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GliSODin® prevents airway
inflammation by inhibiting T-cell
differentiation and activation in a
mouse model of asthma
Martin Klein1, Eleonore Dijoux2, Marie-Aude Cheminant2,
Laurent Intes3 and Grégory Bouchaud4*
1Institut Universitaire de Cardiologie et de Pneumologie de Québec, Département de Médecine,
Université Laval, Québec, QC, Canada, 2Université de Nantes, CNRS, INSERM, l’institut du thorax, Nantes,
France, 3ISOCELL Nutra, Paris, France, 4INRAE, Biopolymères Intéractions Assemblages (BIA), Nantes,
France

Background: Asthma is a chronic inflammatory airway disease characterized by
a prevailing type 2 inflammation, airway hyperresponsiveness, and mucus
hypersecretion and is driven by various factors among which oxidative
molecules, called reactive oxygen species (ROS), play a major role. Superoxide
dismutases (SODs) are enzymes that constitute the first line of defense against
ROS. Melon SOD-gliadin, which is known as GliSODin®, is commonly used as a
nutritional supplement that has proven antioxidant properties.
Objectives: In this study, we evaluated the efficacy and mechanism of action
GliSODin® in the treatment of allergic asthma.
Methods: House dust mite (HDM)-induced asthmatic mice were orally exposed to
GliSODin®, and airway hyperresponsiveness, lung inflammation, in vitro T-cell
polarization, in vivo T-cell reactivation, and blood immunoglobulin were
investigated.
Results: GliSODin® reduced airway hyperresponsiveness, lung innate and adaptive
immune response, and HDM-specific IgE production. Coculturing CD4+ T-cell
with HDM-sensitized dendritic cells and GliSODin® reduced T-cell polarization
into Th2 and Th17 cells. Moreover, adoptively transferred CD4+ T cells from
asthmatic mice exhibited a reduced reactivation of Th2 and Th17 cells following
stimulation with HDM plus GliSODin®.
Conclusion: GliSODin® abrogates asthma features and reduces CD4+ T-cell
polarization and reactivation. Taken together, these data suggest that GliSODin®

could be used for the management of asthma symptoms.
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Introduction

Antioxidants quench reactive oxygen species (1); however, their levels decrease with age,

causing a corresponding increase in oxidative stress (2–4). Oxidation leads to the

production of free radicals resulting in a chain reaction that causes damage to living

organisms. Therefore, it is becoming progressively more important to consume antioxidants

with food or as dietary supplements. In recent years, antioxidants have been referred to as a

seventh category of nutrients, in addition to proteins, carbohydrates, lipids, vitamins,

minerals, and dietary fiber. The accumulation of oxidative stress is thought to contribute to

the development of obesity and other lifestyle-related diseases (5). Asthma, whose
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prevalence has constantly increased over the last few decades, has

