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ABSTRACT

Objective: To explore the regulatory effect of Trichinella spiralis ES antigen on the intestinal immune function, we
observed the immune response of mouse small intestine to this antigen by quantifying the changes in the related
cytokines of Tuft-IL-25-ILC2 pathway.

Methods: A total of 30 BALB/c female mice were randomly divided into three groups: control group, Trichinella
Excretion-Secretion (ES) antigen stimulation group, and IL-25 blocking group. The mice in the control group were
injected intraperitoneally with PBS; those in the ES antigen stimulation group were injected intraperitoneally with
ES antigen once per day for 7 consecutive days; and those in the IL-25 blocking group were injected intraperitoneally,
first with anti-mouse IL-25 monoclonal antibody and 3 days later with ES antigen. Alcian blue-nuclear fast red
staining was employed to observe the changes in the number of small intestinal goblet cells. The number of Tuft
cells was determined by immunofluorescence chemical analysis, and the expression levels of 1L-25, IL-13, IL-25R,
Pou2f3, and RORa mRNA were quantified by RT-PCR.

Results: The results of Alcian blue-nuclear fast red staining showed that, compared with the control group, the
number of goblet cells in the small intestinal tissue of mice in the ES antigen stimulation group increased, and the
difference was statistically significant (P<0.05). Compared with the ES antigen stimulation group, the number of
goblet cells in the small intestinal tissue of the mice in the IL-25 blocking group was slightly decreased (P<0.05).
Immunofluorescence analysis showed that, compared with the control group, the number of Tuft cells in the
ES antigen-stimulated group increased (P<0.05), while in the IL-25 blocking group, the number of Tuft cells
was decreased compared with that in the ES antigen stimulation group (P<0.05). RT-PCR analysis showed that,
compared with the control group, the mRNA expression levels of IL-25, IL-13, IL-25R, RORa and Pou2f3 in the
small intestine of mice in the ES antigen stimulation group were increased (P<0.05); compared with the ES antigen
stimulation group, the IL-25, IL-13, IL-25R, RORa and Pou2f3 mRNA expressions in the tissues of the mice in the
IL-25 blocking group were decreased, and the difference was statistically significant (P<0.05).

Conclusion: The small intestinal mucosa of mice stimulated by Trichinella ES antigen may possess an immune
function via the Tuft-IL-25-ILC2 pathway.
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INTRODUCTION the process of host infection, the parasite can produce various

antigens. Among them, the Excretory-Secretory (ES) antigen is
Trichinella spiralis is the largest intracellular parasitic nematode,  directly exposed to the host immune system, which is the main
which causes trichinosis, a zoonotic disease [1]. The clinical  target antigen for inducing host immune response [2]. It can
symptoms are complex and diverse, including nausea, vomiting, regulate autoimmunity and maintain immune system homeostasis

fever, diarrhea, etc., and the pathogenic diagnosis is difficult. In  [3]. Seudies have shown that Trichinella spiralis exerts an
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immunomodulatory effect on the host immune response through
its excretion and secretion products, resulting in the polarization of
the host immune response to the Th2 phenotype [4]. Tuft cells, as
a small proportion of intestinal epithelial cells, play an important
role in recognizing and responding to parasitic infections [5].
Studies have shown that tuft cells can receive parasite infection
signals and release the cytokine IL-25 to trigger a type Il innate
immune response, which ultimately promotes the expulsion of
parasites from the body and is detrimental to parasitic infection.

In our experiment, the ES antigen of Trichinella muscle larvae
was used to stimulate the small intestine of healthy mice, and the
changes in related cytokines of the Tuft-IL-25-ILC2 pathway in the
small intestine of mice were observed. The expression of mouse
intestinal goblet cells was determined by Alcian blue-nuclear
fast red staining, the alterations in the number of Tuft cells by
immunofluorescence chemical analysis were evaluated, and RT-
PCR was used to detect the expression levels of 1L-25, IL-13, IL-
25R, RORa, and Pou2f3 mRNA in the small intestinal tissue. Our
aims were to explore the detailed mechanism of action between
Trichinella and the immune system of the Tuft-IL-25-ILC2 pathway
in the small intestine of the host, and to provide new ideas for the
control of clinical trichinosis infections.

