Allergology International xxx (2018) 1-9

journal homepage: http://www.elsevier.com/locate/alit

Contents lists available at ScienceDirect

ALLERGOLOGY
INTERNATIONAL

Allergology International

Original Article

Immune suppression of food allergy by maternal IgG in murine

models

Hirotaka Yamashita * *, Tadamasa Hayashi ¢, Kenichi Saneyasu °, Hiroki Matsuhara ¢,
Teruaki Matsui ® °, Hiroyuki Tanaka ¢, Naoki Inagaki ¢

@ Laboratory of Pharmacology, Department of Bioactive Molecules, Gifu Pharmaceutical University, Gifu, Japan
b Department of Allergy, Aichi Children's Health and Medical Center, Aichi, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 16 November 2017
Received in revised form

28 February 2018

Accepted 28 March 2018
Available online xxx

Keywords:
Allergic diseases
Food allergy
Immunoglobulins
Oral tolerance
Ovalbumin

Abbreviations:

ITAM Immunoreceptor tyrosine-based
activation motifs

ITIM Immunoreceptor tyrosine-based
inhibitory motifs

Background: Most of the patients develop food allergy early in life. The factors related to parental
immune condition might be one of the conceivable causes.
Methods: We reported murine models of food allergy and oral OVA tolerance. To investigate the influ-
ence of parental immune condition on infant food allergy, female and male mice with food allergy or oral
tolerance were mated with each other.
Results: Food allergy was suppressed by decreased IgE production in the offspring of mice with food
allergy. On the contrary, anaphylaxis for OVA was induced in the offspring of mice with oral tolerance.
The suppression of food allergy being dependent on a maternal factor was revealed in the offspring after
cross-mating mice with food allergy and oral tolerance. Because OVA-specific IgG, presumed to be from
the allergic mother, was detected in the serum of naive infants from mothers allergic to food, we
assumed that the suppression was dependent on a specific IgG. The serum IgG purified by a G-protein
column was administered before OVA sensitization in the food allergy model, and OVA-specific IgE
production was found to be diminished in the administered mice. However, OVA-specific monoclonal
IgG1 and IgGy, administration could not suppress food allergy. Because we detected OVA-IgG immune
complex in the serum of mothers allergic to food, it might be a cause of maternal immune suppression.
Conclusions: We demonstrated that maternal specific IgG conjugated food antigen is an important factor
related to the development of food allergy and acquiring tolerance.
Copyright © 2018, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

sunlight and vitamin D,'*'® (high vitamin D level is a risk factor
for the development of food allergy in early infancy,'* or infants

Owing to the change in environmental conditions, numerous
allergic diseases, such as seasonal allergic rhinitis, pediatric asthma,
and peanut allergy, have increased over the last 100 years."?
Especially, food allergy has increased dramatically in the past few
decades.® Based on the challenge to some foods, the prevalence
of food allergy has increased from 1 to 10.8% as reported in a meta-
analysis,* and about 5% of the children in Europe have had one or
more food allergies in their lifetime.”® In Japan, epidemiology of
pediatric food allergy in Ogasawara Islands has shown lifetime food
allergy prevalence of 8.9%.” The causes of increasing food allergy are
considered to be genetic factors,®~'° changes in gut microbiome,'!
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with vitamin D insufficiency are more likely to have multiple food
allergies'), and intake of food additives.'® Genetic predisposition
and environmental allergen exposure may be associated with the
increasing prevalence of food allergy; however, these factors cannot
explain the mechanisms underlying the development of food
allergy."”

Children from asthmatic parents tend to develop asthma.'®
Similarly, parental allergy can induce allergic and non-allergic
rhinitis in their offspring.'® There is a strong familial aggregation
of food allergy among family members and twin.??! Maternal
inflammatory cytokine levels during pregnancy were related to the
cytokine levels in the offspring, and maternal IgE levels were
associated with IgE levels in children.?? Additionally, Treg number,
which decreases in atopic diseases, in the cord blood was related
to the risk of development of atopic dermatitis and sensitization
towards food allergens during the first year of life.”> These data
indicate that allergic factors in parents affect the disposition of their
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offspring. Maternal factors, such as the overall health condition
during pregnancy and lactation, are attributable to the develop-
ment of allergies early in life. However, reports on the association
of maternal consumption of peanut, milk, and wheat during
pregnancy and lactation with food allergy,”* or with reduced odds
of allergies,? responsible for the development of allergic diseases,
are inconsistent. In this study, we revealed the association between
parental (maternal) food allergy and the food allergy that devel-
oped in their offspring using murine models.