become one of the most prevalent airway diseases affecting more

than 300 million people worldwide. Despite the efficacy of

treatments, asthma still results in altered quality of life, morbidity,

and economic burdens (6). Severe asthma represents 5%–10% of

cases and results in permanent respiratory limitation, frequent

exacerbations, and sometimes death (7). Asthma is characterized

by increased reactive oxygen species (ROS) production, exceeding

the protective capacity of the natural antioxidant systems, and

inducing oxidative stress (8). Oxidative stress is caused by

oxidative reactions that affect cells containing high levels of ROS

(9). Since oxidative stress contributes to asthma severity (10),

factors that reduce its severity should help prevent asthma. ROS

are typically detoxified by antioxidant mechanisms such as those

involving the enzymes superoxide dismutase (SOD), catalase

(CAT), and glutathione peroxidase (GPx). SODs catalyze the

dismutation of superoxide anion (O2−), a free radical involved in

several reactions that produce a variety of ROS and reactive

nitrogen species (RNS) from which many other secondary radical

species can be generated (11). Melon SOD-gliadin (GliSODin®) is

a patented oral formulation that combines a vegetarian source

of SOD with a vegetable prolamin (gliadin) that not only protects

SOD from gastric digestion, but also promotes the delivery of

SOD to the mucosa of the small intestine (12). Several studies

using melon GliSODin® have been conducted in several animal

models and in human clinical trials. In animal studies, melon

GliSODin® increased the activity of antioxidant enzymes in

circulating blood (13) and decreased the production of

inflammatory cytokines (14). In parallel, investigations that

measure SOD level in asthmatic mice show a decrease in SOD

activity in mouse model of asthma (15, 16) associated with a

decrease in catalase and glutathione peroxidase (17). To the

opposite, it has been demonstrated that GliSODin is able to

increase SOD expression and activity (13, 14). Finally, mice that

were orally fed with anti-oxidative products exhibited a decrease in

lung inflammation and lesions in mouse model of asthma (18, 19).

A study of children with asthma and dust mite allergy in Indonesia

showed significant improvements in asthma-related symptoms

when immunotherapy was combined with GliSODin®. Therefore,

based on this information, we hypothesized that the

immunomodulatory properties of melon GliSODin® could prevent

and reduce oxidative stress, and that it can be used as a therapeutic

agent to treat asthma. Here, we investigated the effect melon

GliSODin® in a house dust mite (HDM)-induced asthma model in

mice and their effects on the immune reaction during asthma.
Material and methods

Animal model

Female BALB/c By J mice were obtained from Charles River

(France). The protocol was approved by the Ethics Committee on

Animals Experimentation Pays de Loire (accreditation number

3455). The mice were housed in ventilated cages in the IRS-1

Experimental Therapeutics Unit with free access to water and a
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standard diet (SAFE A04) and a dark/light cycle of 12:12 h. The

total extract of HDMs was obtained from Stallergenes Greer

(Antony, France).
Acute respiratory allergy to HDM

Female BALB/c By J mice (aged 7 weeks) were sensitized once

per week for 4 weeks with 500 µg HDM diluted in 20 µl of 70%

DMSO/PBS (phosphate-buffered saline) by the percutaneous

route (Figure 1A). After the sensitization phase, the mice were

intranasally challenged (250 µg of HDM diluted with 40 µl of

PBS) once per week for 2 weeks. Control mice received PBS

only. The final analysis was performed 24 h after the last

challenge (Day 36). GliSODin® was orally administered (gavage,

200 µl of GliSODin® diluted in water) daily 24 h after the first

sensitization and until the end of the protocol (Day 36). This is

equivalent to a dose of 5 mg per day of GliSODin®. Melon

GliSODin® was used in the experiment; however, similar results

were obtained using wheat GliSODin® (not shown).
Airway hyperresponsiveness measurement

The day after the second challenge, invasive evaluations of

airway resistance, compliance, and elastance were performed

using the force oscillation technique (EMKA Technologies). The

mice were anesthetized and intubated, and measurements were

performed before and after the nebulization of increasing

concentrations of methacholine (0–20 mg/ml).
Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) fluid was obtained by filling the

airways with 1 ml of PBS buffer. The BAL fluid was centrifuged,

and the pelleted cells were counted and analyzed by flow

cytometry. The cytokine quantification of the BAL fluid was

performed with Bio-plex ProTM Mouse Cytokine Grp1 Panel

23-Plex (Bio-Rad®) according to the manufacturer’s instructions

using the Bio-plex® 200 system by Bio-Rad®. The BAL fluid

chemokines were quantified using RANTES, eotaxin, KC, MIP1α,

TARC, and MCP-1 ELISA kit (Bio-Rad Laboratories, Munich,

Germany) according to the manufacturer’s instructions.
In vitro lymphocyte activation

After the “acute respiratory allergy to HDM” protocol,

dendritic cells (DCs) were isolated from the bone marrow of

BALB/c (BMDCs) and cultured in vitro with GliSODin® (5 mg/

ml) in BMDC medium (RPMI1640, 1% penicillin–streptomycin,

1% L-glutamine, 1% sodium pyruvate, 1% HEPES, 1% MEM

non-essential amino acid, B-mercapto-ethanol 100 µl/L of

100 nM, and SVF 10%) supplemented with 20 ng/ml GM-CSF

(premium grade, Miltenyi Biotec). After 7 days of culture, HDM
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FIGURE 1

