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Introduction

Abstract

There is strong evidence from animal models that placental and/or breast
milk-mediated transfer of maternal allergen-specific IgG prevents allergic
immune responses in the progeny. Both human and animal data also point to
IgA as having an important regulatory role. In contrast, little is known about
maternal transfer of IgG and IgA specific for respiratory allergens in humans.
Dermatophagoides pteronyssinus (Der p) is an indoor allergen that is a major cause
of asthma worldwide. We analysed maternal to child Der p-specific 1gG and
IgA transfer in a cohort of 77 paired maternal and child samples. We found
Der p-specific IgG and its IgG1, IgG2 and IgG4 subclasses in all cord blood
samples. Except for IgGl, cord levels were higher in newborns from atopic
mothers (z = 29) compared to non-atopic mothers (z = 48). Der p-specific IgA
was found in all colostrum samples and levels were independent of maternal
atopic status. Notably, anti-Der p IgG was also found in colostrum and levels
were higher in atopic mothers. We believe that our work is a critical first step
in the identification of early factors that may impact asthma development and
should guide the development of clinical studies that assess whether Der p-spe-
cific IgG and IgA protect children from allergy as demonstrated in animal
models.

IgG2 is associated with polysaccharide antigens, and
IgG4 class switching is stimulated by TH2-type cyto-
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Atopic asthma affects millions of children worldwide [1].
Pathogenesis of allergic disease results from complex
interactions between genetic and environmental factors
such as pollution, tobacco and microbial exposure includ-
ing microbiota of the gastrointestinal tract. In most
cases, symptoms of allergic asthma manifest in childhood,
and the immunological changes leading to atopy can
occur very early in life and even during gestation [2].
Thus, identifying early factors that predispose to asthma
development may help to improve primary prevention.
During pregnancy, mothers transfer to the foetus
immunoglobulins (Ig) that recognize antigens to which
she has been exposed [3]. IgG is the main Ig isotype
transferred across the placental barrier [3-5], and its
subclasses are ordered according to their relative serum
levels: IgGl > IgG2 > IgG3 > IgG4. IgGl and IgG3
are generally induced in response to protein antigens,
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kines [6].

After delivery, Ig can be transferred by breastfeeding
as it is the most abundant Ig found in human milk
[7]. Most studies in humans have focused on placental
transfer of IgG or milk transfer of IgA molecules spe-
cific for microbial antigens and have demonstrated their
role in infectious disease prevention [7, 8]. There is also
some evidence from animal models that transferred
maternal Ig could exert a regulatory role in their prog-
eny. Experimental data in rodents indicate that maternal
allergen-specific IgG transferred by placenta and/or
breastfeeding prevents allergic sensitization in the prog-
eny [2, 9-16], and animal and human studies indicate
that IgA can exert an immunoregulatory role [17-20].
In humans, only a few studies have demonstrated the
presence of IgG [21, 22] or IgA [23-26] specific for
food and respiratory antigens in cord blood or breast
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milk, respectively. To date, no study has demonstrated
the transfer of IgG specific for respiratory allergens by
breast milk.

In this study, we investigated whether mothers can
provide to their children antibodies specific for Dermato-
phagoides preronyssinus (Der p), a major allergen in house
dust and one of the most frequently implicated respira-
tory allergens in allergic asthma [27-30]. In particular,
we assessed whether anti-Der p antibodies were detected
in cord blood and/or colostrum and whether maternal
atopic status had any influence on the amount of anti-
body.

Methods

Study design. A total of 77 healthy mothers and their
newborns were selected at Maternidade de Campinas Hos-
pital in Campinas, Sdo Paulo, Brazil, between February
and July 2006. The selection criteria included mothers
giving birth to healthy, full-term and adequate-for-gesta-
tional-age-weight infants. Demographic data and details
about the antenatal care of the mothers were obtained
from their medial records and a directed questionnaire.
The information included maternal age, parity, medica-
tions during pregnancy and atopic status (e.g. atopic rhi-
nitis or asthma) established by a typical clinical history.
Total and Der p-specific IgE were assayed in blood sam-
ples from all mothers. Inclusion criteria for atopic moth-
ers were clinical manifestations of rhinitis, asthma or
atopic dermatitis and anti-Der p IgE concentration
23.5 KU/l (n = 29). A group of non-atopic healthy
mothers (anti-Der p IgE concentration <0.3 KU/l and
absence of atopic symptoms) was included in the study as
a control group (z = 48). Exclusion criteria for enrolment
of all mothers were hypertension, diabetes, infections,
immunodeficiency, and those who had received corticos-
teroids, transfusion of blood-derived products or other
drugs related to chronic diseases during pregnancy. The
study was approved by the University of Sao Paulo Insti-
tute of Biomedical Sciences Ethics Committee in accor-
dance with the Brazilian Ministry of Health Resolution
96/1996 and the Helsinki Declaration.

