
INTRODUCTION

There has been a dramatic increase in the prevalence of allergic
diseases during the last decades. Genetic influence is of impor-
tance in atopic diseases [reviewed in 1], but the enhanced allergy
prevalence has occurred over a very short period of time, which
is indicative of a crucial role for environmental factors [2–4].
There is most probably an intricate interplay between genetic and
environmental factors, which together play a role for atopy devel-
opment and disease progression. Atopic symptoms usually appear
very early in life. This implies that the neonate, or even the 
fetus, is subjected to maternal influence which could promote
atopic disease. The impact of maternal influence on the fetus in
utero was described recently in a mouse model [5], and several
reports from human studies also support this. First, it has been
reported that there is an increased risk of atopy development in
children with atopic mothers compared to those of atopic fathers

[6,7], a finding which could be explained by both genetic and 
environmental factors. Further, the detection of elevated IgE
levels in cord blood could indicate in utero sensitization [8,9].
Finally, allergen-specific reactivity at birth to a range of common
allergens, both dietary and inhalant allergens, has been observed
[10–12].

The placenta acts as a continuous barrier between the mother
and the fetus and is capable of inhibiting maternal immune
responses against the fetus. The fetal part of the placenta consists
principally of the two membranes, amnion and chorion, the
umbilical cord and the chorionic villi with the covering tro-
phoblast. The maternal part consists of the decidua and the inter-
villous space. The immune system is altered during pregnancy and
a Th2 environment in utero has been suggested to be important
for a successful pregnancy [13,14], although this is controversial
[15,16]. In the placenta there is a local production of IL-4 and IL-
10 [17,18]. Additionally, progesterone and prostaglandins, which
are both detected at the placental level, contribute to the Th2
dominance [19,20]. Prostaglandin E2 has also been shown to 
synergize with IL-4 to induce IgE class switching [21,22]. IL-4 is
known to induce germ-line (GL) IgE heavy chain transcription in
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SUMMARY

The prevalence of atopic diseases in children has increased during the last decades. Atopic symptoms
usually appear early in life. This implies an early priming for atopic disease, possibly even at the fetal
level. We therefore compared the presence and production of IgE in the local in utero environment
during pregnancy in atopic and non-atopic women. Eighty-six women were included in the study. Fifty
women were demonstrated to be atopics, based on clinical symptoms of atopic disease together with a
positive Phadiatop and/or skin prick test. Placentas from these term pregnancies were obtained. Slices
covering the full thickness of the placenta were cut clockwise around the umbilical cord and were
analysed with immunohistochemistry. Surprisingly, numerous IgE+ cells, located primarily in the fetal
villous stroma, were detected in a majority of the investigated placentas irrespective of the atopy of the
mother or maternal or fetal total serum IgE levels. The placental IgE could not be demonstrated to be
bound to IgE receptors, but was shown to be bound to fetal macrophages, possibly via Fcg RI. No evi-
dence was found for local fetal IgE production, although cells producing epsilon transcripts were occa-
sionally detected in the decidua. We describe here the novel finding of numerous IgE+ cells in the human
placenta, suggesting an hitherto unknown role for IgE in a successful pregnancy outcome, irrespective
of whether or not the mother is atopic.
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both adult [23] and fetal [24] human B cells. The exact role of GL
transcripts in the regulation of Ig class switching has not been elu-
cidated but several findings suggest that GL mRNA is necessary
for subsequent Ig class switch [reviewed in 25].

As a Th2 dominance in utero also would provide a milieu that
promotes atopic allergy [12], we were interested in investigating
whether or not the local environment in the placenta differs
between atopic and non-atopic mothers with respect to IgE
expression. Here, we investigated the presence of IgE+ and IgE-
receptor+ cells in the placenta as well as local IgE production.