GliSODin® improves respiratory function in HDM-induced allergic mice via an anti-inflammatory effect. The mice were percutaneously sensitized to HDM to
trigger an allergic reaction and received GliSODin® treatment (A). Airway resistance (B), compliance (C), and elastance (D) were measured by the forced
oscillation technique. The black circle indicates the control (CTL), the white circle indicates the control plus GliSODin® treatment (CTL +Glisodin), the
black square indicates HDM-sensitized mice (HDM), and the white square indicates HDM-sensitized mice treated with GliSODin® (HDM+Glisodin). The
data are represented as the mean± SEM, n=6 mice per group for all groups, *p <0.05, ***p <0.005. HDM, house dust mites; GliSODin®, Melon SOD-gliadin.
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was added (10 µg/ml). After 8 days of culture, CD4+ and CD8+

(LT) lymphocytes were isolated from the spleens of mice after

the “acute respiratory allergy to HDM” protocol and were

enriched by negative selection with EasySepTM Mouse CD4+ and

CD8+, T-Cell Isolation Kits (StemCell Technologies). The LT

CD4+ or LT CD8+ were added to dendritic cells and cocultured.

Two days later, the LT CD4+ and CD8+ differentiation profiles

were analyzed by flow cytometry.
Adoptive transfer

The LT CD4+ cells were isolated from the spleens of BALB/c

expressing a congenic Ly5.1 marker mouse after the “acute

respiratory allergy to HDM” protocol as described previously. 2–3.106

LT CD4+ cells were stained with CFSE (Invitrogen) and

intravenously injected into other WT BALB/c mice expressing the

standard Ly5.2 marker. The following day, the mice were

administered GliSODin® by gavage for 6 subsequent days. The mice

were intranasally challenged (250 µg of HDM diluted with 40 µl of

PBS) 3 and 6 days after adoptive transfer. The day after the last

challenge, LT CD4+ expansion was analyzed by flow cytometry with

congenic marker allowing the identification of donor cells.
Flow cytometry

The lungs were removed and crushed with a Ten Broeck tissue

grinder (WheatonTM) to obtain a single-cell suspension. The lung

pellet was suspended in 1 ml of RBC lysis buffer (eBioscienceTM)
Frontiers in Allergy 03
for 8 min at room temperature and mixed with 9 ml of FACS

buffer (DPBS without Ca2+ and Mg2+, 1% EDTA, 1% fetal

bovine serum). The lung cell pellet was suspended in 600 µl of

FACS buffer. The total cells were counted on KOVA slides. The

BAL fluid cells were stained with the following surface markers:

CD3-PerCP Cy5.5, CD4-APC-Cy7, CCR3-Alexa647, F4/80-FITC,

Ly6G-BV421, Siglec F-BV510, and Ly6C-PE. T cells in the lung

were stained with the following surface markers: CD3-PerCP

Cy5.5, CD4-APC-Cy7, CD8-FITC, and CD25-BV510. The cells

were fixed and permeabilized using a Cytofix/Cytoperm Kit (BD

Biosciences) and stained with FoxP3-Alexa647, GATA3-PE-Cy7,

and RORγT-PE. The LT CD4+ and CD8+ cells were stained with

IFN-γ-FITC, Foxp3-PE, CD4-PerCP Cy5.5, CCR4-PE-Cy7, IL-4-

Alexa647, CD8, APC-Cy7, IL-17-BV421, and CD25-BV510. For

adoptive transfer, the LT CD4+ cells were stained with CFSE

(FITC), Ly5.1-PE, CD4-PerCP Cy5.5, CCR6-PE-Cy7, RORγT-

Alexa647, CD8-APC-Cy7, and IL-17RA-BV510. The cells were

identified by flow cytometry on a Fortessa X20 cytometer (BD

Biosciences). Data were acquired using DIVA software (BD

Biosciences) and analyzed with FlowJo (TreeStar, V10.5.3). The

gating strategies are shown in Supplementary Figure S3.
Serum analysis

Blood was collected by cardiac puncture, and serum was

isolated. The serum levels of total and specific Derf1 IgE were

quantified by indirect ELISAs. A total of 96 well plates were

coated with 2.5 µg/ml natural Derf1 (Indoor Biotechnology, NA-

DF1-1) and incubated overnight at 4°C. Then, the wells were
frontiersin.org

https://doi.org/10.3389/falgy.2023.1199355
https://www.frontiersin.org/journals/allergy
https://www.frontiersin.org/


Klein et al. 10.3389/falgy.2023.1199355
washed with PBS-0.1% Tween, saturated with PBS-0.1% Tween-0.5%

gelatin (PBS-T-G) for 2 h at 37°C, washed, filled with serum diluted

by 40x in PBS-T-G, and incubated overnight at 4°C. Specific Derf1

IgE was revealed with anti-mouse IgE (Cliniscience) coupled to AP.

Substrate MUPs (Merck, Sigma-Aldrich) were added and incubated

for 1 h and 30 min at room temperature in the dark, and

fluorescence was measured at an excitation wavelength of 360 nm

and an emission wavelength of 440 nm with a Varioskan LUX

3,020-956 (Thermo Fisher Scientific). The relative fluorescence was

determined compared with that of control mice. MCP-1 levels

were quantified using Bio-plex ProTM Mouse Cytokine Grp1 Panel

23-Plex (Bio-Rad®) as BAL fluid analysis.
Histology

Lungs were fixed in 4% paraformaldehyde in PBS for at least

48 h, embedded in paraffin, and cut and stained by the

MicropiCell Platform (SFR Bonamy, IRS-UN, Nantes). Large lung

scans were performed with a Nikon Eclipse Ti2 microscope (NIS-

Element). The histological score was based on the following

criteria: integrity and hyperplasia of the lung epithelium (measure

of the increase in epithelial thickness), mucus production, lung

inflammatory infiltrate (observation of inflammatory infiltrate or
FIGURE 2

GliSODin® reduces lung remodeling and infiltration. Lung sections were staine
(A). The histological score was calculated by measuring bronchial epithelial thic
muscle thickness (B). Lung infiltration was assessed by quantitative flow cytom
CD4+ T lymphocytes (LT) present in the BAL fluid (C). The chemokine conce
indicates the control (CTL), the light gray bar indicates the control plus GliSO
mice (HDM), and the gray bar indicates HDM-sensitized mice plus GliSODin
SEM, n= 6 mice for CTL and CTL +Glisodin groups and eight mice for HDM
0.001. Comparison between groups are indicated by draw line or with all oth
Melon SOD-gliadin; HDM, house dust mites; BAL, bronchoalveolar lavage.
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nodules), and bronchial smooth muscle remodeling (measure of

the increase in smooth muscle thickness). Each of the four criteria

was scored on 5 points with a relative comparison with control

mice, for a final score of 20 points.
Statistical analyses

The data were analyzed using GraphPad Prism 6.0 (La Jolla,

CA, United States). Values are expressed as the mean ± SEM and

were compared using non-parametric ANOVA with a Kruskal–

Wallis test. A p-value of less than 0.05 was considered

significant. A total of five to eight mice per group were used.
Results

GliSODin® prevents airway dysfunction and
inflammation in asthma

To investigate the therapeutic potential of GliSODin®, we first

measured its effects on a mouse model of HDM-induced airway

inflammation (Figure 1). We used a previously described model

harboring mixed Th2/Th17 inflammation associated with
d with HPS after paraffin inclusion and were observed under a microscope
kness, mucus production, inflammatory infiltration, and bronchial smooth
etry analysis of eosinophils (EO), neutrophils (Neu), macrophages (M), and
ntrations in the BAL fluid were quantified by ELISA kit (D). The white bar
Din® treatment (CTL +Glisodin), the black bar indicates HDM-sensitized
® treatment (HDM+Glisodin). The data are represented as the mean ±
and HDM+Glisodin groups, *p < 0.05, **p < 0.01, ***p < 0.005, ****p <
er groups when no line. HPS, hematoxylin-phloxine-saffron; GliSODin®,
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eosinophilic and neutrophilic infiltration (Figure 1A). Mice that