MATERIALS AND METHODS

Experimental animals

The Trichinella spiralis specimens used in this study were obtained
from the Heilongjiang Provincial Key Laboratory of Zoonotic
Diseases of Animal Origin (HPKLZDAQO), and were kept in
Kunming mice. A total of 30 SPF grades 6-8 week old female
BALB/c female mice were used, weighing 18-22 g each. All animals
were provided by the Animal Experimental Center of Xinjiang
Medical University, production license number: SCXK (new)
2018-0002.

Main reagents and instruments

The Bicinchoninic Acid (BCA) protein quantification kit was
obtained from Solebao Company, and the RNA rapid extraction kit
was purchased from Biomed Biotechnology Co., Ltd. Microtome
(Leica, Germany). Other equipment included an embedding
machine (Changzhou Zhongwei Electronic Instrument Co., Ltd.),
tissue dehydrator (Wuhan Tianzhirui Medical Technology Co.,
Ltd.), and slicer (Shanghai Precision Instrument Co., Ltd.).

Preparation of Trichinella ES antigens

A total of 400 Kunming mice were orally infected with muscle
larvae obtained from Trichinella mice preserved in our laboratory.
After 45 days, the mice were slaughtered. Trichinella muscle larvae
were obtained by artificial gastric juice digestion and collected by
Bellman's device. The collected worms were washed 5 times with
sterile saline containing double antibodies, added to 1640 medium
at a density of 5000 cells/mL, and incubated at 37°C and 5%
CO, for 48 h. The culture medium was collected and centrifuged.
The supernatant was put into a dialysis bag for dialysis, and then
concentrated with PEG 20000. The obtained ES antigen was
filtered through a 0.22 pm membrane and detected by SDS-PAGE.
The protein content was determined, and samples were stored at
-20°C for future use.

Grouping and sampling of animal experiments

A total of 30 BALB/c female mice were randomly divided into 3
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groups: control group, Trichinella Excretion-Secretion (ES) antigen
stimulation group and IL-25 blocking group. The mice in the
control group were intraperitoneally injected with PBS. ES antigen-
stimulated mice were intraperitoneally injected with Trichinella sp.
ES antigen. Meanwhile, mice in the IL-25 blocking group were
injected intraperitoneally with anti-mouse IL-25 monoclonal
antibody, and then with Trichinella sp. ES antigen three days later,
once a day for 7 consecutive days. The mice in each group were
sacrificed after 12 hours of fasting (free access to water) after the
last injection. The abdomen was incised along the midline, the
small intestine of the mice was exposed and washed; one part was
fixed with 4% paraformaldehyde, and the other part was frozen at
-80°C.

Alcian blue-nuclear fast red
immunofluorescence observation

staining and

The small intestine was separated, specimens were collected, and
about 1 cm of small intestine tissue was taken. After fixation with 4%
paraformaldehyde, routine dehydration, and embedding sections,
Alcian blue-nuclear fast red staining and immunofluorescence
experiments were performed to observe the changes in small
intestine tissue under a microscope [6].

RT-PCR detection of 1L-25, I1L-13, IL-25R, Pou2f3, and
RORo mRNA expression levels in the mouse small intestine

First, 30 mg of colon tissue was weighed, total RNA was extracted
in a clean bench according to the method of RNA rapid extraction
kit, and the content and purity of total RNA was determined
with a nucleic acid quantifier. cDNA was synthesized according
to the kit method and stored at -20°C. The gene sequence was
searched according to the NCBI Gene bank and the product was
verified with NCBI Primer BLAST function. The primer screening
conditions were as follows: PCR product length: 100-200 bp;
annealing temperature: 60°C and the selected primer sequences
were synthesized by Shanghai Sangong Biotechnology Co., Ltd. The
primer information table is shown in Table 1. The gene expression
was calculated according to the 2AACT method, and the standard
curve and amplification efficiency of the gene were obtained. Each
sample consisted of 2 duplicate wells, the total reaction system was
20 pL, the reaction system was 10 pL of TB Green Premix Ex Taq
11, 0.8 pL of upstream and downstream primers, 6 pL of sterile
water, 0.4 pL of ROX, and 2 pL of cDNA. The reaction conditions
were: 95°C for 30's, 95°C for 5 s, 60°C for 34 s, 95°C for 15 s, 60°C
for 1 h, and 95°C for 15 s. Correlation calculation was performed
according to the CT value of the sample, and whether the PCR
product was specific was judged according to the melting curve.

