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Introduction

Abstract

Objective: Food allergy (FA) has become a public health issue of global concern.
Short-chain fatty acids (SCFAs) are one of the most important biomarkers of intestinal
metabolites. SCFAs may affect the occurrence and development of FA. Currently, no
studies have been reported on the mechanism of FA in response to SCFAs. In this
study, the common food allergen ovalbumin (OVA) was used for intestinal sensitiza-
tion in Balb/c mice to study the effect of FA on intestinal barrier function and regula-
tory T cells in mice, thus providing a new target for the prevention and
treatment of FA.

Methods: Twenty BALB/c mice were randomly divided into the experimental group
and control group. The experimental group was given OVA, and the control group
was given an equal amount of physiological saline. On the 31st day of modeling, the
levels of secretory immunoglobulin A (sIgA) and serum total IgE and diamine oxi-
dase (DAO) were determined using enzyme linked immunosorbent assay (ELISA). At
the same time, after in vitro stimulation with different concentrations of SCFAs and
histone acetylase inhibitor trichostatin A (TSA), the frequency and function of Treg in
OVA-sensitized mice were detected by flow cytometry.

Results: Different concentrations of SCFAs and TSA selectively proliferate Treg cells
in a dose-dependent manner. SCFAs and TSA-pretreated PBMCs that were injected
intravenously into the OVA-sensitized mice through the tail vein can significantly
reduce the expression of IgE, DAO, and sIgA.

Conclusion: SCFAs and TSA can selectively proliferate Tregs and upregulate the
expression of anti-inflammatory cytokines, thereby suppressing allergic reactions.

this study, the common food allergen ovalbumin (OVA) was
used for the first enteral sensitization in Balb/c mice,* and then,

Food allergy (FA) refers to the body’s adverse immune response
to food allergens. It mainly affects the gastrointestinal tract. Its
immunological pathways include food-specific IgE antibody-
mediated effector cell activation, cell-mediated subacute or
chronic inflammatory responses, and both IgE antibodies and
cell-mediated pathways. In recent years, the prevalence of food
allergies has been on the rise. Epidemiological surveys show that
their progress demonstrates a phase change with age.' Previous
studies suggest that environmental factors have a role in promot-
ing FAs.? The intestinal tract is one of the major organs involved
in FA. Metabolites of intestinal microflora, short-chain fatty acids
(SCFAs), may directly or indirectly affect the occurrence and
development of FAs through multiple pathways. Regulatory T
cells (Treg) play a very important role in maintaining immune
tolerance. One of the important causes of allergic diseases is the
disorder or decline in their number.> At present, no studies have
been reported on the mechanism of FA in response to SCFAs. In

the effect of FA on intestinal barrier function and regulatory T
cells in mice was studied. The aim of this study was to investi-
gate the effect of SCFA and its receptor-signaling pathway inter-
vention on regulatory T cells and its protective effect on FA
mice to provide a theoretical basis for better prevention and treat-
ment of FAs.

Materials and methods

Animals, reagents, and materials. Specific pathogen
free (SPF) grade 6-8-week-old Balb/C mice were purchased
from the Experimental Animal Center of Huazhong University of
Science and Technology. All mice were fed at the Specific Path-
ogen Free level animal experiment center. All animal experi-
ments were performed according to the regulations of the Animal
Experimental Ethics Committee. Acetic acid (100%) was
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purchased from Merck, Darmstadt, Germany; propionic acid
(100%) was purchased from Acros, Brussels, Belgium; butyric
acid (99%), histone acetylase inhibitor trichostatin A (TSA), and
OVA) were purchased from Sigma, St. Louis, Missouri, USA;
aluminum hydroxide gels were purchased from Thermo, Wal-
tham, MA, USA; diamine oxidase (DAO) assay kits were pur-
chased from Nanjing Jiancheng Company; Tregs flow assay Kkits
were purchased from eBioscience, Los Angeles, CA, USA;
OVA-specific IgE and sIgA ELISA kits were purchased from
Chondrex, Redmond, Washington, USA; and the mouse IL-10
and TNF-a ELISA kits were purchased from eBioscience.