received GliSODin® by oral gavage during the experimental

protocol exhibited a decrease in lung resistance in response to

methacholine compared with asthmatic mice and a similar level as

control mice (Figure 1B). In parallel, mice receiving GliSODin®

display an increase in compliance compared with asthmatic mice

but remain significantly decreased compared with control mice

(Figure 1C). Finally, lung elastance was significantly decreased in

mice receiving GliSODin® compared with asthmatic mice to reach

a level comparable with control mice (Figure 1D). Subsequently,

pulmonary lesions were investigated (Figure 2). GliSODin®-treated

asthmatic mice exhibited less perivascular and peribronchial cell

infiltration, mucus production, and epithelial cell hyperplasia than

asthmatic mice as shown by histological images (Figures 2A,B).

Consistent with lung histological scoring, inflammatory cells in the

BAL fluid of mice that received GliSODin® exhibited a decrease in

macrophages, eosinophils, neutrophils, and lymphocytes

(Figure 2C). This decrease in innate cells was associated with a

reduced the BAL fluid level of the chemoattractant RANTES,

eotaxin, TARC, and MCP-1 in asthmatic mice treated with

GliSODin® compared with the untreated mice. However, the level

of the chemoattractant molecule KC was still high even after the

asthmatic mice were treated with GliSODin® (Figure 2D). We then
FIGURE 3

GliSODin® improves the anti-inflammatory effect on the T helper lymphocyte
lymphocytes (CD4+ IL-13+) (B), and T helper 17 (Th17) lymphocytes (CD4+
specific Derf1 IgE levels were quantified by ELISA (D and E). MCP-1 levels in
IL-4 were quantified by Bio-plex technology (G). The white bar indicates th
treatment (CTL +Glisodin), the black bar indicates HDM-sensitized mice (H
treatment (HDM+Glisodin). The data are represented as the mean ± SEM, n
****p < 0.001. GliSODin®, Melon SOD-gliadin; BAL, bronchoalveolar lavage; H
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measured inflammatory cells in the lung (Figure 3). As expected,

asthmatic mice exhibited an increase in Th1, Th2, and Th17 cells

compared with control mice. According to their inflammatory

status, GliSODin®-treated mice showed a decrease in these three T

helper (Th) lymphocytes populations compared with allergic mice

and reached a level that was not significantly different from that of

control mice (Figures 3A–C). Then, we explored the effect of

GliSODin® on circulating total and HDM-specific IgE and MCP-1

levels, which reflects the Th2 humoral response and allergic

markers (Figures 3D–F). Although asthmatic mice had a higher

level of HDM-specific IgE than control mice, GliSODin®-treated

mice exhibited a level of HDM-specific IgE that was similar to the

control (Figure 3E). However, no significant effect of GliSODin®

was observed on the total IgE level suggesting a multi modal effect

(Figure 3D). In contrast, asthmatic mice had lower levels of HDM-

specific IgA than control mice, and GliSODin®-treated mice

exhibited levels of HDM-specific IgA that were similar to control

(Supplementary Figure S1A). However, asthmatic and GliSODin®-

treated mice exhibited the same levels of HDM-specific IgG1 and

IgG2a, and IgG1 and IgG2a levels were higher and lower,

respectively, than the control (Supplementary Figure S1B,C).