Methods
Animals

Male and female BALB/c mice, or female BALB/c-nu/nu mice used
for obtaining monoclonal antibodies, were purchased from SLC, Inc.
(Hamamatsu, Japan). The mice were housed in an air-conditioned
animal room at 23 + 1 °C temperature and 50 + 10% humidity.
Experiments were conducted following the guidelines of the
Animal Experiment Committee of Gifu Pharmaceutical University.

Murine models of food allergy and oral tolerance

Murine models of food allergy and oral tolerance to food anti-
gens®® are shown in Figure 1B, C. In the protocol of food allergy,
male and female BALB/c mice were sensitized intraperitoneally
with 1 pg OVA (Sigma—Aldrich, St. Louis, MO) or PBS mixed with
Imject Alum (Thermo Scientific, Rockford, IL). The mice were
administered 10 mg/mouse OVA dissolved in PBS orally four times
every other day to induce food allergy from 1 week after the second
sensitization of OVA injection. Anaphylaxis was elicited by
administration of 50 mg/mouse OVA. For the induction of oral

tolerance, mice were treated with 1 mg/mouse OVA orally for 5
successive days, 1 week before the first sensitization with OVA
injection. Naive male and female mice were used as controls
(Fig. 1A—C).

In murine model, a scoring system for anaphylactic symptoms
such as scratching, puffiness around the eyes and mouth, diarrhea,
wheezing, and death,?”?® and changes in the rectal temperatures®®
were usually used. We evaluated food allergy by a decrease in the
rectal temperature and allergic diarrhea induced by OVA intake
according to our previous report.’® The decrease in body tempera-
ture was measured as a change in 1 h from each oral OVA admin-
istration using a thermometer (KN-91, Natsume, Tokyo, Japan).
Allergic diarrhea was evaluated for determining the condition of
feces for 1 h after OVA administration. Severity of diarrhea was
assessed by a score from 0 to 3: 0 = solid state; 1 = semi-solid form
(solid containing a little liquid); 2 = slurry, and 3 = watery state.

Mating between mice allergic to food and mice with oral tolerance

Food allergy or oral tolerance to OVA was induced in five female
mice, who were mated with two male mice with the same treat-
ment. As controls, naive male and female mice were mated.
Offspring of each pair were weaned at the age of four weeks.
Following weaning, food allergy was induced in female infant mice
(Fig. 1D). In a cross-mating study, food allergy was induced in the
female progeny from female mice with food allergy or oral toler-
ance or naive mice mated with male mice with other treatment.

ELISA measurements

OVA-specific IgE, IgG1, IgG,a, and IgA levels in the blood were
measured by ELISA to modify previously described reports.>%!

A
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Fig. 1. Protocols for development of murine food allergy and oral tolerance models. Male and female mice were sensitized for OVA by administration of OVA/alum intraperitoneally.
(A) Naive female and male mice were used as controls. (B) Food allergy was induced in mice by oral administration of 10 mg OVA 4 times and elicited by 50 mg OVA. (C) Oral
tolerance was induced by preliminary oral administration of 1 mg OVA for 5 successive days. (D) Offspring from each pair was induced for development of food allergy. (A—C) For
measurements of immunoglobulin levels, the blood was collected from each parent at day 38, or (D) from offspring at 4 weeks and 8 weeks of age.