MATERIALS AND METHODS

Subjects
Eighty-six pregnant women (median age 32; range 22–44 years)
were recruited from the maternal ward or directly from the deliv-
ery unit in the Stockholm area. Maternal venous blood was
obtained when mothers arrived at the delivery unit. Cord blood
was collected immediately after birth. Sera were obtained by 
centrifugation and stored at –20°C until further analysis. The
study was approved by the Ethics Committees of the Karolinska
Hospital and Söder’s Hospital, Stockholm, Sweden. All mothers
gave their informed consent to the study.

Analysis of IgE in serum
Maternal blood samples were analysed for total serum IgE levels
(Pharmacia CAP System IgE FEIA; Pharmacia Diagnostics AB,
Uppsala, Sweden). The detection limit was >2 kU/l, and values
below this level were set to 2 kU/l for the evaluations and statis-
tical analysis. Values above 122 kU/l are considered as elevated.
Total IgE levels in cord blood serum were measured by an ultra-
sensitive CAP-FEIA3 (detection limit 0·1 kU/l), modified by an
extended standard curve but otherwise in accordance with the
recommendations of the manufacturer (Pharmacia Diagnostics
AB). Allergen-specific IgE against 11 common inhalant allergens
was analysed in maternal and cord blood samples with Phadiatop
(Pharmacia CAP System RAST FEIA; Pharmacia Diagnostics
AB).

Skin prick test
Skin prick test (SPT) was performed on the mothers according 
to the manufacturer’s instructions using a panel of represen-
tative inhalation allergens (cat, dog, horse, rabbit, birch, timothy 
grass, mugwort, Dermatophagoides pteronyssinus, D. farinae, Cla-
dosporium herbarum and Alternaria). Histamine (10 mg/ml)
served as a positive reference and the allergen diluent was used
as the negative control. The allergen (Soluprick, 10 HEP, ALK,
Copenhagen, Denmark) SPT was regarded as positive if the 
weal reaction was greater than or equal to 3 mm in diameter after
15 min.

Processing and immunohistochemical staining of 
placental tissue
Placentas from term pregnancies (18 elective caesarian sections
and 68 normal vaginal deliveries) were collected. Placental tissue
was taken immediately after delivery or kept refrigerated (at 4°C)
until use (up to 48 h). The longer storage time did not influence
placental histology or morphology (data not shown). Three to
four placental slices were cut clockwise around and close to the
umbilical cord in each placenta. Each one included the whole pla-
cental tissue, from the fetal membranes to the decidua. A segment

of the umbilical cord was cut 15 cm from each placenta. Slices
were fixed in formalin and paraffin embedded or frozen on dry
ice and stored at –70°C until further analysis. Of the frozen mate-
rial, acetone-fixed, 7 mm thick, cryostat sections were used for
routine haematoxylin and eosin staining and for ABC-ELITE
(Vector Laboratories Inc. Burlingame, CA, USA) immunohisto-
chemical staining. To block endogenous peroxidase activity, 
sections were treated with 0·3% H2O2. Sections were then in-
cubated with normal rabbit serum (dilution 1/10) followed by an
avidin–biotin blocking step (Vector Laboratories Inc.). Thereafter
the sections were incubated for 30 min with the following primary
mouse IgG1 MoAbs diluted in 4% bovine serum albumin in PBS:
5 different anti-IgE MoAbs (clone B3102E8, Southern Biotech-
nology Associates Inc. Burlingame, CA, USA, dilution 1/50; clone
CIA-E-7·12, Dako, Glostrup, Denmark, dilution 1/10; clone
CGM9 (26), a kind gift from Dr CGM Magnusson, Unit of 
Clinical Immunology and Allergy, Department of Medicine,
Karolinska Hospital, dilution 1/20; clones 16 and 35, kindly 
provided by Pharmacia Diagnostics AB, dilutions 1/16 and 1/13,
respectively), anti-FceRIa (clone 3G6, Upstate Biotechnology,
Lake Placid, NY, USA, dilution 1/1000), anti-CD23 (FceRII)
(clone MHM6, Dako, dilution 1/5), anti-CD38 (clone AT13/5,
Dako, dilution 1/40), anti-CD64 (FcgRI) (clone 10·1, Dako, 
dilution 1/80) followed by incubation with a biotin-labelled 
horse-antimouse secondary antibody (Vector Laboratories Inc.).
The sections were then allowed to react with a preformed
avidin–biotin–enzyme complex (ABC-ELITE reagent, Vector
Laboratories Inc.) for an additional 30 min. The staining was
developed by incubating the sections with three-amino-9-ethyl-
carbazole (AEC) substrate for 15 min. Sections were counter-
stained with Mayer’s haematoxylin. Staining was not observed
when an irrelevant isotype-matched mouse IgG1 negative control
(Dako) was used, nor when the primary antibody was omitted.
As positive controls for the stainings, IgE-producing SKO cells
(27) and biopsy specimens from lesional skin of atopic dermatitis
patients were used.

