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Prevention of allergic asthma symptoms in mice by an engineered
bacterial strain EcN

ZHU Yingbang, PEI Yechun, MAI Yanqi, LIU Xiande"

School of Life and Health Sciences, Hainan University, Haikou, Hainan, China

Abstract: Allergic asthma is a prevalent chronic inflammatory disease characterized by airway
hyperresponsiveness and airway inflammation, often triggered by inhalant allergens such as pet
dander and pollen. [Objective] Studies have revealed that helper T cells (Th cells) play a crucial
role in the immune regulation of allergic asthma. Particularly, Th2 cells exacerbate airway
inflammation by secreting cytokines such as interleukin (IL)-4 and IL-5, which promote the
proliferation of eosinophils and mast cells. Additionally, the activation of Th17 cells is closely
related to the inflammatory response in allergic asthma. Therefore, modulating the balance of Th1/
Th2 and Th17/Treg cells has become an effective strategy for treating allergic asthma. This study
explores the pathogenesis of allergic asthma and novel therapeutic approaches. [Methods] We
constructed an engineered bacterium EcN““/ specifically expressing the dog allergen Canf-1.
Using the pBAD promoter, we controlled the expression of Canf-1 in the lungs of mice. [Results]
EcN“”" exerted immunomodulatory effects by regulating pulmonary cytokine expression profiles,
specifically downregulating the expression of pro-inflammatory cytokines including IL-6, IL-5, and
IL-13, while upregulating the expression of anti-inflammatory mediators such as interferon-y (IFN-
Y), transforming growth factor- (TGF-f), and IL-10, thus alleviating allergic symptoms in the
lungs. EcN““”"! demonstrated remarkable efficacy in suppressing the pathological overexpression
of Th2 and Th17 lymphocyte subsets under allergic conditions, while enhancing the functions of
Thl and regulatory T cells. Furthermore, EcN““Y"! significantly reduced pulmonary mast cell
infiltration, attenuated vascular permeability, and mitigated allergen-induced hypothermia and
airway constriction. These findings demonstrated that EcN““”/ played a pivotal role in immune
homeostasis regulation and represented a promising therapeutic candidate for allergic pulmonary
inflammation through its multifaceted modulation of immunological pathways. [Conclusion]
EcN“’" provides a new therapeutic avenue for allergic asthma by modulating the expression of
immune cells and cytokines. This not only offers new insights into the immune mechanisms of
allergic asthma but also provides a scientific basis for the development of new targeted biological
treatment strategies.

Keywords: allergic asthma; probiotics; immunomodulation; helper T cells
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Table 1 [15-18]

qPCR primer sequence

Primers name  Primer sequences (5'—3)

M-IL-4-F GAGCCATATCCACGGATGCGACAA
M-IL-4-R CATGGTGGCTCAGTACTACGAGTA
M-IL-5-F CCCTCATCCTCTTCGTTGCAT
M-IL-5-R ATGTGATCCTCCTGCGTCCAT
M-IL-13-F GGCAGCAGCTTGAGCACATT
M-IL-13-R GGCATAGGCAGCAAACCATG
M-IFN-y-F TCAAGTGGCATAGATGTGGAAGAA
M-IFN-y-R TGGCTCTGCAGGATTTTCATG
M-Foxp3-F CAGCTGCCTACAGTGCCCCTAG
M-Foxp3-R CATTTGCCAGCAGTGGGTAG
M-IL-17A-F ~ ACTACCTCAACCGTTCCACG
M-IL-17A-R AGAATTCATGTGGTGGTCCAG
M-TGF-B-F GAAGGCAGAGTTCAGGGTC
M-TGF-B-R GAAGGCAGAGTTCAGGGTC
M-IL-10-F TCACTCTTCACCTGCTCCAC
M-IL-10-R CTATGCTGCCTGCTCTTACTC
M-IL-6-F CCTTCCTACCCCAATTTCCAAT
M-IL-6-R AACGCACTAGGTTTGCCGAGTA
M-GATA3-F  CAGAACCGGCCCCTTATCA
M-GATA3-R  ACAGTTCGCGCAGGATGTC
M-T-bet-F CCTCTTCTATCCAACCAGTATC
M-T-bet-R CTCCGCTTCATAACTGTGT
M-B-actin-F AGTGTGACGTTGACATCCGTA
M-B-actin-R ~ GCCAGAGCAGTAATCTCCTTCT
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Figure 1 Protein expression. A: SDS-PAGE of rCanf-1 protein (The purified single protein band shown in lane

9 after bacterial lysis, ultrafiltration, and purification); B: Western blotting of EcN“”"/ protein (Demonstrating
successful secretion of Canf-1 to the extracellular environment by EcN via the pPBAD vector); C: Western blotting

of EcN“""! protein in mouse lung. +: The protein in the respective lane conforms to the characteristics listed in

the first column of the table; —: The protein does not conform to these characteristics.
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Figure 2 EcN““ alleviates rCanf-1-induced allergic asthma in mice. A: Schematic of the pretreatment process

with EcNE™Y and EcN“Y | and the sensitization of mice; B: Colonization of bacteria in the nasal mucosa, lungs,

stomach, small intestine, cecum, and colon; C, D: Penh (enhanced pause) measurements in mice, with statistical

analysis of the area under the curve for airway narrowing index; E: Area under the curve for body temperature

changes in mice following intravenous allergen injection; F: ELISA analysis of IgG/IgE and 1gG2a/IgG1 in mice;

G: Even blue ear puncture experiment in mice; H: Statistical analysis of ear puncture area; I: Even blue

extravasation values from mouse ears soaked in formamide. Data are presented as mean+SE, ns: No significant
difference; *: P<0.05; **: P<0.01; ***: P<0.001; ****. P<(0.000 1.
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Figure 3 Histological analysis shows EcN““’ improves allergic asthma symptoms in mice. A, B: HE staining of

mouse lungs; C: Masson’s trichrome staining of mouse lungs; D: PAS staining of mouse lungs; E: Total wall area

(Wat)/basal perimeter (Pbm) of bronchi in mouse lungs; F: Smooth muscle area (Wam)/basal perimeter (Pbm); G:

Total alveolar wall area; H: Area of Masson’ s trichrome staining; I: PAS staining count. Data are presented as
mean£SE. *: P<0.05; **. P<0.01; ***: P<0.001; ****: P<0.000 1.
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Figure 4 EcN““"regulates cytokine expression in the lungs. mRNA expression levels of cytokines in mouse
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Figure 5 EcN““" impacts immune cells in the lungs and spleen during allergic asthma. Flow cytometric
detection of immune cells in bronchoalveolar lavage fluid: neutrophils (CD11b'Ly6G") (A, H), eosinophils
(CD11b"CCR3") (B, I), mast cells (CD11b"CD117") (C, J); Flow cytometric analysis of splenocytes: Thl cells
(CD4'TFN-y") (D, K), Th2 cells (CD4'IL-4") (E, L), Th17 cells (CD4'IL-17A") (F, M), Treg cells (CD4 Foxp3")
(G, N). Data are presented as mean+SE. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.
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Figure 6 Correlation analysis between splenic flow
cytometry and pulmonary cytokines. Correlation
analysis between splenic flow cytometry and
pulmonary cytokines, data are presented as mean+SE.

*: P<0.05; **: P<0.01; ***: P<0.001.
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