International (2018), https://doi.org/10.1016/j.alit.2018.04.001

Please cite this article in press as: Yamashita H, et al., Inmune suppression of food allergy by maternal IgG in murine models, Allergology




H. Yamashita et al. / Allergology International xxx (2018) 1-9 3

Table 1
Amounts of IgE, IgG1, and IgG2a antibodies in the injected samples.
Injection of IgG or serum OVA-slgG1 OVA-slgG2a OVA-sIgE
(ng) (ng) (ng)
Naive serum (NS) N.D. N.D. N.D.
Food allergy serum (FAS) 6.08 0.14 2.14
Food allergy serum through 5.90 0.40 N.D.
protein-G column (IgGs)
Anti-OVA IgG1 monoclonal 6.58 N.D. N.D.
antibody (IgG1)
Anti-OVA IgG2a monoclonal N.D. 0.18 N.D.
antibody (IgG2a)
Anti-OVA monoclonal IgG1 and 6.58 0.18 N.D.
IgG2a (Mix)

The samples were prepared from serum in food allergy mice, or ascites of mice
injected with hybridoma cells producing OVA-specific IgG1 and IgG2a. N.D., not
detected.

OVA-specific IgE, IgGy, or IgA were bound to an immune
plate (Nunc, Roskilde, Denmark) coated with anti-mouse IgE
antibody (MAC419, clone LO-ME-3; Serotec Ltd., Oxford, UK),
anti-mouse IgG; antibody (STAR81, Serotec Ltd.), or anti-mouse
IgA antibody (STAR137, Serotec Ltd), respectively, and detected
by enzyme reaction after incubating with biotinylated antigen,
and then with horseradish peroxidase-conjugated streptavidin
(Dako, Glostrup, Denmark). In a measurement of OVA-specific
IgG2a, OVA was directly caught on an immune plate, and spe-
cific IgG,, was detected by horseradish peroxidase conjugated
anti-mouse IgG,, antibody (MCA421P, Serotec Ltd.). After the
enzyme reaction, absorbance was measured at 492 nm (refer-
ence 690 nm).
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IgG administration

The serum from mice allergic to food was collected 1 week after
the last oral challenge with OVA. The serum was passed through
protein G sepharose 4 fast flow column (GE heathcare, Little
Chalfont, UK) to remove other immunoglobulins, except for IgG,
such as OVA-specific IgE. Original serum contained 304.3 pg/mL
OVA-specific IgGy, 7.02 pg/mL OVA-specific IgG,,, and 107.24 ng/mL
OVA-specific IgE, and the serum through the column contained
118.0 pg/mL OVA-specific IgG; and 8.0 pg/mL OVA-specific IgG2a.
We diluted the original serum 10 times with PBS, and the serum
through the column 4 times with PBS to refer to the concentration
of OVA-specific I1gG in offspring from food allergy parents, and
0.2 mL of the diluted sera were administered. Amounts of the
administered IgG were shown in Table 1.

Hybridoma cells producing anti-OVA mouse IgG; monoclonal
antibody or anti-OVA mouse IgG,, monoclonal antibody were
kindly provided by Dr. Kiniwa, (Kyushu University, Fukuoka, Japan).
Ascetic fluid containing OVA-specific IgG; or IgG,, was collected
from BALB/c-nu/nu mice administered with hybridoma cells.
Monoclonal IgGs were purified at salting-out followed by passing
through the protein G sepharose 4 fast flow column (GE Health-
care). The monoclonal IgGs were diluted to refer to the amounts of
IgG1 and IgGa;, in the diluted food allergy serum indicated as FAS in
Table 1.

Food allergy serum, the serum passed through the column,
naive serum, anti-OVA mouse IgG; monoclonal antibody, anti-OVA
mouse IgG,, monoclonal antibody, and a mixture of IgG; antibody
and IgG,, antibody were administered the day before each
OVA/alum injection and a week before the first OVA/alum injection.
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Fig. 2. Induction of food allergy and immunoglobulin levels in female mice. Food allergy in female mice was estimated by decrease in (A) the rectal temperature and (B) diarrheal
score. Levels of OVA-specific (C) IgE, (D) IgA, (E) IgG4, and (F) IgG,, in the blood collected on day 38 were measured by ELISA. Each value represents a mean + SEM of 5 mice, or each
dot means an individual datum (**P < 0.01). N, naive; FA, food allergy; OT, oral tolerance; N.D., not detected.
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Western blotting for immune complex