Mast cells in the placenta were visualized on sections from
formalin-fixed material with toluidine blue, which stains the 
granules of the mast cells red/violet-metachromatic.

Elution of tissue-bound IgE
To elute tissue-bound IgE, cryostat sections were treated with
glycine hydrochloride buffer (0·05 M glycine, 0·085 M NaCl, 
0·005 M KCl, 0·01 M ethylenediamine tetra-acetic acid, pH 2·5
[28]); or PBS for 30 min on ice and then washed twice. Sections
were thereafter stained for IgE and FceRI as described above.

Evaluation of the immunohistochemical stainings
One section from two different areas of each placenta was stained
for each antibody and examined under coded conditions. The
evaluated sections spanned the whole placental tissue, from the
fetal membranes to the decidual plate. A semiquantitative scale
(+ = few positive cells, + + = moderate, and + + + = many positive
cells) was used for the evaluation of the IgE staining.

Double immunofluorescence staining
Double immunofluorescence staining was performed on placen-
tal tissue from four women, two atopics and two non-atopics,
selected on the basis of having extensive expression of IgE in the
placenta. Frozen, acetone-fixed 7 mm-thick sections were blocked
with normal goat serum (dilution 1/10) and incubated with mouse
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MoAbs anti-IgE (clone B3102E8, Southern Biotechnology
Assoc., dilution 1/50) or anti-CD38 (clone AT13/5, Dako, dilution
1/40) for 30 min, followed by incubation with a rhodamine 
red-X conjugated donkey-antimouse secondary antibody (dilu-
tion 1/150, Jackson Immunoresearch Laboratories Inc., West
Grove, PA, USA) for a further 30 min. The sections were 
then subjected to a secondary blocking step with normal mouse
serum (dilution 1/100) followed by incubation with either FITC-
conjugated mouse MoAb anti-HLA-DR (clone L243, Becton
Dickinson, dilution 1/50) to visualize IgE+HLA-DR+ cells, or
biotin-labelled mouse MoAb anti-IgE MoAb (clone B3102E8,
Southern Biotechnology Assoc., dilution 1/100) followed by incu-
bation with FITC-conjugated streptavidin (Dako, dilution 1/50)
to detect CD38+IgE+ cells. The sections were mounted with glyc-
erol in PBS containing p-phenylenediamine to reduce the fading
of staining during microscopy. This double-staining technique
enabled the identification of IgE+HLA-DR+ or CD38+IgE+ cells
in the same section when the slides were analysed in a confocal
laser scanning microscope (CLSM; Leica Instruments, Heidel-
berg, Germany) with separate settings for excitation and detec-
tion of the two fluorochromes. Staining was not observed in
controls without the primary antibodies. The numbers of double
positive cells were evaluated and compared with those observed
in sections stained only for IgE, CD38 or HLA-DR. As a positive
control for CD38+ IgE+ cells, the IgE producing SKO cell line was
used.

