTCCCGACTTCAACCCA MUC2

M-MUC2-A TGACGGAGACAGCAGAGCAAG

M-JAM-S TCTTCACGTCTATGATCCTGGGC JAM-A
M-JAM-A GAAGGTGACTCGGTCCGCATA

M-PTGS2-S GAAATATCAGGTCATTGGTGGAGA COX-2
M-PTGS2-A ATGCTCCTGCTTGAGTATGTCG

M-INOS-S AGCTCGGGTTGAAGTGGTATG iNOS

M-INOS-A CACAGCCACATTGATCTCCG
M-CRH-S AGCCCTTGAATTTCTTGCAGC CRH

M-CEH-A GCAGCGGGACTTCTGTTGAG

M-CRHR1-S TACCACATTGCCGTCATCATC CRHR1
M-CRHR1-A CAGGATGAAAGCCGAGATGAG

M-CRHR2-S CCCATTTTGGATGACAAGCAGA CRHR2

M-CRHR2-A ATACTCCGCAGCACTAGGAAAAG
M-NR3C1-S GACTCAGCATGGAGAATTATGACCA NR3C1

M-NR3C1-A TCTGAATCCTGGTATCGCCTTT

M-BDNF-S TATTAGCGAGTGGGTCACAGCG BDNF
M-BDNF-A TACGATTGGGTAGTTCGGCATT

M-NPY-S TCCGCTCTGCGACACTACATC NPY

M-NPY-A AAGGGTCTTCAAGCCTTGTTCT
M-Mcpt4-S CTTCTATTCCAATCTCCATGACATC mMCP4

M-Mcpt4-A AGGTTCTGTCACTCCAGTTCGC

M-Tpsb2-S TGGATACATTTCTGCGGAGGTT mMCP6
M-Tpsb2-A GACATTCACAGGGACCTCAAGC

Abbreviations: MUC2, Mucin 2; JAM-A, junctional adhesion molecule A; COX-2, cyclooxygenase-2; iNOS, inducible 
nitric oxide synthase; CRH, corticotropin releasing hormone; CRHR1, corticotropin-releasing hormone receptor 1; 
CRHR2, corticotropin-releasing hormone receptor 2; encoded by the NR3C1 gene, glucocorticoid receptor; BDNF, 
brain-derived neurotrophic factor; NPY, neuropeptide Y; mMCP4, mouse mast cell protease 4; mMCP6, mouse mast cell 
protease 6.
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Analysis of the Composition of Intestinal Microbiota
Mouse feces were collected and stored at −80 °C after freezing in liquid nitrogen. The E.Z.N.A.® soil DNA kit (Omega 
Bio-Tek, GA, USA) was used to extract genomic DNA. The quality and integrity of the extracted DNA were assessed 
with 1% agarose gel electrophoresis, and the concentration and purity of DNA were determined by a NanoDrop 2000 
UV‒Vis spectrophotometer (Thermo Scientific, Wilmington, USA). The hypervariable region V3-V4 of the bacterial 16S 
rRNA gene was amplified with the primer pairs 338F (5’-ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-GGA 
CTACHVGGGTWTCTAAT-3’) by an ABI GeneAmp® 9700 PCR thermocycler (ABI, CA, USA). The PCR conditions 
for amplifying the 16S rDNA gene were as follows: initial denaturation at 95 °C for 3 min, followed by 27 cycles of 
denaturing at 95 °C for 30s, annealing at 55 °C for 30s and extension at 72 °C for 45s, and a single extension at 72 °C for 
10 min, ending at 4 °C. PCR products were sequenced on the Illumina MiSeq PE300 platform/NovaSeq PE250 platform 
(Illumina, San Diego, USA).

Short-Chain Fatty Acids (SCFAs) Profiling
One hundred milligrams of solid feces samples was accurately weighed, and the SCFAs were extracted using 900 µL of methanol 
and 100 µL of 2-ethylbutyric acid (1000 μg/mL) as internal standards. The mixture was homogenized at 50 Hz for 3 min at −10 °C 
with a mill bead and then subjected to ultrasound treatment at 40 kHz for 30 min in an ice bath. The sample was allowed to settle at 
−20 °C for 30 min, and 200 µL of supernatant was transferred to a 1.5-mL EP tube after centrifugation at 13,000 × g at 4 °C for 15 
min. Finally, 50 mg of anhydrous sodium sulfate was added to the new tube followed by vortexing. After centrifugation at 13,000 
× g at 4 °C for 15 min, the supernatant was carefully transferred to sample vials for analysis. Agilent 8890B-5977B GC/MSD gas 
chromatography (Agilent Technologies Inc. CA, UAS) was used as the analysis instrument.