After mothers signed the
informed consent, cord blood was collected from large

Serum and colostrum samples.

veins on the foetal side of the placenta immediately after
delivery. Maternal peripheral venous blood and colostrum
samples were collected within 48 h after delivery. Approx-
imately 5 ml of colostrum was collected manually and, on
the same day, centrifuged for 30 min at 160 g at 4 °C.
The top layer of fat and the pellet were discarded, and the
intermediate fluid fraction was aliquoted and stored at
—80 °C until analysed. Serum was separated from mater-
nal and cord blood and stored at =80 °C until assayed.
Total and Der p-specific IgE quantification. Total and
anti-Der p IgE antibodies from maternal serum samples
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were analysed by chemiluminescent immunoassay (AD-
®

VIA Centaur

according to manufacturer’s recommendations [31].

and Cap System Pharmacia®, respectively),

In the Cap System Pharmacia® assay, the specific IgE
concentration is expressed in KU/I; values 23.5 KU/1
were considered positive for specific IgE. In the ADVIA
Centaur® assay, total IgE concentration is expressed in
IU/ml, with a detection level of 1.5 IU/ml.

Total 1gA quantification.
colostrum samples by enzyme-linked immunosorbent
assays (ELISA), as described [32] with modifications.
Briefly, colostrum samples were diluted 1:10,000 in
duplicate and incubated for 2 h in anti-human IgA (I-
0884; Sigma, St. Louis, MO, USA) coated plates. As a
standard, we used IgA purified from human colostrums

Total IgA was measured in

(I-2636; Sigma), and as secondary antibody, peroxidase-
conjugated anti-human IgA (A0295; Sigma) diluted
1:6000 (1 h 30 min) was used. Ortho-phenylenediamine
(OPD) was used as the chromogenic substrate, and IgA
concentration was expressed as mg/ml.

Anti-Der p 1gG and 1gA quantification.  Microplates
(Costar, Cambridge, MA, USA) were coated overnight at
4 °C with 5 pg/ml of Der p extract from IPI-ASAAC,
Sdo Paulo, BR, or with Der p extract from Greer Labora-
tories, Lenoir, NC, in phosphate-buffered saline (PBS).
Both Der p preparations gave similar results. Plates were
then saturated with 5% non-fat dry milk in PBS—Tween
0.1% for 1 h at room temperature. Samples and second-
ary antibodies were added as described below and bound
antibodies were revealed by the addition of a solution
containing 0.4 mg/ml OPD and 0.01% H,O, in 0.1 M
phosphate—citrate buffer (pH 5.0). After 30 min of incu-
bation, the reaction was stopped with 50 ul of 2.5 N
H,SOy. Plates were washed with PBS-Tween 0.1%
between each step. Optical absorbance at 492 nm was
measured by a microplate reader (Labsystems Multiskan
MS, Farnborough, Hampshire, UK).

For Ig detection, sample dilution and secondary anti-
bodies were prepared as follows.

Serum anti-Der p I¢gG: Maternal and cord serum were
added in duplicate at a dilution of 1:100 followed by two-
fold serial dilutions and incubated at 37 °C for 2 h. HRP-
conjugated anti-human IgG (A8419; Sigma) at a dilution
of 1:400 was used as secondary antibody and incubated at
37 °C for 2 h. Results were expressed as arbitrary units
(AU)/ml obtained by comparison of optical density (OD)
values of a serum pool (collected from 24 mothers with
anti-Der p IgE concentration 217.5 KU/1) and defined to
contain 1000 AU/ml of anti-Der p IgG.

