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EDITORIAL

The placenta: a portal of fetal allergen exposure

Introduction

The observation of allergen-dependent proliferation by cord
blood mononuclear cells has stimulated many areas of research.
Although the immunological processes that underlie this re-
sponse are characterized poorly, there has been much interest
in elucidating the route of fetal allergen exposure and how
this might be manipulated as a prevention strategy for IgE-
mediated allergic disease. However, an increasing number of
studies indicate an inconsistent relationship between maternal
allergen exposure and either the cord blood response to allergen
or the subsequent development of disease [1-3]. Nevertheless,
such observations do not preclude further study of possible
routes of exposure of the fetus to allergen and their role in the
developing immune response and the offspring’s atopic out-
come, as these might identify alternative therapeutic strategies.
In this issue, the passage of allergen across not only the term
(> 37weeks gestation) but also the preterm placenta in an ex
vivo perfusion model is shown [4]. This offers an opportunity to
review the features of the biology of the materno-fetal interface
that might help us understand the significance of fetal allergen
exposure.

Development of the placenta and placental membranes

The implanting blastocyst has an outer covering of two cell
layers — an inner cytotrophoblast layer and an outer syncytio-
trophoblast layer—surrounding the inner cell mass of the
embryo proper. Invasion of the uterine epithelium by the blas-
tocyst causes erosion of maternal endometrial blood vessels
such that maternal blood bathes the syncytiotrophoblast.
Chorionic villi develop from the trophoblast cell layers as out-
growths of cytotrophoblast covered with syncytiotrophoblast.
Trophoblast cells at the tips of the villi proliferate and infiltrate
the uterine stroma, thereby securing implantation and increas-
ing blood flow within the intervillous space. The chorionic villi
are invaded by embryonic mesodermal cells, which differentiate
into fetal capillaries and permit the circulation of fetal blood
through the villi by 3 weeks post-fertilization.

Until the 8th week of gestation, chorionic villi surround the
developing conceptus. However, as the embryo enlarges, the
villi at the abembryonic pole begin to atrophy, becoming part of
the amniochorionic membrane that lines the amniotic fluid-
filled cavity in which the fetus develops. The remaining villi
continue to increase in number and branch profusely, project-
ing in all directions within the intervillous space [5]. These
chorionic villi and the overlying endometrium (decidua basalis)
constitute the placenta.
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Fetal allergen exposure

Two possible routes of intrauterine allergen transfer have been
postulated: passage of maternally-derived allergen from the
maternal vasculature of the decidua across the amniochorionic
membranes into the amniotic fluid, and across the placenta
from the maternal to the fetal circulation [6]. Of these, trans-
placental transport offers the greater reservoir of antigen,
reflecting the placenta’s primary function in enabling the ex-
change of nutrients and waste materials between the mother
and the fetus. However, from the overview provided above it is
clear that any substances that pass from the maternal circula-
tion to the fetal blood via the placenta must traverse a histo-
logical barrier comprised of trophoblast, fetal endothelial cells
and the intervening stroma.

Mechanisms of trans-placental antigen transport

A wide range of substances can be transferred to the fetus via
the placenta. The trans-placental passage of the common diet-
ary allergens, cow’s milk B-lactoglobulin and hen’s egg ovalbu-
min is described to occur from 26 weeks of gestation using an ex
vivo model of transfer, while transfer of Bet v 1 across the term
placenta is also described [4]. Furthermore, allergen passage
was enhanced in the preterm placenta, and with increasing
dose and decreasing molecular weight (MW) of the allergens.
The question then arises as to how these proteins cross the
placental membranes. As noted by the authors [4], the ability
of a molecule to traverse the placenta is associated with its
molecular weight, lipid solubility, polarity and ionization, as
well as the existence of specific transport mechanisms. Most low
molecular weight substances (< 500 Da) simply diffuse through
placental tissue. However, many other substances, including
amino acids [7], require specific transport mechanisms. Of par-
ticular relevance to the field of allergy is the specific transport of
IgG.

Maternofetal IgG transport begins at about 16 weeks of ges-
tation. From 22 weeks of gestation fetal IgG levels increase
rapidly, reaching maternal serum concentrations by 26 weeks
of gestation, and exceeding those of the mother by birth [§].
However, this relationship is isotype-specific with fetal IgGl
exceeding, I1gG3 and IgG4 equivalent to, and IgG2 levels less
than maternal levels, reflecting the transfer preference of
I1gG1 > 1gG3 > 1gG4 > IgG2. The transfer of maternal 1gG is
essential for survival of the newborn whose endogenous pro-
duction of IgG begins slowly and only attains adult levels by
3 years of age [8]. It is mediated by IgG receptors on cell types
within the placenta.
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IgG must first cross the syncytiotrophoblast that is bathed in
IgG-containing maternal blood. As a true multinucleated syn-
cytium, formed by cell fusion of the underlying cytotropho-
blast, the syncytiotrophoblast lacks lateral membranes and
IgG passage must occur via an apical-basal route. Syncytiotro-
phoblast express IgG-binding proteins such as annexin IT and
placental alkaline phosphatase but these neither bind mono-
meric IgG nor possess the transmembrane/intracellular
domains required for IgG uptake [9]. The neonatal Fc receptor
(FcRn), an MHC Class I-like Fc receptor expressed by syncy-
tiotrophoblast [10], can bind all subtypes of IgG with high
affinity but is unable to bind IgG at the neutral pH of the
intervillous space. Therefore, the proposed model is the uptake
of IgG in the fluid phase by endocytosis within coated pits,
enabling binding to FcRn within vesicles that have the
appropriate pH of 5-6.5. In this way, IgG is delivered to the
basal membrane where it dissociates from the receptor in
response to the neutral pH of the interstitial fluid of the stroma
[10-12].