Statistical Analysis
GraphPad Prism version 9.20 for Windows (GraphPad Software, San Diego, CA, USA) was used to analyze the experimental 
data. All the data are presented as the mean ± standard error of the mean. The Shapiro–Wilk test was used to test for the normal 
distribution of numerical data. Comparisons between pairs of groups were analyzed using one-way ANOVA followed by a post 
hoc Bonferroni comparison. Dunn’s nonparametric test was used for data not conforming to a normal distribution. Two-way 
ANOVA was used for grouping samples followed by a post hoc Bonferroni comparison. The Bray‒Curtis distance algorithm was 
used for principal coordinates analysis (PCoA), and ANOSIM was used to test the difference between groups. A P value < 0.05 
was considered statistically significant (*p < 0.05, **p < 0.01, ***p < 0.001).

Results
Effects of Mrgprb2 on mortality, weight loss, DAI, colon length, and histological scores in mice with colitis

The experimental design is shown in Figure 1A. The B2KODSS group showed a higher mortality rate at the first DSS 
feeding cycle, but at the end of the three cycles, the b2KODSS group and DSS group had the same mortality rate 
(Figure 1B). In addition, the b2KODSS group had greater body weight loss, higher DAI score, more shortening of colons 
and higher histological scores (Figure 1C–J).

Effects of Mrgprb2 on the HPA axis and BDNF and NPY release in mice with colitis
The CRH mRNA expression level in the b2KODSS group was higher than that in the b2KO group and DSS group 

(Figure 2A). The mRNA expression level of CRHR1 in the hypothalamus of the b2KODSS group was higher than that of the 
DSS group, and there was no difference in the mRNA expression level of CRHR2 between the two groups (Figure 2B and C). 
The mRNA expression level of NPY in hypothalamus tissue in b2KODSS group was lower than that in DSS group (Figure 2D). 
The mRNA expression level of BDNF in b2KODSS group was lower than that in DSS group in hypothalamus (Figure 2E). The 
serum ACTH and CORT levels in the two DSS treatment groups were lower than those in the control group, and there was no 
difference in the serum ACTH and CORT levels between b2KODSS group and DSS group (Figure 2F and G). The mRNA 
expression level of glucocorticoid receptor (encoded by the NR3C1 gene) in b2KODSS group was higher than that in DSS 
group (Figure 2H). There was no difference in the mRNA expression levels of NPY and BDNF in the amygdala between the 
two groups (Figure 2I and J).
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Effect of Mrgprb2 on Intestinal Microbiota Composition in Mice with Colitis
The alpha diversity and beta diversity of the samples were analyzed. The Sob index and Shannon index of the 
b2KODSS group decreased gradually (Figure 3A and B). The rarefaction curve plateaued, indicating that the 
sequencing depth was sufficient and the sequencing result was credible (Figure 3C). PCoA on Days 21, 42 and 63 

A C

D E

B

F

G H

I J

Figure 1 Intestinal and systemic manifestations in mice. (A) The diagram of the animal experimental design. (B) Mortality rate. (C) Body weights. (D) DAI score. (E) Colon 
length. (F) Histological scores. (G) Representative H&E image of colon sections in control group. (H) Representative H&E image of colon sections in DSS group. (I) 
Representative H&E image of colon sections in b2KO group. (J) Representative H&E image of colon sections in b2KODSS group. Scale bar, 50 µm. All data were expressed as 
mean ± SD (n = 8 mice/group). Statistical significance was indicated as follows: *p < 0.05, **p < 0.01, and ****p < 0.0001.
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Figure 2 Changes in HPA axis, and NPY and BDNF levels in experimental colitis. (A–E) The mRNA expression level of CRH, CRHR1, CRHR2, NPY and BDNF in hypothalamus. 
(F and G) Elisa analysis of ACTH, CORT in serum. (H–J) The mRNA expression level of glucocorticoid receptor (encoded by the NR3C1 gene), NPY and BDNF in amygdala tissues. 
All data were expressed as mean ± SD (n = 8 mice/group). Statistical significance was indicated as follows: *p < 0.05, **p < 0.01, and ****p < 0.0001.
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showed gradual separation between the four groups, and the loss of Mrgprb2 and DSS treatment might be the reason 
for the separation (Figure 3D–F).