In situ hybridization
Two different oligonucleotide probes were used as antisense
probes. The probe detecting GL sterile epsilon transcripts was
complementary to bases 650–663 (GenBank Accession no.
X56797) of the IgE switch region and to bases 98–122 (GenBank
Accession no. L00022 J00227 V00555) of the epsilon C-region.
The probe detecting mature epsilon transcripts was complemen-
tary to bases 291–309 (GenBank Accession no. M99372) of the J
segment and to bases 98–122 (GenBank Accession no. L00022
J00227 V00555) of the epsilon C-region. The sense probe (A3

adenosine receptor, GenBank Accession no. S65334) has been
described elsewhere [29]. The probes were synthesized and
desalted by Life Technologies (Sweden). They were labelled 
subsequently with [35S]-dATP (Amersham Pharmacia Biotech
Uppsala, Sweden) at the 3¢ end, using terminal deoxynucleotidyl
transferase (Amersham Pharmacia Biotech) and purified on a
NICK column (Amersham Pharmacia Biotech). Duplicates of
five placental tissue specimens (three from atopic and two from
non-atopic mothers) selected on the basis of having many IgE+

cells in the chorionic villi region were processed for in situ

hybridization. Frozen tissue specimens were cut to 14 mm sections
in a cryostat and stored at –20°C. As a positive control for sterile
and mature epsilon transcript signals, IgE-producing SKO cells
were used [25]. In situ hybridization was performed as described
[30]. Dipping in Kodak NTB2 autoradiographic emulsion
(Eastman Kodak Co., Rochester, NY, USA) was followed by a
5–6-week exposure (2-week exposure for SKO cells). The devel-
oped sections and cells were mounted with PBS/glycerine and
evaluated with both light and dark field microscopy (Leica Instru-
ments). The presence of an underlying cell was confirmed by a
counterstain with haematoxylin.

Statistical analysis
The Mann–Whitney U-test was used to compare differences
between the atopic and non-atopic groups. The difference was
considered significant when P < 0·05. To evaluate the relationship
between observed parameters, correlations were computed using
the Spearman rank-order correlation coefficient (rs).

RESULTS

Analysis of total IgE levels in adult and cord blood serum
Fifty of the 86 women were diagnosed as atopics based on clini-
cal symptoms of atopy together with positive Phadiatop (n = 40)
and/or positive SPT (n = 45) (Table 1). There were no differences
between the two groups regarding maternal age at delivery, 
mode of delivery, placental weight or birth weight of the baby.
Children of non-atopic mothers had more siblings than children
of atopic mothers (P < 0·0001) and the atopic mothers gave 
birth to more boys (56%) than non-atopic mothers (42%), as 
has been described previously [31] (Table 1). There was a statis-
tically significant difference in total serum IgE levels between
atopic and non-atopic mothers, P < 0·05 (Table 2). The children
with atopic mothers did not show elevated cord blood IgE levels
compared to the children with non-atopic mothers (Table 2),
although maternal and cord blood IgE levels correlated, rs = 0·4,
P < 0·001.

IgE+ cells are present in the placenta and umbilical cord
irrespective of maternal atopy
Cryostat sections from 86 placentas (50 from atopic and 36 from
non-atopic mothers) and from 17 umbilical cords (randomly
chosen, eight from the atopic and nine from the non-atopic group)
were subjected to immunohistochemistry. The haematoxylin and
eosin stained slides showed that the morphology was well pre-
served. The reproducibility between different slices of the same
placenta was good.

Table 1. Demographic data of atopic and non-atopic mothers

Cases Maternal age at Mode of delivery Placental weight Birth weight Boy/girl Siblings
Group* (n) delivery (years) (vaginal/caesarian) (g) (g) (n) (n)

Atopic 50 31 (22–44)† 42/8 597 (300–941)† 3590 (2495–4800)2 28/22 1 (0–3)†
Non-atopic 36 33 (23–44) 26/10 620 (468–1030) 3587 (2750–4630) 15/21 2 (1–4)