Regarding MCP-1 levels, asthmatic mice had a higher level than

control mice. Conversely, GliSODin®-treated mice had reduced
response. T helper 1 (Th1) lymphocytes (CD4+ IFNγ+) (A), T helper 2 (Th2)
IL-17+) in the lung were quantified by flow cytometry (C). The total and
serum (F) and the BAL fluid levels of the cytokine IL-5, IL-13, IL-17, and
e control (CTL), the light gray bar indicates the control plus GliSODin®

DM), and the gray bar indicates HDM-sensitized mice plus GliSODin®

= 6 mice per groups for all groups, *p < 0.05, **p < 0.01, ***p < 0.005,
DM, house dust mites.
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levels of MCP-1 compared with asthmatic mice (Figure 3F). Our

results demonstrate that GliSODin® treatment considerably reduced

lung inflammation, airway hyperresponsiveness (AHR), and

allergen-specific IgE, which are the three cardinal characteristics of

allergic asthma. Finally, we confirmed our results by measuring Th-

associated cytokines (Figure 3G). As expected, asthmatic mice

exhibited increased levels of Th2- (IL-5, IL-13, and IL-4) and Th17

(IL-17)-associated cytokines compared with control mice. In

contrast, GliSODin®-treated mice exhibited a less-pronounced

increase in those cytokines. These promising results led us to

investigate the mechanism of GliSODin®.
GliSODin® inhibits Th2 and Th17
differentiation in vitro

To further elucidate how GliSODin® inhibits Th2 and Th17

responses in asthma, we analyzed in vitro its effect on T-cell

differentiation (Figure 4A). We cocultured BMDCs and T cells

from BALB/c mice in the presence of HDM extract and/or

GliSODin®. When DCs were incubated in the presence of HDM

extract, the frequency of CD4 + IFN-producing Th1 cells did not

vary among experimental conditions (Figure 4B) nor did that of

CD8+ lymphocyte (Supplementary Figure S2). However, CD4 +
FIGURE 4

GliSODin® inhibits Th2 and Th17 differentiation in vitro. Dendritic cells were
GliSODin® (A). T helper 1 (Th1) lymphocytes (CD4+ IFNγ+) (B), T helper 2 (Th
IL-17+) (D), and T regulatory (Treg) lymphocytes (CD4+ CD25+ Foxp3+) (E)
the control (CTL), the light gray bar indicates the control plus GliSODin® t
(HDM), and the gray bar indicates HDM-sensitized mice with GliSODin® tre
n= 8 mice per group for all groups, *p < 0.05, **p < 0.01, ***p < 0.005, ****p
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IL-4-producing Th2 cells increased compared with those of

T cells cultured with control DCs (Figure 4C). In contrast, no

increase in Th2 cells was observed when DCs were incubated

with HDM extract and GliSODin®. Similar results were observed

in CD4+IL-17A+ cells (Figure 4D). Interestingly, CD4+CD25

+Foxp3+ Treg were decrease by HDM conditions but not in

HDM+GliSODin® conditions (Figure 4E). These results suggest

that GliSODin® is able to counteract the ability of HDM to

induce Th2 and Th17 differentiation in T cells affecting on DC

activation.
GliSODin® inhibits T-cell reactivation in vivo

Based on our previous results on mouse BMDCs and T-cell

polarization, we investigated the effects of GliSODin® on T-cell

reactivation (Figure 5). CD4+ cells from asthmatic mice were

isolated, labeled with CFSE, and adoptively transferred into

Ly5.1+ BALB/c mice. The following day, the mice were treated

with or without GliSODin® by daily gavage until the day before

analysis and were restimulated with HDM on days 3 and 6 after

adoptive transfer (Figure 5A). Following HDM restimulation,

CFSE labeling showed that lung Ly5.2+ CD4+ T-cell adoptively

transferred from asthmatic mice proliferate more than Ly5.2+
isolated from HDM-allergic mice, cocultured with LT CD4+, HDM, and
2) lymphocytes (CD4+ IL-4+) (C), T helper 17 (Th17) lymphocytes (CD4+
in the lung were quantified by flow cytometry. The white bar indicates
reatment (CTL +Glisodin), the black bar indicates HDM-sensitized mice
atment (HDM+Glisodin). The data are represented as the mean ± SEM,
< 0.001. HDM, house dust mites; GliSODin®, Melon SOD-gliadin.
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FIGURE 5