Serum anti-Der p IgG subclasses: Paired maternal and cord
serum samples were added in duplicate at dilutions of 1:5
(IgG1), 1:2 (IgG2) and 1:2 (IgG4), followed by twofold
serial dilutions, and incubated for 1.5 h on Der p-coated
plates. As secondary antibody, biotinylated anti-human
IgG1 (555869; BD Pharmingen, San Diego, CA, USA),
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IgG2 (555874; BD Pharmingen) and IgG4 (555882; BD
Pharmingen) were used at dilutions of 1:500, 1:1000 and
1:100, respectively, and incubated for 1.5 h. This step was
followed by incubation with streptavidin-HRP (554066;
BD Pharmingen) diluted 1:500, 1:1000 and 1:500, respec-
tively, for 1.5 h. Concentrations were expressed as arbitrary
units (AU/ml) as described previously.

Colostrum anti-Der p IgA: Colostrum samples in dupli-
cate were diluted 1:100 followed by two steps of twofold
serial dilutions and incubated at 37 °C for 2 h on puri-
fied Der p-coated plates. As secondary antibody, we used
peroxidase-conjugated anti-human IgA (A0295; Sigma)
diluted 1:6000 and incubated 1.5 h at 37 °C. The results
were expressed as arbitrary units (AU/ml) obtained by
comparison with a colostrum pool (collected from 24
mothers with anti-Der p IgE concentration 217.5 KU/1)
and defined to contain 1000 AU/ml of colostrum anti-
Der p IgA.

Colostrum anti-Der p IgG: Colostrum anti-Der p IgG
quantification was performed as described for colostrum
anti-Der p IgA with some modifications: colostrum sam-
ples were diluted 1:2 and incubated at 37 °C for 2 h on
purified Der p-coated plates. As secondary antibody, we
used anti-human biotinylated IgG (555785; BD Pharm-
ingen) followed by streptavidin-HRP (554066, BD
Pharmingen), both diluted 1:500 and incubated for 1.5 h
at 37 °C. OPD was used as the chromogenic substrate,
and concentrations were expressed as arbitrary units
(AU/ml) obtained by comparison with a colostrum pool
as described previously.

Statistical analyses. Statistical analyses were performed
using GRAPHPAD PrisM version 5.00 for Windows
(GraphPad Software, San Diego, CA, USA). Dots repre-
sent individual data points, and horizontal lines, the
medians of each group. Mann—Whitney test was used to
determine statistical differences because the D’Agostino—
Pearson normality test was not passed. Kruskal-Wallis
test was performed to compare more than two groups.
When significant differences were found, a Mann—Whit-
ney test was performed to determine which groups dif-
fered. Correlation coefficients of antibody levels in
maternal serum versus colostrum or cord blood were
determined using Spearman’s tests. Two-tailed P-values
<0.05 were considered statistically significant and graphi-
cally represented as *P < 0.05; **P < 0.01; ***P <
0.001; *#*%P < 0.0001.

Results

Characteristics of the study population

The study population was divided into two groups
according to maternal atopic status defined by the pres-
ence of anti-Der p IgE 2 3.5 KU/I and associated allergic
symptoms. The characteristics of the two groups are sum-
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marized in Table 1. Total and anti-Der p IgE concentra-
in blood
significantly higher than non-atopic mothers (Table 1).

tions samples from atopic mothers were
Maternal age, infant weight and height, and male-to-
female ratios were similar between the two groups

(Table 1).

Der p-specific IgG in cord blood and maternal serum

Anti-Der p 1gG was detected in cord blood of all neo-
nates. Anti-Der p IgG concentrations were significantly
higher in cord blood of neonates from atopic mothers
compared to neonates from non-atopic mothers (Fig. 1A
and Table 2). In addition, neonatal anti-Der p I1gG corre-
lated with anti-Der p IgE levels in maternal blood (data
not shown; Spearman » = 0.2, P = 0.006). Similarly to
their children, atopic mothers showed higher concentra-
tion of anti-Der p IgG compared to non-atopic mothers
(Fig. 1A and Table 2), and Der p-specific IgG in maternal
blood correlated with anti-Der p IgE levels (Spearman
r = 0.2, P = 0.009). Anti-Der p 1gG levels in cord blood
correlated strongly with the maternal concentration for
both atopic and non-atopic groups (Fig. 1B). The ratio of
cord blood to maternal blood anti-Der p IgG levels was
not affected by maternal concentration
(Fig. 1C).

antibody

Der p-specific 1gG1, 19G2 and lgG4 in cord blood and
maternal serum

Anti-Der p 1gG2 and IgG4 concentrations were signifi-
cantly higher in cord blood of neonates of atopic mothers
compared to non-atopic mothers (Fig. 2B,C and Table 2),

Table 1 Characteristics of the study population.

