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To the Editor:

The composition of the intestinal microbiota has been linked to the risk for developing 

allergic disease. Although the mechanism by which the microbiota prevents allergic 

sensitization is unclear, evidence suggests that it is through modulation of the immune 

system.1 In this study we investigated the ability of the spore-forming gram-positive 

bacterium Bacillus subtilis to prevent the development of allergic disease. Previous work 

from our lab established B. subtilis as an immune suppressive bacterium that can prevent 

diarrheal disease from Citrobacter rodentium infection.2, 3

In this study we tested the ability of B. subtilis spores to prevent house dust mite (HDM)-

induced eosinophilic inflammation using the treatment protocol shown in Figure 1A, that 

was approved by the Midwestern University Institutional Animal Care and Use Committee. 

C57Bl/6 mice were orally gavaged with 109 WT B. subtilis spores or 109 epsH spores that 

are unable to produce exopolysaccharide (EPS), due to a mutation in the eps operon4. Our 

previous work found that EPS was the component of B. subtilis required for protection from 

C. rodentium induced inflammation4, 5. Following the final HDM treatment, bronchial 

alveolar lavage (BAL) was collected from euthanized mice, by flushing the lungs with 

0.8mL PBS containing 10% FCS, 1mM EDTA) and immune cell infiltration was assessed by 

DiffQuick (Dade Behring) staining of cytospun cells (Figure 1 B–E). HDM from 

Dermatophagoides pteronyssinus (XPB82D3A2.5, Stallergenes Greer) alone induces a 

significant eosinophilia, shown as both percent and total cells/mL (Figure 1B–C). WT B. 
subtilis spore treatment significantly reduced the eosinophilia in HDM-treated mice. The B. 
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subtilis-mediated protection was partially dependent on the production of EPS, evidenced by 

epsH B. subtilis spores being unable to significantly reduce the HDM-induced eosinophilia.

To understand the mechanism of B. subtilis suppression of eosinophilia, we tested the effect 

of EPS treatment on dendritic cells. Dendritic cells are critical in the development of 

eosinophilia and are responsible for activating T cells. Bone marrow derived dendritic cells 

(BMDC) were pre-treated with or without EPS for 24 hours, followed by the presence or 

absence of HDM for 24 hours, and transferred intranasally into naïve C57Bl/6 mice 

(according to protocol timeline, Figure 2A). EPS was isolated according to a previously 

published protocol by Jones et al. The purified EPS had undetectable nucleic acid (O.D.260) 

and protein (O.D.280). Quantification of carbohydrate content was determined by phenol-

sulfuric acid method. Mice were then challenged intranasally with HDM, daily for 3 days. 

Dendritic cells treated with EPS in the absence of HDM failed to elicit eosinophilia (data not 

shown). We found that while HDM-pulsed dendritic cells elicit eosinophilia, HDM-pulsed 

dendritic cells treated with EPS failed to induce eosinophilia, shown as both percent and 

total cells/mL (Figure 2B–C). Other infiltrating immune cells including neutrophils and 

lymphocytes were not significantly different between the transferred dendritic cell treatment 

groups, while the resident macrophage population remained significantly higher in both no 

treatment and EPS treatment groups (Figure 2D–E). These results suggest that B. subtilis 
EPS-treated BMDC can prevent the induction of allergic eosinophilia.

The results of these experiments support the hypothesis that bacteria can help educate the 

immune system to prevent allergic disease. Specifically, we show that B. subtilis-derived 

EPS can suppress dendritic cell function to elicit allergic eosinophilia. Future work is 

required to understand how EPS-treated dendritic cells inhibit eosinophilia. We suggest that 

EPS-treated dendritic cells impair Th2 cell polarization and subsequent IL-5 production, 

which is needed for activation of eosinophils. Probiotics have been previously identified as 

methods for reducing allergic eosinophilia,6 however our work is unique in the fact that we 

required only two treatments with B. subtilis to prevent allergic disease and this was in the 

presence of a normal microbiota. Additional work will be focused on elucidating other, 

currently unknown, molecules or metabolites, that contribute to B. subtilis-mediated 

protection that is EPS-independent. In conclusion, we have established B. subtilis as a novel 

bacterium for the treatment of allergic disease and we show B. subtilis-derived EPS is 

involved in this protection.
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Figure 1. 
Prevention of HDM-induced eosinophilia by Bacillus subtilis.(A) Timeline for B. subtilis 

and HDM treatment of 6 week-old C57Bl/6 mice. (B-E) Quantification of cells from 

bronchial alveolar lavage (BAL) cytospun and stained with DiffQuick on Day 12. Data 

represent mean ± SEM (n = 7–14) from 3 combined experiments. **** p < 0.0001, *** p < 

0.0005 ** p < 0.005, * p < 0.05 by Student t test. o.g. = oral gavage; i.n. = intranasal.

Swartzendruber et al. Page 4

Allergy. Author manuscript; available in PMC 2020 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Prevention of eosinophilia by EPS-treated dendritic cells.(A) Timeline for BMDC 

incubation with exopolysaccharide and HDM prior to i.n. transfer into 7–10 week-old 

C57Bl/6 mice. BMDC were generated from C57Bl/6 mouse bone marrow in the presence of 

20ng/mL granulocyte-macrophage colony-stimulating factor (GM-CSF) for 6 days to >85% 

CD11c+ purity. Dendritic cell transfer groups included 1) No Treatment (No Txt) with 

BMDC receiving neither EPS nor HDM 2) HDM group with BMDC receiving HDM alone 

on D-2 and 3) EPS + HDM group of BMDC receiving EPS on D-2, followed by HDM on 

D-1. (B-E) Quantification of cells from BAL cytospun and stained with DiffQuick on Day 

14. Data represent mean ± SEM (n = 3). *** p < 0.0005, ** p < 0.005, * p < 0.05 by Student 

t test. i.n.= intranasal. These data are representative of 4 independent BMDC transfer 

experiments.
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