Methods

Grouping and modeling. Twenty Balb/c mice were fed with
no test protein, and their body weight was 18-22 g. Males and
females were divided into the experimental group (OVA group)
and control group (NS group). The sensitization was performed
according to the literature method as follows* (i) Basic
sensitization—the animals in the experimental group were injected
intraperitoneally with a 0.5 mL solution of sterile physiological
saline containing OVA 10 mg and AI(OH); 1 mg on the first day;
(ii) Enhanced sensitization—on the 15th day, 0.5 mL of sterile nor-
mal saline containing OVA 10 mg was used for intraperitoneal
injection again; (iii) Intragastric administration—on the 20th, 24th,
and 28th days, 0.5 mL of sterile normal saline containing OVA
0.5 mg was intragastrically administered. The control group
received intraperitoneal injection and intragastric administration of
equal volume of normal saline. Diarrhea is a sign of success.

Determination of serum total IgE and DAOQO. On the 31st
day after model establishment, mice were bled by eyeballs and
sacrificed. After whole blood was allowed to stand at 37°C for 1 h,
serum was separated by centrifugation at 4°C. According to the
DAO assay kit instructions, the final microplate reader detects
DAO. Serum OV A-specific IgE levels were determined by ELISA.

Determination of small intestinal mucus sIgA. The ileum
of 4 cm at the end of the small intestine of all mice was flattened
on the filter paper and then cut longitudinally, and the contents
of the intestine and mucus were scraped into the EP tube, fully
homogenized by adding 1 mL of PBS, centrifuged at 10 000 g
for 15 min, and the supernatant was taken. The mucus slgA was
determined by ELISA.

Effects of short-chain fatty acids on food allergies

Effect of SCFAs on the frequency and function of Tregs
in peripheral blood mononuclear lymphocytes (PBMC)
of mice. Peripheral blood PBMCs of OV A-sensitized mice were
isolated, and the cell concentration was adjusted to (1, 2) X 105/
L. Then 5, 30 mM acetic acid; 2, 5, 30 mM propionic acid; 0.5,
1,2, 5, 10 mM butyrate; and 5, 20, 100 ng/mL TSA were added
in vitro and incubated at 37°C for 30 min. CD4-FITC,
CD25-APC, and 7AAD were surface-stained, light-shielded at 4°
for 30 min, and finally fixed and perforated. FoxP3 was added
and placed at 4°C for 30 min. Flow cytometry was used to detect
the frequency of CD4*CD25"Foxp3* Treg cells. Cell superna-
tants were collected for the detection of cytokines IL-10 and
TNF-a.

Effect of SCFAs on OVA-sensitized mice. A total of
2 x 10%L PBMCs were pretreated with 30 mmol/L acetic acid,
30 mmol/L. propionic acid, 10 mmol/L. butyric acid, and
100 ng/mL TSA for adoptive reinfusion experiments. These cells
were injected intravenously into the OVA-sensitized mice
through the tail vein. After 72 h, the serum IgE and DAO levels
and the expression of sIgA in the mucus of the small intestine
were detected again.

Statistical analysis. The experimental results were analyzed using
the SPSS 22.0 statistical software package (IBM Corp., Armonk, NY,
USA). An independent sample #-test was used to compare the mean
of the two groups, and an analysis of variance was used to compare
the three groups. P < 0.05 was considered statistically significant. The
experimental data were plotted using GraphPad Prism 5.0 software
(GraphPad Company, San Diego, California, USA).

Results

Serum total IgE and DAO. The serum total IgE content of
mice in the experimental group was significantly higher than that
of the control group (P = 0.001) (Fig. 1a). The OVA FA mouse
model in this study showed a high IgE response, suggesting a
successful model establishment. DAO is mostly distributed in the
mucosal or villous upper layers of mammals. If the intestinal
mucosal mechanical barrier is damaged, then the permeability
increases, and DAO will be released into the blood, resulting in
increased DAO levels in peripheral blood. The serum DAO con-
tent in FA mice was significantly higher than that in the control
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Figure 1 IgE, diamine oxidase (DAO), and intestinal mucosal sIgA expression in ovalbumin (OVA)-sensitized mice: On the 31st day after model

establishment, mice were bled by eyeballs, and small intestinal mucus was collected; ELISA detected serum IgE (a), DAO (b), and small intestinal

mucus slgA (c) expression. **P < 0.01; ***P < 0.001.
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Figure 2 Effects of short-chain fatty acids (acetic acid, propionic acid, butyric acid) and trichostatin A (TSA) on mouse peripheral blood mononuclear
lymphocyte (PBMC) Tregs in vitro: after isolation of PBMCs from ovalbumin (OVA)-sensitized mice, different concentrations of short-chain fatty acids
(acetic acid, propionic acid, butyric acid) and TSA were stimulated for 30 min, and FACS was used to detect Treg frequency. *#*P < 0.01;