*The diagnosis of atopy was based on positive Phadiatop (Pharmacia CAP System RAST FEIA; Pharmacia Diagnostics AB) and/or positive skin
prick test. All women in the atopic group had clinical manifestations of atopic disease (rhinoconjunctivitis, asthma or atopic eczema). None of the 37
women in the non-atopic group had symptoms of atopic disease. †Median (range).
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Frequent IgE+ macrophage-like cells were seen all over the
mesenchymal part of the chorionic villi, indicating a fetal origin
of the IgE+ cells (Fig. 1a,b). Occasional IgE+ cells were also found
in the decidua as well as in the intervillous space (not shown).
Sparse, scattered IgE+ cells (Fig. 1c) were also observed in the
vessel walls as well as in the mesenchyme of the cord. IgE+ cells
were detected in all 86 placentas but differed in amount. Inter-
estingly, no statistically significant difference (P = 0·7) between
the atopic and non-atopic groups (Table 3) was found. There was
no correlation between the amount of IgE+ cells in the placenta
and any of the studied parameters in Table 1 or total serum IgE
levels. The presence of IgE+ cells in the placenta was verified using

five different MoAbs against IgE, all giving similar staining pat-
terns, while no staining was observed with an isotype matched
negative control (Fig. 1d).

IgE is not expressed on mast cells but on placental
macrophages
We then stained formalin-fixed placental tissue sections from 12
women (six atopic and six non-atopic) with toluidine blue, in
order to see whether the IgE we detected in the placenta might
be bound to mast cells. Scattered mast cells were identified in the
villous stroma, identified by their red-to-violet granules (Fig. 1e).
In contrast to the IgE+ cells, the mast cells were rather sparse.
Accordingly, mast cell-bound IgE could not be responsible for a
majority of the IgE detected in the placenta.

The morphology and location of the IgE+ cells present in the
chorionic villi indicated that they were macrophages. To test this
we performed double stainings for HLA-DR and IgE. The IgE+

cells detected were HLA-DR+ (Fig. 2a–c). In addition, the HLA-
DR+ cells were also found to be CD14+ (data not shown), which
further shows that the IgE+ cells were of macrophagic origin.

Role of IgE receptors in sequestering IgE in the placenta
To investigate whether the IgE+ cells in the placenta reflected IgE
bound to IgE receptors on cells other than mast cells, we stained
for the presence of the high and low affinity receptors, FceRIa
and CD23 (FceRII). In order to detect the FceRI with our MoAb
(clone 3G6), which recognizes only free receptors, we eluted
tissue-bound IgE from the sections with glycine hydrochloride
[28]. The sections were then subjected to immunohistochemistry

a b c d

e f g

Table 2. IgE levels

Group

Sample Atopic Non-atopic P-value

Serum IgE* 18 (2–530)† 13 (2–94)†
Mother (n = 50) (n = 36) < 0·05
Serum IgE* 0·2 (0·1–1·8)† 0·1 (0·1–1·8)†
Cord blood (n = 50) (n = 36) n.s.‡

*Sera from 50 atopic and 36 non-atopic women and their neonates
were analysed for total IgE as described in Materials and methods. Values
are expressed as kU/l. †Median (range). ‡Non-significant.

Fig. 1. Detection of IgE+ cells, mast cells and CD38+ cells in the placenta. Acetone-fixed cryostat sections of frozen placental tissue (a–b,
d, f–g) and umbilical cord (c) were stained with the ABC ELITE method, with anti-IgE MoAb (clone B3102E8, Southern Biotechnology
Assoc.) (a–c) or anti-CD38 MoAb (clone AT13/5, Dako) (f-g) or an isotype matched control MoAb (Dako) (d). A counterstain was per-
formed with Mayer’s haematoxylin. Positive cells are seen as brown/red. For the detection of mast cells (e), sections from formalin fixed
biopsies were stained with toluidine blue. (a–b) IgE+ cells in the fetal part of the placenta in the chorionic villi mesenchyme. There was no
difference in placental IgE expression between atopic (a) and non-atopic (b) mothers. (c) An IgE+ cell in a umbilical cord section from an
atopic mother. (e) A single mast cell (indicated by arrow) present in the chorionic villi region. (f–g) CD38+ cells present in the villous part
of the placenta, both as scattered cells (f) and present in fetal vessels (g). Magnification ¥600.
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as described in Materials and methods. The low pH treatment 
successfully eluted the IgE antibodies from the tissue sections
(compare Fig. 3a,b). However, we could not detect any expres-
sion of FceRI+ cells, either before (Fig. 3c) or after (Fig. 3d) the
treatment. To ascertain that the negative staining for FceRI in the
placenta was not due to destruction of the receptor by the low pH
treatment, we subjected skin biopsies from atopic dermatitis
patients, positive for IgE and FceRI, to the same treatment (Fig.
3e–h). Here, strong staining with the FceRI antibody could be
observed in the low pH treated sections (Fig. 3h), showing that