GliSODin® inhibits lymphocyte reactivation and proliferation during allergic reactions in mice. Adoptively cell transfer experiment was realized where LT
CD4+ lymphocytes from HDM allergic mice (Ly5.1), stained with CFSE are IV transferred to another wild type Balb/c mice. The Balb/c mice were treated
with GliSODin® treatment and two HDM challenges (A). CD4+T lymphocyte proliferation was quantified by flow cytometry (B) and the Tcells (C) and its
subpopulation Th1 (D), Th2 (E) and Th17 (F) frequency was calculated. The white bar indicates the control (CTL), the light grey bar indicates the control
plus GliSODin® treatment (CTL+Glisodin), the black bar indicates HDM sensitized mice (HDM), and the grey bar indicates HDM sensitized mice plus
GliSODin® treatment (HDM+Glisodin). The data are represented as the mean ± SEM, n=5 mice per group for all groups, *p<0.05, **p<0.01,
***p<0.005, ****p<0.001.

Klein et al. 10.3389/falgy.2023.1199355
CD4+ T cells from control mice. Interestingly, Ly5.2+ CD4+ T cells

from asthmatic mice treated with GliSODin® and HDM extract

proliferated less than those from HDM restimulated mice. Ly5.2+

CD4+ T-cell from control mice treated with GliSODin® alone

exhibited a proliferation rate similar to that of cells from control

mice (Figures 5B,C). To further investigate which CD4+ T-cell

subpopulation was modulated, we analyzed the Ly5.2+ Th1, Th2,

and Th17 T cells. We first observed that the Ly5.2+ CD4+ Th1

cells frequency was not altered by HDM restimulation or

GliSODin® treatment in HDM, or HDM and GliSODin®-treated

mice (Figure 5D). However, the Ly5.2+ CD4+ Th2 cells

frequency in asthmatic mice was increased following HDM

restimulation compared with control mice. By contrast, the

Ly5.2+ CD4+ Th2 cells frequency in asthmatic mice was

decreased after HDM restimulation and GliSODin® treatment

compared with that in asthmatic mice treated with HDM

restimulation alone (Figure 5E). We observed the same changes

in Ly5.2+ CD4+ Th17 cells frequency in each group (Figure 5F).

These results show that GliSODin® prevents Th2 and Th17 cells

reactivation in vivo after allergen re-exposure.
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Discussion

In the present study, we first demonstrated that GliSODin®

supplementation prevents AHR, lung inflammatory infiltration,

Th2 responses, and HDM-specific IgE production, which are

cardinal features of allergic asthma. Moreover, we found that

GliSODin® reduced pro-inflammatory chemokine and cytokine

levels in the lung (Figure 6). Mechanistically, we showed that

GliSODin® inhibited Th2 and Th17 cell polarization,

proliferation, and reactivation. During asthma, ROS are

responsible for epithelial damage and bronchial AHR (20). Here,

we demonstrated for the first time that GliSODin® prevented

HDM-induced structural alterations during asthma and AHR.

Bronchial AHR is sustained by chemokines such as eotaxin,

RANTES, and MCP-1, which promote recruitment and

activation of eosinophils, mast cells, basophils, and macrophages

in the lung (21). Eotaxin and MCP-1 can be induced by ROS

(22, 23), and RANTES promotes ROS production by eosinophils

(24). In the present study, we observed that there is no lung

infiltration in HDM-induced asthmatic mice treated with
frontiersin.org
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FIGURE 6