**kP < 0.001.

group (P = 0.005) (Fig. 1b). This result suggests that the intesti-
nal permeability of OV A-sensitized mice is increased.

Small intestinal mucus slgA. In the experimental group,
the content of slgA in intestinal mucus was significantly higher
than that in the control group (P = 0.002) (Fig. 1c). The slgA is
an important part of the intestinal barrier, which binds to food
antigens and enhances the capture of antigens by the pooled
lymph nodules, thereby strengthening the intestinal immune bar-
rier function. This result suggests that, in the mouse model of
OVA FA, the sIgA response system of the mouse is hyperactive.

Effects of SCFAs (acetic acid, propionic acid,
butyric acid) and TSA treatment on Treg in mouse
PBMLC. Different concentrations of SCFAs and TSA selectively
proliferate Treg cells, with the increase of SCFA concentration.

The frequency of Treg cells increased in a dose-dependent man-
ner (Fig. 2).

Effects of SCFAs (acetic acid, propionic acid,
butyric acid) and TSA on the secretion of cyto-
kines (IL-10, TNF-z) in mouse PBMCs. Different con-
centrations of SCFAs and TSA promote the expression of anti-
inflammatory cytokines 10 while inhibiting the expression of
pro-inflammatory cytokines TNF-a. Their expression was also
dose-dependent (Fig. 3).

Effects of SCFAs (acetic acid, propionic acid,
butyric acid) and TSA-treated Tregs on expression
of IgE, DAO, and sigA in FA mice. SCFAs and TSA-
pretreated Tregs were transferred to OV A-sensitized mice and
significantly reduced the expression of IgE, DAO, and sIgA
(Fig. 4). This result suggests that SCFAs (butyrate, propionate,

192 JGH Open: An open access journal of gastroenterology and hepatology 3 (2019) 190-195
© 2019 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.



Z Zhu et al.

e
a Fededg X
600 M L i
ke * " EoT \KAXAT (Xa3 ek
(Il ks L, waki
| x I***Fm#
400 - 8. Iﬁ*ﬁiﬂ
E LY
) W ~
o
200 W
» o2
® *
0 &
TNF-a IL-10
butyrate
c
600 - ek
'Tl
*kk
o) L—
@ sk Sk *kk
400 4 "’—i —
% ° A
o
200 1
A
# 9
0 &5

TNF-a IL-10

acetate

Effects of short-chain fatty acids on food allergies

b *%k%k
600, F— R~ S
pmy *k%k
S e
400 - % adadal
E £ v
[e)]
Q.
200 -
v v
0 : @
TNF-a IL-10
propionate
**k*%k
3t** = l*_-}:***** ud
& & I 4
400 g
E
b - o
200
v L 4
0 o

TNF-a IL-10

TSA

Figure 3 Effect of short-chain fatty acids (acetic acid, propionic acid, butyric acid) and trichostatin A (TSA) treatment on the secretion of cytokines
(IL-10, TNF-a) in mouse peripheral blood mononuclear lymphocytes (PBMCs): after isolation of PBMCs from ovalbumin (OVA)-sensitized mice, differ-
ent concentrations of short-chain fatty acids (acetic acid, propionic acid, butyric acid) and TSA were stimulated for 30 min; cell supernatants were
collected for the detection of cytokines IL-10 and TNF-a. *#P < 0.01; ***P < 0.001.(a): (O), null; (@), 0.5; (A), 1; (¥), 2; (#), 5; (O), 10. (b): (O), null;

(@), 2; (A), 5; (W), 30. (c): (O), null; (@), 5; (A), 30. (d): (), null; (@), 5; (A), 2

and acetate) and TSA enhance the function of the intestinal bar-
rier, thus playing an antiallergic role.