Table 1: Primer sequence information table.

Primer Sequence Product
name length (bp)
IL-13 F-ACCCTTAAGGAGCTTATTGAGG 143
IL-13 R-ATTGCAATTGGAGATGTTGGTC

IL-17RB FTGAACATAAGCTGGATACTCCG 144

IL-17RB R-ACCTCACACAGCTGTATGAATT
IL-25 F-AAGGAGCAGGTTCCGCTTGT 145
IL-25 RTGGAGAAAGTGCCTGTGCCA
Pou2f3 F-CTGACTTTGGAGAAGCGATTTC 146
Pou2f3 R-CCTCCTTCTCCATCGATAACTG
RORO F-GATGACCTCAGCACCTATATGGA 147
RORO R-CGGGTTTGATCCCATTGATGTC
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GAPDH F-CCAATGTGTCCGTCGTGGATC 148
GAPDH R-GTTGAAGTCGCAGGAGACAA

Statistical analysis

GraphPad Prism7 software was used for drawing, and SPSS23.0
software was employed for data analysis. All measurement data
were expressed as mean + standard deviation . One-way Analysis of
Variance (ANOVA) was used to compare samples among multiple
groups, and the LSD method was utilized for pairwise comparison
when the variance was homogeneous. P<0.05 indicated a
statistically significant difference.

RESULTS

Preparation of Trichinella ES antigen

The collected muscle larvae were cultured in 1640 medium to
obtain the Trichinella spiralis ES antigen. After the obtained culture
medium was dialyzed, concentrated, filtered and the protein
content was determined, the preparation and collection of ES
antigen were detected by SDS-PAGE. The results showed that the
target protein bands were mainly located at 35-53 kD, indicating
that the prepared ES antigens were of good quality (Figure 1).
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Figure 1: Preparation of Trichinella ES antigen.

Changes in intestinal goblet cells stimulated by Trichinella
ES antigens

The small intestine of mice was observed under the microscope
of Alcian blue staining. Compared with the control group, the ES
antigen stimulation group had more acidic mucus, the number of
goblet cells increased, and the cell volume became larger; compared
with the ES antigen stimulation group, the number of goblet cells
in the IL-25 blocking group was relatively decreased, and the
difference was statistically significant.

Changes in the number of small intestinal Tuft cells
stimulated by Trichinella ES antigen

The number of Tuft cells in the ES antigen stimulation group
increased (P<0.05) compared with the control group, while the
number of Tuft cells in the IL-25 blocking group decreased (P<0.05)

compared with the ES antigen stimulation group.

RT-PCR detection of cytokine mRNA expression levels in
mouse small intestine

We further detected the mRNA expression of cytokines related to
the IL-25-ILC2 pathway in the small intestine of mice by RT-PCR
experiments (Table 2). Through experimental observation, it was
found that, compared with the control group, the expression levels
of IL-13, IL-25, RORa, Pou2f3, and IL-25R mRNA in the small

intestinal tissue of the mice in the Trichinella ES antigen stimulation
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group were increased (P<0.05). Meanwhile, compared with the ES
antigen stimulation group, the mRNA expression levels of 1L-13,
IL-25, RORa, Pou2f3, and IL-25R in the small intestinal tissue
of the mice in the IL-25 blocking group were decreased, and the
difference was statistically significant (P<0.05).

Table 2: The mRNA expression levels of small intestinal tissue-related

cytokines in mice (X +s,n=6).