Atopic (7 = 28) Non-atopic (# = 48)

Mother
Total IgE (UL/ml)
Der p-specific IgE
(KU/ml)

263.2 (17.3-3910) %k
20.7 (3.4-100)*sk

16.45 (1.5-1543)
<0.35 (<0.35—<0.35)

Age (years) 26.5 (16-40) 26.5 (15-37)
Gestation, %
(number)
1 55 35
2 31 38
3 14 17
>4 0 10
Newborn
Weight (kg) 3.2 (2.3-4.2) 3.3 (2.4-4.5)
Height (cm) 48.6 (45-53) 49.1 (44.5-52.8)
Sex (%)
Male 52 42
Female 48 58

Data represent median values and range (shown in brackets). Results
obtained in atopic and non-atopic groups were compared, and statistical
difference was calculated by Mann—Whitney test.

##kkSratisticaly significant values.

Scandinavian Journal of Immunology © 2011 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 74, 619-627



622 Maternal Transfer of Anti-Der p 1gG and IgA

A
40007 * L
— | | = .. o]
- (o)
% ':- oo e o
< 2000 _ = o °
o "ws" o oot 08’
2 10007 u o g ot
ke = . . c
8 I:l ED ..: 80
O DEDEIDED ° Oo
Q 3
L 5001 ., naggn . ogggo
E T distho ®eo° ° ooog
0 L Ogg” . 8808
Atopic  Non-atopic  Atopic  Non-atopic
Maternal blood Cord blood
10,000 7 B Anti-Der p 19G
= %
S . >
< o @
= 9% wﬁ
T 1000 %
8 °9Q o
e ) Oo O
2 e &
8 ° 6@(;) * e Atopic r = 0.95 ****
° o o Non-atopic r = 0.95 ****
100 T 1
100 1000 10,000
Maternal serum (AU/ml)
1504 C

o
i

I
100 ~ —

a
o

(69-262)  (368-1561) (1640-3585)
Maternal anti-Der p 1IgG (AU/mI)

Cord/maternal serum ratio (%)

Figure 1 Der p-specific IgG concentration in maternal and cord blood.
Der p-specific IgG levels were determined in paired maternal and cord
blood samples. Data are compared according to maternal atopic status
by Mann—Whitney test (A). Der p-specific IgG concentrations obtained
in cord blood are correlated with concentrations in respective maternal
blood by Spearman test (B). Cord/maternal serum ratios of Der p-spe-
cific IgG obtained at low, intermediate and high levels of respective
maternal anti-Der p IgG levels (C).

while the anti-Der p IgG1l concentration was equivalent
in both groups (Fig. 2A and Table 2). Further, cord
blood anti-Der p IgG2 and IgG4, but not IgGl, corre-
lated with maternal anti-Der p IgE concentrations (Spear-
man 7 = 0.2, P =0.03 and » = 0.5, P < 0.0001 for

P. Macchiaverni et al.

IgG2 and IgG4, respectively). As observed in the neo-
nates, maternal blood IgG2 and IgG4 levels were higher
in the serum of atopic mothers compared to non-atopic,
while IgG1 levels were similar in both groups (Fig. 2A—
C), and Der p-specific IgG subclasses in maternal blood
correlated with anti-Der p IgE levels with the exception
of IgG1l (data not shown; Spearman r = 0.2, P = 0.03
and r = 0.5, P < 0.0001 for IgG2 and IgG4, respec-
tively).

Cord blood anti-Der p 1gG1l, IgG2 and IgG4 corre-
lated strongly with respective maternal levels in both
groups (Fig. 2D-F), and the ratio of cord blood to mater-
nal blood antibody levels decreased at high maternal anti-
body concentration (Fig. 2G-I). We also found that the
ratio of cord blood to maternal serum anti-Der p IgGl
was higher than for the other IgG subclasses in both
groups (Table 2).