Figure 3 Continued.
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Figure 3 Continued.
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A Venn diagram revealed that 159 operational taxonomic units (OTUs) coexisted in the four groups, and the b2KODSS 
group had the lowest number of OTUs on Day 63 (Figure 3G). We analyzed the species composition of the four groups at Days 
21, 42, and 63 at the phylum and genus levels (Figure 3H and I). We compared the phylum level and genus level 
(Supplementary Figure 1A and B) of the two control groups and found that there was no significant difference between the 
two groups at the phylum level except for some fluctuation in the Bacteroidota content. At the genus level, the contents of 
norank_f__Muribaculaceae and Lachnospiraceae_NK4A136_group fluctuated between the two groups. The level of 

Figure 3 Alpha diversity and beta diversity analysis and changes in the composition of the intestinal flora. (A and B) Sob and Shannon indices at the OTU level. (C) 
Rarefaction curves based on the OTU level. (D-F) Bray‒Curtis PCoA plot of Days 21, 42 and 63 based on OTU abundance. (G) Venn diagram based on OTU level. (H and I) 
Composition of the microbiota in mice at the phylum and genus levels. (J) Circos diagram of four groups on day 63. (K and L) Changes of intestinal microflora at phylum and 
genus levels in DSS group on day 21, 42 and 63. (M and N) Changes of intestinal microflora at phylum and genus levels in b2KODSS group on day 21, 42 and 63. All data were 
expressed as mean ± SD (In DSS group, Day 21 n=11, Day 42 n=10, Day 63 n=8. Other groups n = 8). Statistical significance was indicated as follows: *p < 0.05, **p < 0.01, 
***p < 0.001, and ****p < 0.0001.
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Dubosiella in the control group was significantly higher than that in the b2KO group on Day 63. Then, we compared the 
differences between the two DSS treatment groups at the phylum and genus levels (Supplementary Figure 1C and D). 
Although there were some fluctuations, the overall trend was that the content of Bacteroidota in the b2KODSS group was 
lower than that in the DSS group, while the content of Firmicutes was higher than that in the DSS group. At the genus level, the 
contents of norank_f__Muribaculaceae and Ileibacterium in the b2KODSS group were lower than those in the DSS group, 
while the content of Allobaculum was higher than that in the DSS group on Day 63. The distribution proportion of dominant 
species in each group and the distribution proportion of dominant species in different groups were reflected through the visual 
circle diagram on Day 63 (Figure 3J).

We also analyzed the changes in the composition of the DSS and b2KODSS groups over time. On Days 21, 42 and 63, the 
content of Bacteroidota in the DSS group gradually decreased, while that of Firmicutes gradually increased (Figure 3K). At the 
genus level, the content of norank_f__Muribaculaceae decreased while that of Ileibacterium increased (Figure 3L). On day 63 
in b2KODSS group, the content of Firmicutes and Actinobacteriota increased significantly, while the content of Bacteroidota 
decreased (Figure 3M). At the genus level, norank_f__Muribaculaceae, Lachnospiraceae_NK4A136_group and Bacteroides 
in b2KODSS group were significantly reduced. The content of Allobaculum increased significantly. In addition, the levels of 
Dubosiella, Lactobacillus and Bifidobacterium were gradually increased (Figure 3N).

Effects of Mrgprb2 on SCFAs in Mice with Colitis
The levels of acetic acid, propanoic acid, isobutyric acid, butanoic acid, isovaleric acid and hexanoic acid were 
significantly lower in the DSS group than in the control group. The level of propanoic acid in the b2KODSS group 
was lower than that in the b2KO group (Figure 4A–G).