Study group 1L-13 IL-25 IL-25R  pou2f3 RORQ
ol .00+ 100+ 100+ 100+ 1.00%
controt group 0.14 0.16 0.15 0.14 0.14
ES antigen 170+ 141+ 198+ 154+ 131+
stimulation group 0.14 0.13" 0.48" 0.28" 0.05"
IL-25 blocking 112+ 118+ 121+ 104+ 113¢
group 1.19* 0.04*  029* 006 005

Note: Compared with the control group, P<0.05; Compared with the
ES antigen stimulation group, *P<0.05.

DISCUSSION

Trichinella can interact with the host immune system through ES
antigens at different developmental stages in the host [7]. Since
the muscle larval stage is the main pathogenic stage of Trichinella
spiralis, and the antigens excreted and secreted by muscle larvae are
easier to prepare, this experiment selected Trichinella muscle larvae
ES antigen to stimulate the small intestine of mice, with the aim to
explore the effect of ES antigen on the host small intestine through
the Tuft-IL-25-ILC2 pathway.

There is increasing evidence that luminal worm infection induces
epithelial responses, primarily triggered by the activation of tuft
cells and the release of 1L-25, leading to the activation of type 2
Innate Lymphocytes (ILC2) and IL-13 secretion [8]. Researchers
have reported a positive feedback mechanism that is, after luminal
helminth infection, Tuft cell-derived I1L-25 activates lamina propria
ILC2, which in turn promotes tuft and goblet cell differentiation
in epithelial progenitor cells through IL-13 signaling, changing the
balance in the small intestine [9]. Two other studies independently
defined tuft cells as the primary epithelial sources of 1L-25, and
highlighted their importance in initiating the type 2 immune
response to luminal helminth infection through their interaction
with ILC2, which ultimately accelerates parasite clearance [10].
Therefore, in this study, the small intestinal tissue of mice was
stimulated with Trichinella sp. ES antigen, and an IL-25 blocking
group was set up to verify the existence of ES antigen in the TuftIL-
25-ILC2 pathway. It was found that Trichinella sp. ES antigen can
activate this pathway to secrete related cytokines. The results of RT-
PCR showed that, compared with the control group, the mRNA
expression levels of IL-13, IL-25 and IL-25R were increased in the
ES antigen stimulation group and decreased in the IL-25 blocking
group. Consistent with the above results, it was found that IL-25
might affect the expression of related factors in the Tuft1L-25-1LC2
pathway in the ES antigen-stimulated mouse small intestine.

Doublecortin-Like Kinase 1 protein (DCLK1) marks differentiated
tuft cells in the small intestine and colon epithelium [11]. Cluster
cell-derived IL-25 helps drive the feed-forward Tuft-ILC2 signaling
pathway, in which ILC2 is activated to produce IL-5 and IL-13,
thereby promoting type 2 inflammation [12]. Activation of the Tuft-
ILC2 pathway soon leads to tuft cell and goblet cell hyperplasia
due to the rapid turnover of the intestinal epithelium. One study
reported that Trichinella spiralis extract and Trichinella ES antigen
stimulated enterocytes in vitro and demonstrated the increased
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expression of IL-25 cytokine and elevated number of goblet cells
[13]. By stimulating the mouse intestinal Alcian blue-nuclear fast
red staining experiment with the Trichinella ES antigen, it was
also confirmed that the Trichinella ES antigen can significantly
increase the number of goblet cells in the small intestine. Using
immunofluorescence double staining (Dclkl+Pou2f3), we also
detected the changes in the number of Tuft cells in the small
intestine of mice stimulated with Trichinella ES antigen. Compared
with the control group, the number of Tuft cells in the small
intestine of mice in the Trichinella ES antigen-stimulated group
increased; in comparison, the number of Tuft cells in the small
intestine of mice in the IL-25 blocking group was significantly
reduced. Similar to the above, we found that the increased number
of goblet cells in mouse small intestine may be related to ES antigen
stimulation.