Der p-specific IgA and IgG in colostrum

Total and anti-Der p IgA were detected in all colostrum
samples without significant differences between atopic
and non-atopic mothers (Fig. 3A). For both groups, a
positive correlation was found between total and anti-Der
p IgA concentrations in colostrum (Fig. 3B). We did not
find any correlation between anti-Der p IgA levels in
colostrum and anti-Der p IgG or IgE levels in maternal
blood, as expected, because most of the IgA found in
colostrum is produced peripherally, in mammary tissue.
In addition to anti-Der p IgA, we found anti-Der p
IgG in all colostrum samples (Fig. 4 and Table 2). Anti-
Der p 1gG concentrations in colostrum were higher in
atopic mothers (Fig. 4A) and correlated with maternal
anti-Der p IgE r = 0.3;
P = 0.002). Colostrum anti-Der p IgG concentrations

concentrations  (Spearman
correlated with maternal blood anti-Der p IgG in the
non-atopic group but not in the atopic group (Fig. 4B).

Discussion

This study demonstrates the presence of Der p-specific
IgG in all cord blood samples as well as Der p-specific
IgA and IgG in all colostrum samples. Others have pre-
viously shown the presence of IgG antibodies specific for
respiratory antigens from birch pollen (Bet v 1), cat (Fel d
1) and Dermatophagoides farinae (Der f 1) in cord blood
samples [22, 33, 34]. In those studies, not all samples
were positive, which probably reflects differences in
immunogenicity of the allergen tested and in the mater-
nal exposure to the allergens. In this case, Der p is an
indoor allergen that is widely distributed in the humid
regions of the world [27-30].

The analysis of IgG subclass concentrations in mater-
nal and cord blood demonstrates that cord blood concen-
trations of anti-Der p IgG, IgGl, 1gG2 and IgG4

© 2011 The Authors
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Table 2 Der p-specific IgG levels in maternal serum and colostrum and neonate umbilical cord serum.

Maternal serum

Umbilical cord serum

Colostrum Cord/maternal serum ratio (%)

Atopic (7 = 29)
Anti-Der p 1gG
Anti-Der p IgG1

1266 (130-3321)
133.5 (10.9-1205)

1121 (84-3704)

Anti-Der p 1gG2 96 (4.8-1344) 65.8 (1.5-1162)

Anti-Der p 1gG4
Non-atopic (7 = 48)
Anti-Der p 1gG
Anti-Der p IgG1

44.6 (0.5-5357) 29.4 (0.0-4498)

656.4 (69-3585)
96.2 (0-405)

606.1 (67-3296)

Anti-Der p 1gG2 37.6 (0.8-1219) 33 (0.6-1393)

Anti-Der p IgG4 4.9 (0.0-42.3) 3.1 (0.0-48.5)

213.1 (36.2-1902)

144.7 (17.6-1366)

352 (17.8-10807) 98.72 (52.5-182.1)
- 177.7 (78.1-462.9) T

kKK

- 89.9 (31.2-189.1)

* kKK

_ 88.7 (0.0-222) 1

115.6 (3.5-1061.2) 94.35 (62.86-187)
- 170.5 (66.5-1398) T

K Kk

- 82.1 (17.39-8441)

kKK

- 87.8 (5.4-1317) 1

—, not performed.

Anti-Der p 1gG levels are expressed in AU/ml. Data represent median values and ranges (shown in bracket). Cord/maternal serum ratios represent the

median of the ratio calculated for each pair of cord/maternal samples. For both atopic and non-atopic group, we compared I1gG1l, IgG2 and IgG4

cord/maternal serum ratio.
#H#4Satistically significant values.

correlated strongly with respective maternal values. We
also found that both maternal serum and cord blood
anti-Der p 1gG, 1gG2 and IgG4 correlated with maternal
IgE levels, and we found higher levels of IgG, IgG2 and
IgG4 in cord blood of neonates from atopic mothers as
compared to non-atopic mothers. Such correlation was
not found for anti-Der p IgGl, and concentrations of
IgG1 were equivalent in both groups. In addition, as pre-
viously described by others [33], we detected anti-Der p
IgG and subclasses in maternal serum and cord blood in
the absence of maternal Der p-specific IgE. In addition to
the presence or absence of atopy, differences in maternal
exposure to Der p could also be responsible for differences
in IgG levels in maternal blood, colostrum and cord
blood. Although we did not measure Der p levels in sub-
jects’ homes, we did not favour this hypothesis because
all subjects live in a region where Der p is found uni-
formly in very high concentration [35].