OVA-IgG immune complex was detected using peroxidase-
rabbit anti-OVA antibody (Rockland Immunochemicals,
Limerick, PA) and peroxidase-goat anti-mouse IgG (Thermo
Scientific). Samples of serum passed through G-protein column,
and 5 and 10 pg/mL standard OVA were applied to 10%
acrylamide gel. After electrophoresis, the separated proteins in
the samples were transferred onto a PVDF membrane using a
semi-dry blotting system (Trans-blot SD, Bio-Rad Laboratories
Inc., Hercules, CA). The transferred proteins were detected by
anti-OVA antibody. After imaging using LAS-3000 mini imager
(Fuji Photo Film, Tokyo, Japan) or ChemiDoc Touch (Bio-Rad
Laboratories), the membrane was dipped into stripping buffer
(Aproscience, Naruto, Japan), and re-stained by anti-mouse IgG
antibody.

Statistical analyses

Data were expressed as mean + SEM. The statistical signifi-
cance of the difference values was evaluated by Student's or
Welch's t-tests, or Dunnett's test and Tukey—Kramer's method.
Each diarrheal score for a mouse was indicated as a dot, and an
average of the score shown as a bar. The statistical significance
in diarrheal scores was evaluated by Mann—Whitney U test, or
Steel's and Steel-Dwass's test. P < 0.05 was considered statisti-
cally significant.
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Results
Food allergy and oral tolerance in male and female mice as parents

Food allergy and oral tolerance were induced in male and female
BALB/c mice using protocols shown in Figure 1B, C. Decrease in the
body temperature and allergic diarrhea was evoked by oral
administration of 50 mg OVA in the female mice with food allergy
compared with that in naive and mice with oral tolerance (Fig. 2A,
B). In the female mice with food allergy, OVA-specific IgE, IgG1,
IgGoa, and IgA were detected in the blood collected the day before
induction; however, OVA-specific immunoglobulins were not
detected in female mice with oral tolerance (Fig. 2C—F). Decrease in
the body temperature and diarrheal score in the two food allergy-
induced male mice were 1.7 and 1.2 °C, and 2 and 1, respectively.
OVA-specific IgE levels in the two male mice were 134.9
and 102.1 ng/mlL, respectively, and IgG; levels were 101.1 and
126.1 pg/mL, respectively. OVA-specific immunoglobulins were not
detected in the male mice with oral tolerance using ELISA.

Induction of food allergy in offspring of mice with maternal or
paternal food allergy and oral tolerance

OVA-specific IgG1 and IgG,,, but not OVA-specific IgE and IgA,
were detected in the blood collected at weaning of the offspring
(4-week-old) from parents allergic to food (Fig. 3A, B, data not
shown). Female offspring from parents with food allergy or oral
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Fig. 3. Induction of food allergy and measurement of immunoglobulin levels in offspring at weaning and on the day before the challenge. Panels (A) and (B) show levels of
OVA-specific IgG; and IgG,, in the blood of female offspring from parents with food allergy or oral tolerance, or naive mice after weaning. Food allergy was induced in
infant mice. Anaphylaxis for OVA was estimated by measuring the decrease in (C) the rectal temperature and (D) diarrheal score. Levels of OVA-specific (E) IgE, (F) IgA, (G)
IgG1, and (H) IgG,, in the blood collected the day before the induction were measured by ELISA. Each value represents mean + SEM of 6 mice, or each dot means an
individual datum (*P < 0.05, **P < 0.01). N-off, offspring from naive parents; F-off, offspring from food allergy parents; O-off, offspring from parents with oral tolerance;

N.D., not detected.
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tolerance, and naive mice were sensitized with OVA/alum and
challenged by oral administration with OVA. Food allergy was
suppressed in the offspring from parents with food allergy (Fig. 3C,
D). The production of OVA-specific IgE was inhibited completely
(Fig. 3E), and that of IgA, 1gG4, and IgG,, was strongly suppressed in
the offspring of parents allergic to food (Fig. 3F—H).

Next, we analyzed whether the immune suppression for food
allergy was dependent on maternal or paternal factors. Food allergy
was induced in progenies of all the mating combinations of food
allergy, oral tolerance, and naive mice. Hypothermia and allergic
diarrhea were suppressed or tended to suppress in the offspring of
female mice allergic to food than naive and oral tolerance in spite of
fathers' immune condition (Fig. 4A, B). In a case of food allergy
father mated with food allergy mother, diarrhea was suppressed to
compare with in a case of father of oral tolerance mated with
food allergy mother (Fig. 4B). Additionally, the production of OVA-
specific IgE was completely suppressed in offspring of female mice
allergic to food (Fig. 4C). Taken together, the immune suppression
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for food allergy in the offspring might depend on the IgG from the
mother.