this treatment did not make it impossible to stain for the recep-
tor. This implies that the IgE detected in the placenta is not bound
to FceRI.

Scattered round cells positive for the low affinity IgE recep-
tor, CD23, were detected in the maternal part of the placental sec-
tions (data not shown). However, the location and morphology of
the CD23+ cells did not correlate with the IgE+ cells, indicating
that this receptor does not bind IgE to a major extent in the pla-
centa. In contrast, the distribution of FcgRI present on the pla-
cental macrophages correlated very clearly with that of the IgE+

cells (Fig. 3i–j).

Local IgE production in placenta
To trace the origin of the IgE detected in the placenta, sections
from 12 women (six atopic and six non-atopic) were stained 
for plasma cells (CD38+). CD38+ cells were present in placenta,
although at low frequency. The cells were scattered throughout
the villous stroma and located in fetal vessels inside the villi (Fig.
1f,g) but also present in the maternal part of the placenta. This
indicates that antibody production may occur locally in the pla-
centa, making it possible that the IgE detected is produced by the
fetus.

To determine whether the placental plasma cells were IgE+,
double immunofluorescence stainings with anti-CD38 and anti-
IgE antibodies were performed, and the results analysed with
CLSM. No CD38 and IgE double-positive cells were detected
(data not shown), indicating that the IgE detected in the placenta
is produced elsewhere.

To further investigate the possibility of placental IgE produc-
tion, we performed in situ hybridization in order to detect epsilon
transcripts, as an indication of local IgE production. As shown in

Table 3. IgE scores and number of mature e transcript producing cells
in placental biopsies

IgE+ cells*
e transcript+

Group + + + + + + cells‡ (n)

Atopic 7† 19† 24† 5§
Non-atopic 5† 16† 15† 6§

*A semiquantitative scale (+ = few positive cells, + + = moderate, and
+ + + = many positive cells) was used for the evaluation of the IgE stain-
ing with immunohistochemistry. †Number of placentae within each group.
‡Cells producing mature e transcripts as analysed with in situ hybridiza-
tion. §Values are expressed as a median number of positive cells detected
in the maternal part of the placenta (duplicate sections from biopsies of 3
atopic and 2 non-atopic mothers, selected on the basis of having many IgE+

cells in the chorionic villi region) with the antisense probe. Positive cells
detected with the sense probe are subtracted.

Fig. 2. IgE+ cells in the placenta are HLA-DR+. Acetone-fixed cryostat sections of frozen placental biopsies were double-stained with a
FITC conjugated anti-HLA-DR MoAb (clone L243, Becton Dickinson) and an unconjugated anti-IgE MoAb (clone B3102E8, Southern
Biotechnology Assoc.) revealed by a rhodamine Red-X conjugated secondary antibody. The sections were mounted with glycerol in PBS
containing p-phenylenediamine to reduce the fading of staining during microscopy and analysed with a CSLM (Leica Instruments). (a–c)
The double-staining of a placental section from an atopic mother shows HLA-DR+ (a), IgE+ (b) and HLA-DR+ IgE+ (c) cells in the villous
part of the placenta. Magnification ¥500.