The source of the Der p-specific IgG found in cord
blood might be of foetal origin as a result of 7n utero sensi-
tization or might be of maternal origin as a result of
maternal transfer across the placenta. Many studies have
reported that allergen-specific IgE detected in cord blood
is synthesized 7z utero and can be a marker of risk of ato-
pic disease development in children [36-38]. However,
this concept was recently challenged by Bonnelykke ez /.
[4, 5]. Comparison of allergen-specific IgE in maternal
and cord blood indicated that specific IgE in cord blood
completely matched specific IgE in maternal blood with
respect to allergen specificity, level of specific IgE and
ratio of total IgE to specific IgE. In addition, correspond-

© 2011 The Authors

ing specific IgE was not found in infant blood at
6 months of age. These observations let the authors con-
clude that the presence of cord blood IgE was, in the
majority of cases, a result of maternal transfer. Our results
showed a strong correlation between cord blood anti-Der p
IgG, IgGl, 1gG2 and IgG4 and respective maternal lev-
els. Although we do not have data on IgG levels in chil-
dren at 6 months of age, our data suggest a maternal
transfer of anti-Der p IgG subclasses across placenta.

In addition, the decreased ratio of cord blood to
maternal levels of these antibodies at high maternal con-
centrations suggests a saturable receptor-mediated trans-
fer. Notably, the syncytiotrophoblast expresses a neonatal
Fc receptor (FcRn) that is essential for IgG transfer [3,
39] and is saturable [40]. This receptor has a higher affin-
ity for IgGl, compared to other IgG subclasses, which
may explain the more efficient in wutero transfer of Der p-
specific IgG1, compared to other subclasses [3], as also
shown here.

Several studies in rodents have reported that maternal
allergen-specific IgG inhibits allergic responses in the off-
spring [2, 9-16]. Proposed mechanisms of protection by
maternal IgG include the following: (1) IgG binding to
allergen, leading to allergenic determinant masking and
clearance of the immune complexes by phagocytosis, (2)
IgG blockade of IgE binding to allergen and hence inhi-
bition of mast cell degranulation and (3) interactions
with inhibitory receptor FcyRIIb on neonatal B lympho-
cytes or dendritic cells [2, 41]. More recently, protection
from allergic airway disease by antigen transfer through
breast milk was shown to be more stronger and of longer

Scandinavian Journal of Immunology © 2011 Blackwell Publishing Ltd. Scandinavian Journal of Immunology 74, 619-627
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Figure 2 Der p-specific IgG1, IgG2 and IgG4 concentrations in maternal and cord blood. Specific IgG1, IgG2 and I1gG4 levels were determined in

paired maternal and cord blood samples. Data are compared according to maternal atopic status by Mann—Whitney test (A—C). Der p-specific 1gG1,

IgG2 and IgG4 concentrations obtained in cord blood are correlated with concentrations in respective maternal blood by Spearman test (D-F).
Cord/maternal serum ratios of Der p-specific IgG1, IgG2 and IgG4 obtained at low, intermediate and high levels of respective maternal anti-Der p

IgG subclasses (G-I).

duration when maternal allergen-specific IgG is present
in breast milk. The authors attributed the increased pro-
tection to the formation of allergen—IgG immune com-
plexes that are easily transferred across the neonatal gut
barrier compared to uncomplexed antigen and display
tolerogenic properties [42].

Human studies also suggest an immunoregulatory role
for in utero transfer of maternal IgG. A study by Glovsky
et al. [43] analysed the effect of specific immunotherapy
during pregnancy on allergic sensitization in children.
Their data suggested that blocking antibodies induced by
immunotherapy were transferred across the placenta and
were responsible for decreased allergic sensitization in
their children. Jenmalm and Bjorkstén [21] found that
high concentration of IgG directed to inhaled allergens
in cord blood was associated with reduced atopy in chil-
dren. Another study showed a transient protective effect
of placental transfer of maternal antibodies on allergic

immune response [22]. The current study demonstrated a
higher concentration of specific IgG4 and, to a lesser
extent, of IgG2 in cord blood of neonates from atopic
mothers compared to non-atopic mothers. Although we
cannot conclude that these IgG subclasses exert an
immunoregulatory role, a protective effect has previously
been reported for IgG4 [44-46].