IL-25 is a member of the IL-17 family and is known to be involved
in mediating type 2 immunity against gastrointestinal helminth
infection [14]. It is one of the activators of intestinal ILC2 cells
that can bind to the receptor IL-17RB (IL-25R) on their surface.
Thus, ILC2 cells are activated to secrete cytokines such as 1L-4,
IL-5 and IL-13 to promote Th2 immune response. Therefore, to
further explore the role of ILC2 cells in the small intestine of
mice stimulated by Trichinella ES antigen, we observed the mRNA
expression of IL-13, IL-25, RORa, Pou2f3, and IL-25R in the small
intestine of mice by RT-PCR. The results showed that, compared
with the control group, the mRNA expression levels of 1L-13, IL-
25, RORa, Pou2f3, and its receptor IL-25R in the small intestine
of ES antigen-stimulated mice were increased; however, the mRNA
expression levels of RORa, Pou2f3, IL-25, and its receptor IL-25R in
the small intestinal tissue of mice in the IL-25 blocking group were
lower than those in the Trichinella ES antigen stimulation group.
We speculated that the stimulation of IL-13, RORa, Pou2f3, IL-
25, and its receptor IL-25R in mouse intestinal tissue by Trichinella
sp. may be linked to the activation of intestinal ILC2 cells, and
IL-25 may stimulate ILC2 cells, prompting them to secrete related
cytokines that play an important role in the mouse intestinal tract.

CONCLUSION

In conclusion, this experimental study found that Tuft cells may
be involved in the stimulation of the small intestine of mice by
ES antigen of Trichinella spiralis, and secreted 1L-25 cytokines to
activate intestinal ILC2 cells. Through in vivo experiments, it was
confirmed that the TuftIL-25-ILC2 pathway may exist during the
stimulation of the small intestine of mice with Trichinella sp. ES
antigen. Moreover, we observed that the number of Tuft cells and
ILC2 cells decreased after IL-25 was blocked, and the expression of
cytokine IL-13 was also decreased, which may provide new ideas for
studying the immune mechanism of trichinosis.

ACKNOWLEDGEMENTS

We thank Professor Lu Yixin from the Heilongjiang Provincial
Key Laboratory of Zoogenic zoonosis, College of Animal Medicine,
Northeast Agricultural University for his kindly providing
Trichinella spiralis. The authors wish to thank Dr. Zhang Jinpeng
for his technical assistance.

FUNDING

This work was supported by the Shanghai cooperation organization

J Clin Trials, Vol.13 Iss. S21 No: 1000015

OPEN 8ACCESS Freely available online

science and technology partnership plan and international science
and technology cooperation plan (NO: 2020E01057).

AUTHOR CONTRIBUTION

HE Ling performed the research and data analysis, Bai Jie
contributed to research design and manuscript edition, Napisha
Jureti contributed to Western Blot studies.

COMPETING INTERESTS
The authors have declared that no competing interests exist.

REFERENCES

1. Cui]J, Han Y, Yue X, Liu F, Song YY, Yan SW, et al. Vaccination
of mice with a recombinant novel cathepsin B inhibits Trichinella
spiralis development, reduces the fecundity and worm burden. Parasit

Vectors. 2019; 12:1-12.
2. WangY,BaiX,Zhu H, Wang X, Shi H, Tang B, etal. Immunoproteomic

analysis of the excretory-secretory products of Trichinella pseudospiralis
adult worms and newborn larvae. Parasit Vectors. 2017; 10(1):1-9.

3. Gahoi S, Gautam B. Genome-wide analysis of excretory/secretory
proteins in rootknot nematode, meloidogyne incognita provides
potential targets for parasite control. Comput Biol Chem. 2017;

67:225-233.
4. Price DR, Nisbet AJ, Frew D, Bartley Y, Oliver EM, McLean K, et al.

Characterisation of a niche-specific excretory-secretory peroxiredoxin
from the parasitic nematode Teladorsagia circumcincta. Parasit

Vectors. 2019; 12:1-4.
5. Schutz B, Ruppert AL, Strobel O, Lazarus M, Urade Y, Buchler MW,

et al. Distribution pattern and molecular signature of cholinergic tuft
cells in human gastro-intestinal and pancreatic-biliary tract. Sci Rep.