Effects of Mrgprb2 on Intestinal Barrier in Mice with Colitis
The mRNA expression levels of MUC2 and JAM-A in b2KODSS group were lower than those in DSS group (Figure 5A and B). 
The MUC2 expression level in both DSS treatment groups was lower than that in the two control groups. The JAM-A expression 
level in the DSS group was lower than that in the control group, and there was no statistically significant difference between the 

A B C

D E F G

Figure 4 Changes in SCFA levels. (A–G) The content of SCFAs (acetic acid, propanoic acid, isobutyric acid, butanoic acid, isovaleric acid, valeric acid and hexanoic acid) in 
the four groups on Day 63. All data are expressed as the mean ± SD (n = 8 mice/group). Statistical significance is indicated as follows: *p < 0.05, **p < 0.01, and ***p < 0.001.
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b2KO group and the b2KODSS group. In colon tissues, both DSS treatment groups had higher levels of TNF-ɑ, MPO, SOD, 
MDA, and GSH release than the two control groups (Figure 5C–G). The B2KODSS group showed lower levels of TNF-ɑ and 
MPO and higher levels of MDA and GSH than the DSS group. There was no difference in the mRNA levels of cyclooxygenase-2 
(COX-2) and inducible nitric oxide synthase (iNOS) among the four groups (Figure 5H and I). In serum, there was no significant 

A B

C D FE

G I JH

K L M

Figure 5 Continued.
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difference in TNF-ɑ between the b2KODSS group and the DSS group (Figure 5J). Histamine level and the mRNA expression 
level of mouse mast cell protease 6 (mMCP6) in the b2KODSS group were lower than in the DSS group, although the differences 
were not statistically significant. The mRNA expression level of mouse mast cell protease 4 (mMCP4) in b2KODSS group was 
lower than that in DSS group (Figure 5K–M). The complete mechanism diagram was shown in Figure 5N.

Discussion
Intestinal bacteria are mainly composed of four phyla, namely, Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria, 
and Firmicutes and Bacteroidetes are dominant in healthy adults.27 The microbiota changed in patients with UC, including 
reduced diversity and increased variability.28 We found that the abundance and diversity of intestinal microbiota in the 
b2KODSS group decreased gradually. The abundance of Allobaculum in mice is associated with a high-fat diet,29 and 
members of this genus can produce butyric acid.30 However, Allobaculum mucolyticum also plays an important role in the 
development of intestinal inflammation because it can secrete large amounts of mucin o-glycans that target carbohydrate- 
active enzymes (CAZymes), which can efficiently degrade and feed on intestinal mucin and facilitate bacterial colonization 
and degradation of the mucus layer.31 The beneficial probiotic Ileibacterium is correlated with serum lipid levels in 
atherosclerotic mice.32 As a kind of butyrate-producing bacteria, Lachnospiraceae_NK4A136_group is able to maintain gut 
barrier integrity in mice.33 Bacteroides are beneficial microbes for human health because they provide protection from 
pathogens and afford nutrients to other microbiota in the gut.34 Along with these adverse factors that might lead to intestinal 
homeostasis disorders, there was an increase in the growth of some probiotics. Dubosiella is positively correlated with the 
butyric acid level,35 and Lactobacillus, Bifidobacterium and Coriobacteriaceae_ UCG- 002 are beneficial probiotic genera.36 

These bacteria increased as the disease progressed in the b2KODSS group and DSS group but were still lower than those in the 
b2KO and control groups. SCFAs can be passively taken up by epithelial cells and can provide 60–70% of their energy 
supply.37 UC patients had reduced SCFAs and SCFAs producing bacteria38,39 and in our study SCFAs levels were reduced in 

More severe symptoms:
Weight loss ↑
Colon shorten ↑
Colonic pathological damage↑

CRH, CRHR1, NR3C1 ↑
NPY, BDNF ↓

Abundance and diversity↓
Allobaculum ↑
norank_f__Muribaculaceae ↓
Ileibacterium ↓
SCFAs ↓