After delivery, breastfeeding maintains a strong inter-
action between the mother and her infant and in particu-
lar allows the continued transfer of maternal Ig. Secretory
IgA is the predominant class of Ig found in human breast
milk. This class of non-inflammatory Ig inhibits micro-
bial colonization through decreased adherence of bacteria
and viruses to mucosal surfaces and thereby protects
against gut and respiratory infections in breastfed chil-
dren [7].

immune exclusion of dietary antigens by favouring degra-

IgA can also trap food antigens, leading to
dation by pancreatic enzymes [47]. In addition to
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Figure 3 Total and Der p-specific IgA concentration in colostrum of
atopic and non-atopic mothers. Total and Der p-specific IgA levels were
determined in colostrum samples. Data are compared according to
maternal atopic status by Mann—Whitney test. Total IgA concentration
is expressed in mg/ml (right Y-axis), and anti-Der p IgA concentration
is expressed in AU/ml (left Y-axis) (A). Der p-specific IgA concentra-
tions are correlated with total IgA concentrations by Spearman test (B).

immune exclusion, IgA can exert immunoregulatory
effects [17-20]. The epidemiological evidence of food
allergy prevention by IgA [48-51] might be explained
by these two mechanisms. As the majority of inhaled
antigens reach the gut [52], the presence of milk-borne
Der p-specific IgA may then protect the newborn from
respiratory allergens as proposed for food allergens. Nota-
bly, we found anti-Der p IgA in all colostrum samples
tested. The range of values was broad, and we did not
observe significant differences in antibody concentrations
between atopic and non-atopic mothers. One previous
study assessed the presence of IgA to cat allergen in
human breast milk from atopic and non-atopic mothers.
This study also found a similar concentration of IgA in
both groups [26]. The absence of an effect of atopy on
IgA levels could be explained by the fact that IgA class
switching depends mainly on the presence of TGF-f§
[53]. In fact, we found similar levels of TGF-f in colos-
trum of atopic and non-atopic mothers, and we observed
that both total IgA and Der p-specific IgA levels corre-
lated with TGF-f levels in colostrum (Figure S1).

In addition to IgA specific for respiratory allergen, our
study demonstrated, for the first time, the presence of
Der p-specific IgG in colostrum. Der p-specific IgG con-
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Figure 4 Der p-specific IgG concentration in colostrum. Der p-specific
IgG levels were determined in colostrum samples. Data are compared
according to maternal atopic status by Mann—Whitney test (A). Concen-
trations obtained in colostrum are correlated with concentrations in
respective maternal serum by Spearman test (B).

centrations were higher in colostrum from atopic mothers
compared to non-atopic mothers, and colostrum levels
correlated with maternal IgE serum levels. It is worth
noting that colostrum Der p-specific IgG concentration
correlated with maternal serum IgG levels in the non-
atopic but not in the atopic group. IgG in colostrum
could come from maternal serum, as supported by the
observation that intravenous administration of Ig to
immunodeficient mothers results in the presence of Ig in
breast milk [54]. In addition, IgG maybe synthesized
locally in the mammary gland. The latter mechanism
may operate in the atopic group because there was no
correlation between maternal serum and colostrum Der p-
specific IgG levels in that group. Studies in rodents sug-
gest that, as in the placenta, FcRn can be involved in
IgG transfer across mammary gland epithelium [55].
Notably, in contrast to IgA that stays in the gut lumen,
anti-Der p IgG can then be transferred to the neonate by
FcRn expressed in the human proximal intestine [39,
56]. This continuous supply of IgG after delivery may be
sufficient to maintain systemic levels in the neonate and
allow protection from asthma when in utero-transferred
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antibodies have been degraded. In support of this
hypothesis, a meta-analysis of prospective studies and a
multidisciplinary review of studies performed between
1966 and 2000 concluded that breastfeeding protection
from asthma was higher in the subgroup of children with
a positive family history of asthma or atopy compared
with children with no parental history of atopy [57, 58].
In the light of experimental data obtained in animal
models, our work suggests that the higher concentration
of Der p-specific IgG in colostrum from atopic mothers
may contribute to the better protection afforded upon
breastfeeding by atopic mothers.

Conclusions

Our study indicates that Der p-specific IgG can be found
in both cord blood and colostrum and identifies maternal
atopy as a critical factor for increased levels of allergen-
specific IgG in these compartments. In addition, Der p-
specific IgA is present in colostrum. Clinical studies will
be necessary to assess whether Der p-specific IgG and IgA
protect the child from allergy as demonstrated in animal
studies. In view of the increasing evidence from animal
models and importance of neonatal prevention of allergy,
this study would be a timely and necessary way to eluci-
date the role of allergen-specific Ig in early life and its
effect on allergy development.
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