2019; 9(1):17466.

6.  McGinty JW, Ting HA, Billipp TE, Nadjsombati MS, Khan DM,
Barrett NA, et al. Tuftcell-derived leukotrienes drive rapid anti-
helminth immunity in the small intestine but are dispensable for
anti-protist immunity. Immunity. 2020; 52(3):528-541.

7.  Ding], Tang B, Liu X, Bai X, Wang Y, Li S, et al. Excretory-secretory
product of Trichinella spiralis inhibits tumor cell growth by regulating
the immune response and inducing apoptosis. Acta Trop. 2022;

225:106172.
8. Jin ], Sunusi S, Lu H. Group 2 Innate Lymphoid Cells (ILC2s) are

important in typical type 2 immune-mediated diseases and an essential

therapeutic target. ] Int Med Res. 2022; 50(1):03000605211053156.

9.  Maggi L, Mazzoni A, Capone M, Liotta F, Annunziato F, Cosmi
L. The dual function of ILC2: From host protection to pathogenic
players in type 2 asthma. Mol Aspects Med. 2021; 80:100981.

10. Howitt MR, Lavoie S, Michaud M, Blum AM, Tran SV, Weinstock
JV, et al. Tuft cells, taste-chemosensory cells, orchestrate parasite type

2 immunity in the gut. Science. 2016; 351(6279):1329-1333.
11.  Salman KH, Ali FA, Elhanbaly R. Effect of cultured white soft cheese

on the histopathological changes in the kidneys and liver of albino
rats. Sci Rep. 2022; 12(1):2564.

12. O’Leary CE, Feng X, Cortez VS, Locksley RM, Schneider C.
Interrogating the small intestine tuft cell-ILC2 circuit using in vivo
manipulations. Curr Protoc. 2021; 1(3):e77.

13. Yang Z, Grinchuk V, Urban Jr JF, Bohl ], Sun R, Notari L, et al.
Macrophages as 1L-25/1L-33-responsive cells play an important role
in the induction of type 2 immunity. PLoS One. 2013; 8(3):e59441.

14. Zhang F, Liu Y, Wang S, Yan X, Lin Y, Chen D, et al. Interleukin-25-
Mediated-IL-17RB upregulation promotes cutaneous wound healing

in diabetic mice by improving endothelial cell functions. Front

Immunol. 2022; 13:19.


https://link.springer.com/article/10.1186/s13071-019-3833-9
https://link.springer.com/article/10.1186/s13071-019-3833-9
https://link.springer.com/article/10.1186/s13071-019-3833-9
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-2522-9
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-2522-9
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-017-2522-9
https://www.sciencedirect.com/science/article/abs/pii/S1476927116304327?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1476927116304327?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1476927116304327?via%3Dihub
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-019-3593-6
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-019-3593-6
https://www.nature.com/articles/s41598-019-53997-3
https://www.nature.com/articles/s41598-019-53997-3
https://www.sciencedirect.com/science/article/pii/S1074761320300765?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1074761320300765?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1074761320300765?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0001706X2100351X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0001706X2100351X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0001706X2100351X?via%3Dihub
https://journals.sagepub.com/doi/10.1177/03000605211053156
https://journals.sagepub.com/doi/10.1177/03000605211053156
https://journals.sagepub.com/doi/10.1177/03000605211053156
https://www.sciencedirect.com/science/article/abs/pii/S0098299721000418?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0098299721000418?via%3Dihub
https://www.science.org/doi/10.1126/science.aaf1648
https://www.science.org/doi/10.1126/science.aaf1648
https://www.nature.com/articles/s41598-022-06522-y
https://www.nature.com/articles/s41598-022-06522-y
https://www.nature.com/articles/s41598-022-06522-y
https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/cpz1.77
https://currentprotocols.onlinelibrary.wiley.com/doi/10.1002/cpz1.77
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0059441
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0059441
https://www.frontiersin.org/articles/10.3389/fimmu.2022.809755/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.809755/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.809755/full