The underlying cytotrophoblast do not express IgG receptors
and it is the intact cytotrophoblast layer that is postulated to
limit the passage of IgG across the placenta in the first trimester.
The degeneration of this layer as pregnancy progresses com-
bined with the expression of IgG receptors by other cell popu-
lations facilitates the transfer of IgG [9, 11]. Transfer across the
villous stroma is postulated to occur by bulk phase flow, al-
though placental macrophages (Hofbauer cells) within the
stroma express FcyRI (CD64), FcyRII (CD32) and FcyRIII
(CD16) and have a scavenging role in the clearance of immune
complexes [11]. Fetal endothelial cells represent the next barrier
to the passage of IgG to the fetal circulation. A candidate
transport molecule expressed by these cells is FcyRIIb [13].
This receptor can bind immune complexes but has not been
described to bind monomeric IgG. However, expression of
FcyRIIb transcripts increases markedly at 20 weeks of gestation
which is around the time that IgG transfer begins, further
implicating a role for this receptor [14].

Trans-placental allergen transfer

The active transport of maternal IgG offers an ideal vehicle for
allergen carriage to the fetus. The inhalant cat allergen, Feld 1,
has been detected in IgG complex in up to 40% of infant
umbilical cord sera [15], and, previously, Szepfalusi et al. dem-
onstrated that ex vivo trans-placental transport of cow’s milk
B-lactoglobulin was enhanced by the addition of human im-
munoglobulin, and was essential for the transfer of the inhalant
birch pollen allergen, Bet v 1 [16]. These authors now report
trans-placental transfer of free allergen as early as 26 weeks of
gestation (although no data for Bet v 1 transfer across the
preterm placenta are presented) and the rapid elution of en-
dogenous IgG from the perfused placental cotyledon [4]. Thus,
an IgG-independent route of transfer seems to be in operation.
A number of alternative routes are possible and a role for
placental fibrinoids is suggested. Placental fibrinoids occur at
sites of syncytiotrophoblast degeneration, which can be found
in all placentas at all stages of pregnancy, are postulated to play
an important role in materno-fetal interactions and are perme-
able to macromolecules [17]. This is the pathway proposed by

Loibichler et al. to operate in their perfusion model but this
mechanism would not account for the differences in transfer
rate of allergens of different molecular weights.

Further work is needed to clarify whether a paracellular
porous route (as described for ex vivo experiments with horse-
radish peroxidase [18]) or an endocytic mechanism (as demon-
strated for HIV-1 infection [19]) underlies the passage of free
antigen. As allergen-specific IgG will also cross the placenta as
part of the bulk IgG transferred, the impact of this should also
be considered. It is also necessary to reconcile the apparent
universal transfer of Bet v 1 (as well as BLG and OVA) with
the low proportion of responders in cord blood mononuclear
cells proliferation assays at term (5% to Bet v 1 as reported by
this group [20]). Furthermore, allergen exposure does not seem
to be essential for proliferation responses to allergen, as reactiv-
ity occurs when the pregnancy does not overlap with the rele-
vant pollen season [20], and, as already noted maternal allergen
exposure, at least for house dust mite, does not appear to show
any association with responses/disease in the first year of life
[1-3].

Despite these shortcomings it seems that allergen can indeed
cross the placenta, although the details of the mechanism(s)
remain to be elucidated. Moreover, altered placental function
has been observed in asthmatic women [21], and although
it remains unclear if this is disease or treatment associated,
it is feasible that transfer rates (both IgG-dependent and
-independent) across the placenta might differ in women of
differing clinical histories. Also, the relationship between the
level of allergen in the environment and that in the circulation of
pregnant women may differ to that in non-pregnant individ-
uals; high levels of circulating progesterone, and other endo-
crine changes, are associated with an increased respiratory rate
[22], and there are profound changes in maternal haemody-
namics [23]. These might combine to increase the allergen load
in the pregnant compared to the non-pregnant state.

Finally, for immunological priming to occur it is insufficient
for allergen to be merely present in the circulation, it must
access tissue sites where it can be taken up by dendritic cells
for processing and presentation to naive T cells. This does not
occur in the circulation but in the secondary lymphoid organs
(Iymph nodes and spleen) where naive T cells normally reside. It
is however worthy of note that animal studies have revealed that
there is less restricted trafficking of naive T cells during fetal and
neonatal life [24, 25], and, indeed, cord blood T cells show a
different pattern of chemokine receptor expression compared to
the equivalent adult population [26]. The trafficking of naive
T cells to the peripheral tissues is postulated to facilitate the
interaction of tissue-resident immature dendritic cells bearing
tissue antigens with naive T cells for the initiation of peripheral
self-tolerance [24, 25]. In the absence of inflammatory and other
signals that induce maturation of dendritic cells it is probable
that allergen encounter in the fetal period leads to tolerance
rather than immunological priming to allergen, presumed to
have some association with the development of clinical disease.
However, much more information is required about the journey
of allergen not only across but once it has crossed the placenta,
the functional status of the cell types encountered (especially
dendritic and T cells), and the consequences of the transition
from the germ-free to the germ-laden environment at birth on
any response generated during fetal life.
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