Suppression of food allergy by IgG administration

To confirm the suppression of food allergy by IgG administra-
tion, food allergy was induced in mice supplied with OVA-specific
IgG. IgG was obtained from the serum of mice allergic to food
containing a large amount of OVA-specific IgG and IgE, and from
food allergy serum passed through the protein G column to remove
IgE and IgA. Additionally, OVA-specific monoclonal IgGy, IgG,a, and
mixture of IgG; and IgG,, were assessed. Each IgG sample was
administered 8 days before the first sensitization for OVA, and the
day before each sensitization (Fig. 5A). The results suggested that
the decrease in the body temperature by anaphylaxis showed no
significant differences among the groups (Fig. 5B). However,
allergic diarrhea was inhibited by administration of purified IgG
from food allergy serum (Fig. 5C). OVA-specific IgE and IgGq levels

Kk ok % % P=0.10 P=0.10
i -
o 2.51 + —I—
8 2
wy
S 1.5
=
=
8 1
=)
0.5+
’ E3
Mother N FA OT N FA OT N FA OT
Father Naive Food allergy Oral tolerance

Fig. 4. Shuffled mating of female and male mice with food allergy or oral tolerance, or naive mice. Food allergy or oral tolerance was induced in female and male mice. Naive mice
were used as controls. Offspring were obtained from crosses between naive male mice and naive (N), food allergy-induced (FA), or oral tolerance-induced (OT) female mice.
Similarly, offspring were obtained from crosses between food allergy-induced or oral tolerance-induced male mice and female mice with the indicated treatment. Food allergy was
induced in female infant mice. Anaphylaxis for OVA was estimated by measuring the decrease in (A) the rectal temperature and (B) diarrheal score. Levels of (C) OVA-specific IgE in
the blood collected the day before the induction were measured by ELISA. Statistics was conducted by Tukey—Kramer's or Steel-Dwass's test among the same treated fathers or
mothers (*P < 0.05 and **P < 0.01 and indicated provability in the same treated fathers, or P < 0.05 in the same treated mothers). N.D., not detected.
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Fig. 5. Prevention of anaphylaxis by administration of OVA-specific IgGs. (A) Food allergy serum (FAS), the serum passed through protein G-column (IgGs) or naive (NS), or OVA-
specific IgG; or/and IgG,, monoclonal antibodies (IgG1, IgG2a, and Mix) were administered 8 days before the first sensitization with OVA/alum, and the day before each sensi-
tization. Anaphylaxis for OVA was estimated by measuring the decrease in (B) the rectal temperature and (C) diarrheal score. Levels of OVA-specific (D) IgE and (E) IgG, in the blood
collected the day before the induction were measured by ELISA. Each value represents a mean + SEM of 4—6 mice, or each dot means an individual datum (*P < 0.05, **P < 0.01).

on the day before the last induction were attenuated in the mice
administered with food allergy serum or the purified IgG compared
with those in mice administered with monoclonal IgG; and IgG,,
(Fig. 5D, E).

Detection of IgG-immune complex

Because monoclonal IgG administration failed to suppress the
food allergy, inhibition by IgG-immune complex was suspected.
Therefore, immune complex of OVA with IgG was confirmed by
western blotting in the serum of the mother allergic to food. The
protein was detected by anti-OVA antibody in the serum of mice
allergic to food, but not in the serum of naive mice or those
administered monoclonal IgG (Fig. 6A). The size of the protein was
larger than that of OVA and similar to that of IgG (Fig. 6B).
We believe that the protein with the size of about 50 kDa was the
OVA-IgG immune complex.

Next, we confirmed OVA-IgG immune complex in sera collected
1, 2, 4, 8 weeks after the last challenge with OVA. As results, we
could detect OVA protein even in the serum collected 8 weeks after
the challenge (Fig. 6C, D). We tried to detect OVA-IgG complex from
sera in offspring at the age of 4 weeks, but we could not detect the
bands of OVA in the samples of offspring from naive, food allergy,
and oral tolerance patients by western blotting (data not shown).