MUC2 ↓
JAM-A ↓

Oxidative stress↑

Chronic colitis occurred in
Mrgprb2 knockout mice N

Figure 5 Changes in the intestinal mucus barrier and oxidative stress-related molecules. (A and B) The colonic mRNA expression levels of MUC2 and JAM-A. (C–G) ELISA 
analysis of TNF-ɑ, MPO, SOD, MDA, and GSH in the colon. (H, I) The colonic mRNA expression levels of COX-2 and iNOS. (J) Elisa analysis of TNF-ɑ in serum. (K–M) Elisa 
analysis of histamine, the colonic mRNA expression levels of mMCP4 and mMCP6. (N) Mrgprb2 regulated chronic colitis by affecting the microbiota-gut-brain axis. Activation of the 
HPA axis in the hypothalamus might affect the stress state of the intestine, and the changes in the intestinal flora affected the composition of the intestinal mucus barrier. All data are 
expressed as the mean ± SD (n = 8 mice/group). Statistical significance is indicated as follows: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001.
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both DSS treatment groups. However, there was no significant difference in SCFAs between the two DSS-treated groups. At 
present, there is no research on Mrgprb2 and SCFAs. The connection between them requires further exploration.

The intestinal mucus barrier protects epithelial cells and the underlying immune system from bacterial contact and 
false activation.1 In mice and the human colon, an inner mucus layer formed by MUC2 separates bacteria from epithelial 
cells, and MUC2-deficient mice have bacteria that come into direct contact with epithelial cells and spontaneously 
develop colitis, which later develops into colon cancer.18 As an epithelial tight junction protein, JAM-A plays an 
important role in intestinal homeostasis by regulating epithelial permeability, inflammation, and proliferation.40 Our 
study found that the mRNA expression levels of MUC2 and JAM-A in b2KO mice were lower than those in WT mice 
after the induction of colitis. More researches were needed to see if this was related to the increase in bacteria that 
degrade intestinal mucus like Allobaculum. Damaged intestinal barrier allows bacteria to penetrate and reach the 
epithelium and induced inflammation.

Streptococcus pneumoniae released CSP-1 peptides to activated Mrgprb2 and MRGPRX2, causing mast cells to 
degranulate and release antimicrobial mediators such as ROS, TNF-a and PGD2.19 Cytokines and lipid mediators derived 
from mast cells recruit immune cells such as neutrophils and clear infections. B2KO mice had reduced secretion of cytokines 
from mast cells, expressed fewer MPO, and were more susceptible to bacterial infection.19,25 We found that b2KO mice with 
colitis had reduced TNF-a secretion, decreased MPO expression, and higher oxidative stress levels in the colon, which might 
suggest the role of Mrgprb2 in resistance to intestinal barrier damage and bacterial invasion present in colitis.

HPA axis plays an important role in modulating immune reactions in UC.41 CRH is a major regulator of the HPA axis 
and principal coordinator of the stress response while Glucocorticoid receptor (NR3C1) expression is considered as an 
indicator of stress hormone action within the brain.42,43 Mice deficient for CRHR1 display a severe impairment of stress- 
induced ACTH release from pituitary corticotropes, marked glucocorticoid deficiency, impaired stress response and 
significantly reduced anxiety-like behavior.44,45 CRHR2-mutant mice are hypersensitive to stress and display increased 
anxiety-like behaviour.46 CRH, CRHR, other neuropeptides such as SP, mast cells and other cells communicate as part of 
a local network,47 and SP can stimulate mast cells and also increase expression of functional CRHR1.48 As an 
endogenous agonist of Mrgprb2, SP activates mast cell and release multiple pro-in-flammatory cytokines and chemokines 
via Mrgprb2.25 We found that b2KODSS group had higher CRH, CRHR1 and NR3C1 expression level in b2KODSS 
group decreased significantly, which suggests that b2KO mice might be more susceptible to mood disorders after 
induction of colitis, and Mrgprb2 might be associated with the HPA axis. NPY promotes stress resilience, the ability 
to deal with stress.49,50 The expression of BDNF indicates stress-induced neuronal plasticity, and serves as a key 
transducer of antidepressant effects and is essential for maintaining energy and glucose balance in the 
hypothalamus.21,51,52 Our results showed that both NPY and BDNF levels were significantly reduced in the b2KODSS 
group, suggesting that b2KO mice might have a diminished ability to regulate stress.

Conclusion
In conclusion, Mrgprb2 was involved in intestinal microbiota, intestinal barrier and oxidative stress levels, and was 
related to stress regulation, which might help to explain the pathogenesis of UC.
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