GliSODin® protects against allergic asthma in mice. After sensitization and challenge with house dust mites, the mice exhibited an inflammatory response
characterized by innate immune cell infiltration and an adaptative immune response. In contrast, mice that were orally treated with GliSODin® exhibited
reduced innate and adaptative immune responses resulting in a decrease in asthma-like symptoms. GliSODin®, Melon SOD-gliadin.
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GliSODin® at the microscopic level. Consistent with this finding,

the BAL fluid analysis showed control-like levels of eotaxin,

RANTES, MCP-1, eosinophils, neutrophils, and macrophages in

asthmatic mice treated with GliSODin®, indicating the ability of

GliSODin® to prevent the induction of chemokines and by

extension the recruitment of innate cells that produce ROS and

are responsible for AHR in the lung. Inflammation is another

component of asthma pathophysiology and results from innate

and adaptive inflammatory cells accumulation and activation in

the lung. We demonstrated that in addition to preventing innate

immune cells accumulation in the lung, GliSODin® prevented

lung accumulation of adaptive inflammatory Th2 and Th17 cells.

TARC is a chemokine ligand that attracts and binds to CCR4-

expressing cells. Th2 and, to a lesser extent, Th17 cells express

CCR4 (25) and can migrate to tissues in which TARC is

expressed (26). In addition, TARC can be induced by ROS

through NF-κB signaling (27). In our study, the absence of Th2

and Th17 cell infiltration in the lung may be due to the lower

levels of TARC in the BAL fluid of GliSODin®-treated asthmatic

mice than the untreated asthmatic mice.

DCs are the bridge between innate and adaptive immunity, and

these cells specialize in presenting antigen fragments to naïve

T cells through major histocompatibility complexes I and II

(MHCI and MHCII, respectively). DC activation is characterized

by the expression of the costimulatory molecules CD80, CD86,

CD40, and MHCII that enable DCs to prime naïve T cells and
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polarize them into specific Th cells according to the presented

antigen (28). During asthma, DCs are able to polarize naïve T

cells into Th2 and/or Th17 cells that sustain an inflammatory

environment (29). Our in vitro results demonstrated that

coculturing GliSODin®-primed DCs with naïve T cells prevented

T-cell polarization into Th2 or Th17 even in the presence of

HDMs. Moreover, the in vivo results demonstrated the ability of

GliSODin® to reduce differentiated Th2 and Th17 cell

reactivation by reducing their proliferation, confirming previous

studies showing that ROS upregulates costimulatory surface

molecules CD40, CD86, and MHCII and promote T-cell

proliferation (30) and polarization (31). In addition, we observed

that GliSODin®-primed DCs maintained Treg polarization

compared with unprimed DCs exposed to HDM. This result

could be explained by the ability of GliSODin® to induce the

production of IL-10 (14), thus promoting Treg-cell expansion

(32). However, we did not measure the ability of GliSODin® to

modulate the DC expression of CD40, CD86, MHCII, and IL-10,

and further investigations are needed to address this question.

The early sensitization phase of allergic asthma is characterized

by DC-induced Th2 cells that produce IL-4 and promote B-cell

switching toward allergen-specific IgE-secreting cells (33). In our

study, we observed that GliSODin® prevented increases in HDM-

specific IgE in the serum of HDM-induced asthmatic mice. This

lack of allergen-specific IgE after allergen sensitization and

challenge may be due to GliSODin®. We previously mentioned
frontiersin.org
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that ROS were responsible for DC-induced Th2-cell polarization.

Moreover, SOD from GliSODin® is likely to be the enzyme that

detoxifies the ROS that induce DC-mediated Th2 polarization,

and GliSODin® can be biologically active throughout the mouse

model timeline (13). Previous studies using GliSODin®

demonstrated its ability to successfully reduce ROS and ROS-

related outcomes such as inflammation in animal models and

humans (14, 34, 35).

In conclusion, we obtained similar results with wheat

GliSODin® (data not shown), and both wheat SOD and melon

SOD GliSODin® are preventive agents in allergic asthma.

However, this is a pilot study using a small number of mice, and

it would be necessary to realize this study on a larger cohort of

animals to confirm our results. Nevertheless, our positive results

demonstrated that further studies in human are needed to

confirm the beneficial effects of GliSODin on allergic asthma.
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