Discussion

Since 2010, the National Institute of Allergy and Infectious Dis-
eases of the United States formally proposed that FA refers to a
reproducible adverse health effect caused by a specific immune
response when exposed to a specific food.” Currently, FA has
become a public health problem of global concern. In recent
years, the incidence rate has continued to rise. About 5% of
adults and up to 8% of children and infants are allergic to one or
more foods.® According to data from Europe and the United
States, the incidence of milk protein allergy among infants and
young children within 1 year of age is between 2 and 7.5%.” As
children’s age continues to increase, allergic diseases will
undergo periodic changes.® The clinical manifestations are

0; (w), 100.

different, such as nausea, vomiting, diarrhea, abdominal pain,
gastrointestinal disorders, and other gastrointestinal allergy symp-
toms, and severe cases can cause asthma attacks, shocks, and
even death. Prolonged FAs, especially in children with multiple
FAs, may affect growth and development. However, the mecha-
nism of FA is still unclear. In addition to the combination of food
proteins and impaired oral tolerance,® current etiological studies
have focused on Thl/Th2 cell imbalances, hygienic hypotheses,
and bacterial toxins.

Tregs is a group of cells with immunosuppressive func-
tions that can inhibit the activation of effector T cells and play an
important role in maintaining immune tolerance and immune
homeostasis. Its dysfunction or number decline is one of the
important causes of autoimmune and allergic diseases.>’
Hygiene hypothesis points out the use of antibiotics and
improved hygiene conditions. The increase in the prevalence of
allergic diseases is due to a decrease in early exposure of
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Figure 4 Effect of short-chain fatty acids (acetic acid, propionic acid, butyric acid) and trichostatin A (TSA) on IgE, diamine oxidase (DAO), and sIgA
expression in ovalbumin (OVA)-sensitized mice: short-chain fatty acids (SCFAs) and TSA pretreated PBMCs were injected intravenously into the
OVA-sensitized mice through the tail vein. After 72 h, eyelid bleeds and intestinal mucus were collected. ELISA was used to detect serum IgE,
DAO, and small intestinal mucus slgA. *P < 0.05; **P < 0.01; ***P < 0.001. (0), Control; (@), null-Treg; (A), butyrate-Treg; (¥), propionate-Treg; (@),

acetate-Treg; (4), TSA-Treg.

microorganisms.'®'" The establishment of newborn microorgan-
isms starts from birth. The microbial composition of a vaginal-
delivered infant is similar to the mother’s vaginal microbiota.
However, infants born through caesarean section receive micro-
biota from the maternal skin, and it has been shown that the inci-
dence of asthma and allergies is high in caesarean.'>'® Recent
research demonstrated that the development of FA is correlated
with dysbiosis in a mouse model of allergic dysregulation.'*
Food-allergic mice exhibited reduced abundance in members of
the Firmicutes phylum and an increase in Proteobacteria phylum
compared with WT mice. The transfer of allergen-specific Treg
cells blocked the development of allergic responses in mice while
also preventing the food-allergic dysbiosis observed in control
mice.'* Our study also confirmed that acetic acid, propionic acid,
and butyric acid can all selectively proliferate Tregs and upregu-
late the expression of anti-inflammatory cytokines, thereby sup-
pressing allergic reactions.

SCFAs are the most important metabolites of the intesti-
nal flora. In vivo, SCFA is mainly composed of acetic acid, pro-
pionic acid, and butyric acid, accounting for about 90-95% of
the total SCFA. The types and numbers of SCFAs produced by
bacteria of different species in the intestine are different, and
the intestinal flora in children with allergic diseases is signifi-
cantly different from those in normal children.” Studies have
demonstrated the ability of SCFAs to restore the frequency and

of the immune system.>® Therefore, the gut microbiota can be
considered a potential target for preventing and treating FA
intervention. This study also confirmed that SCFAs, the main
metabolite of the intestinal flora, can reduce allergic reactions
in OV A-sensitized mice.

Over the past decade, environmental factors related to
changes in lifestyle may have contributed to our loss of allergen
tolerance and may require better improvement. Better under-
standing on how symbiotic microorganisms or their metabolites
affect the production of Treg cells and how ecological disorders
affect allergic reactions may provide new strategies for the treat-
ment of allergic diseases.
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