Discussion

Food allergy is defined as a phenomenon in which adverse re-
actions are caused through antigen-specific immunological mech-
anisms after exposure to given food.>? Generally, immune tolerance
for proteins in food is acquired by oral intake of the food in a
healthy person; however, anaphylaxis is evoked after intake of the
food in patients with food allergy. Because food allergy almost
develops early in the life, some of its causes depend on the envi-
ronment during the fetal period and infancy. In this study, we
focused on the relationship between parental conditions for a food
allergen and descendent allergy.

Because parental allergy is a risk factor for offspring allergy,'® we
formulated a hypothesis that parental food allergy is a risk factor for
developing food allergy in their children. We inspected this hy-
pothesis by producing offspring of parents with food allergy or oral
tolerance using murine models. Unexpectedly, development of food
allergy was suppressed in the offspring of parents with food allergy.
On the contrary, anaphylaxis was observed in the offspring of
parents with oral tolerance. Next, we analyzed whether immune
suppression could be traced to the male or female mice. The results
revealed that antigen-specific IgE production was inhibited in fe-
male mice with food allergy; some factors from the mother with
food allergy were able to prevent sensitization to food antigens.
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Fig. 6. Western blotting for OVA-IgG immunocomplex. (A) OVA proteins in food allergy serum (FAS), naive serum (NS), monoclonal IgG; (mAb), or 5 and 10 pg/mL OVA solutions
were detected by western blotting. (B) Proteins of IgG in the same samples were detected by anti-murine IgG antibody. Applied samples were diluted naive (NS) or food allergy
(FAS) serum, or monoclonal IgG; used in the mouse model 10 times ( x 10) or 50 times ( x 50). In panels (C) and (D), OVA and IgG were detected from the serum of two mice
collected 1, 2, 4, 8 after the last challenge with OVA in food allergy model (shown as Aflw, Af2w, Af4w, and Af8W). Applied serum sample was diluted 10 times with PBS, and
monoclonal IgG (mAB) was diluted 50 times. Control OVA was used at a concentration of 10 pug/mL.

In the offspring of mice allergic to food, OVA-specific IgE pro-
duction was completely suppressed and OVA-specific IgG; level
was maintained from the weaning period. Because the mother was
not treated with OVA during mating and pregnancy, “some factors”
were probably not directly referring to OVA proteins, which could
induce oral tolerance, from mother to fetuses or babies. We
detected OVA-specific IgG in the offspring of parents allergic to
food, and maternal IgG with antigens could across the placenta
through FcRn and be transferred into the bloodstream in neo-
nates.>> Therefore, we suspected that the factor causing prevention
of food allergy by OVA-specific IgG came from the mother. This
supposition was consistent with the data of cross-mating among
mice with food allergy or oral tolerance, and naive mice, in which
OVA-specific IgE production was not detected in the offspring of
female mice allergic to food administered OVA/alum.

To confirm the suppression of food allergy by IgG, food allergy
serum containing a large amount of IgG, food allergy serum purified
by passing through protein G column to remove immunoglobulins
(IgE and IgA) other than IgG, and OVA-specific monoclonal IgG; or
IgG,, were administered to naive mice followed by induction of
food allergy. The results indicated that IgG from the serum (mixture
of polyclonal IgG subclasses) inhibited the elevation of IgE signifi-
cantly, but partially. Decrease in the body temperature due to
anaphylaxis was not suppressed by administration of IgG from both
food allergy serum and column-through serum. Allergic diarrhea
was suppressed by administration of the column-through serum.
The reason that food allergy serum, but not column-through serum,
could not suppress diarrhea might be because of the inclusion of
IgE. However, in mice administered the food allergy serum, the

reason for partial suppression of IgE production was unclear. We
believe that complicated immune mechanisms are involved in
immune tolerance to food antigens.

We believe that there may be two possibilities for the inhibition
by IgG, with one being blocking sensitization. OVA-specific IgG
would bind to OVA from alum after the sensitization injection
followed by eliminating OVA in the body. The elimination could
spoil sensitization for OVA and inhibit the elevation of OVA-specific
IgE. However, the results of monoclonal IgG antibody administra-
tion rejected the hypothesis. Administration of a large amount of
OVA-specific monoclonal IgG failed to suppress the production of
OVA-specific IgE. The other possibility was inhibitory signaling via
FcyRIIb on immune cells. In rodents, FcyR is classified into 4 type-
s—FcyRI, FcyRll, FcyRIll, and FcyRIV. Murine FcyRlIa, FcyRllla, and
FcyRIV transmit activation signal via immunoreceptor tyrosine-
based activation motifs (ITAM) in cytoplasmic domain, and
FcyRIIb transmits inhibitory signal via immunoreceptor tyrosine-
based inhibitory motifs (ITIM).>* FcyRIIb negatively regulates cell
activation and proliferation by co-engaging with surface activating
receptors containing ITAM on the same cell.>> Also, blocking
antibody to FcyRIIb enhanced IgE-medicated anaphylaxis in mice.>®

It was reported that the immune complex of IgG; linked FcyRIIb
to block the migration of neutrophils and complement-mediated
inflammation.>” Synergistic effect of plural anti-virus specific IgG
inhibits activation of B cell receptor responses by binding to
FcyRlIIb.>® Additionally, IgG immune complexes suppress IL-1o and
IL-1pB secretion through inhibition of inflammasome activation via
ligation of immune complex to activating FcyRs. The IgG immune
complexes prevent sensitization by OVA/alum and attenuate
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adaptive immune responses inducing IgE production in murine
models.>® The serum collected from mice allergic to food contains a
large amount of polyclonal IgG, and polyclonal IgG would consti-
tute the immune complex with antigen. In our study, the immu-
nosuppression might be associated with the IgG-immune complex.

Maternal multiple antibodies are useful in the neonatal immune
system against infectious diseases.*’ In a study on allergy in rats,
maternal exposure to OVA during pregnancy and lactation atten-
uated OVA-specific IgG production in the next generation of rats.*!
In a murine asthma model, exposure of OVA-aerosol to the mother
during lactation prevented induction of airway hyper-reactivity in
the offspring according to reduction in OVA-specific IgE and IgGq in
the blood.*>** The reports showed that OVA-IgG; immune com-
plexes in the breast milk prevent asthma. We attempted to detect
OVA and IgG in the breast milk of allergic mother; however, we
could not detect them because the amount of sample was too less
(data not shown). Therefore, we detected the OVA-IgG immune
complex in the serum of mother mice collected a week after the
final oral challenge of OVA. We could detect a band of OVA and IgG
of similar size. We believe that the band detected by anti-OVA
antibody is the OVA-IgG immune complex because the size of the
protein detected by anti-mouse IgG was also the same. We
attempted to detect the band of OVA from the sera collected 1, 2, 4,
and 8 weeks after the last challenge with OVA. We presume that
each time is in mating, during pregnancy, in childbirth, and with
lactation. Interestingly, we detected the bands of OVA even in 8
weeks after the challenge. However, we could not detect the bands
of OVA in samples of 4 week-old pups from food allergy- and
oral tolerance-parents. Namely, OVA-IgG immune complex was
comparatively stable in blood; however, we could not confirm
transferring the immune complex from mother to pup clearly. We
speculated that the complex was too small amount to detect in
sample of offspring, or that the complex became unstable in the
transferring process.

Taken together, we investigated that parental food allergy
affected the development of food allergy in the offspring. The
results indicated that maternal food allergy prevented the devel-
opment of food allergy in the offspring by administration of
OVA-specific polyclonal IgG and OVA-IgG immune complex via
placenta or breast milk. We think that the prevention by immune
complex is a system of the natural maternal immunity because the
condition of absent of antigen-specific immunoglobulin in naive
and experimental oral tolerance is unnatural immunity. We
think maternal antigen-IgG immune complex is one of tolerogenic
systems.

We have no idea why antigen-IgG complex from mother pro-
vided a tolerogenic memory for the antigen to pups. More analyses
need to be conducted for elucidating the detailed mechanisms
underlying the suppression. However, the data suggested a possi-
bility of prevention of food allergy by administration of food
antigen specific IgG.
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