Fig. 3. Expression of IgE and IgG receptors in the placenta. In order to detect FceRI in the placenta, tissue-bound IgE was eluted from
the sections by low pH treatment. As control tissue, sections from a biopsy from lesional skin from an atopic dermatitis patient were used.
Acetone-fixed cryostat sections were then stained for IgE (clone B3102E8, Southern Biotechnology Assoc.) and FceRI (clone 3G6, Upstate
Biotechnology) before and after IgE elution, as described in Materials and methods. Staining of placental (a) and skin (e) sections for IgE+

cells on slides treated with PBS. The low pH treatment readily elutes IgE from both placenta (b) and skin (f). Staining for the FceRI before
low pH treatment reveals staining of FceRI in skin (g) but not in placenta (c). Staining following IgE elution reveals no FceRI+ cells in pla-
centa (d) but strong FceRI staining in skin (h), magnification ¥150. To compare the expression of IgE and FcgRI, acetone-fixed cryostat
sections of frozen placental tissue were stained either with anti-IgE (clone B3102E8, Southern Biotechnology Assoc.) or with anti-CD64
mAb (clone 10·1, Dako) with the ABC ELITE method as described in Materials and methods. (i–j) Consecutive sections of the same slice
stained with anti-IgE (i) and anti-CD64 (j). Magnification ¥600.



IgE in the human placenta 279

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:274–282

a b c d

hgf

i j

e



280 E. Sverremark Ekström et al.

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:274–282

Table 3, placentas both from atopic and non-atopic women exhib-
ited sparse scattered cells containing mature epsilon transcripts.
However, these cells were located primarily in the decidua and in
the intervillous space, outside the chorionic villi region, indicat-
ing a maternal origin of these cells. The same was true for GL
epsilon transcripts (data not shown).

DISCUSSION

We present the novel finding of frequent IgE+ cells in the human
placenta, irrespective of maternal atopy. IgE+ cells were dis-
tributed primarily in the villous stroma and in the umbilical cord
mesenchyme. The presence of IgE+ cells was verified using five
different MoAbs giving similar staining patterns. The placental
IgE was expressed on macrophage-like, HLA-DR+ cells and had
an identical staining pattern to FcgRI. In addition, the similar
expression of CD14 and HLA-DR on these cells indicates further
that the IgE+ cells are placental macrophages (our unpublished
observations). The placenta-specific tissue macrophages express
several known Fcg-receptors, the neonatal Fc receptor (FcRn)
and other proteins known to bind immunoglobulins [reviewed in
32]. However, there is little information on their ability to bind
IgE. FceRI or CD23 (FceRII) did not seem to play any major part
in sequestering IgE in placenta. The observation that the staining
pattern for FcgRI is the same as that for IgE indicates that IgE is
bound to fetal cells indirectly via IgG antibodies. However, it has
also been demonstrated that IgE can bind to FcgR II and III,
although at low affinity [33].

An IgE binding capacity in the placenta has been reported
previously [34], where mast cells were detected in part by anti-
IgE antibodies. However, the numbers of mast cells in the pla-
centa were not of predictive value for development of atopic
disease in children [35]. Our study showed further that mast cell
frequency and distribution does not correspond to that of the IgE+

cells. As infiltrating eosinophils are not present in placentas from
normal pregnancies [36], IgE bound to eosinophils is not a prob-
able explanation for the placental IgE.

The presence of IgE in the placenta raises the question as to
whether it is of maternal or fetal origin. Several observations
support a fetal origin of the placental IgE. The location of the
IgE+ cells behind the trophoblast barrier is indicative of a fetal
origin. It has also been reported that the human fetus has the
potential to produce IgE as early as week 11 of pregnancy [37].
Moreover, it has been demonstrated recently that the human
fetus contains B cells that are primed to undergo IgE class switch-
ing from the first trimester and onwards, and that these B cells
can produce endogenous IgE by 20 weeks of gestation [38].

The placental barrier is widely believed to prevent all
immunoglobulin isotypes except IgG from being transported
from the mother to the fetus [39]. However, human IgE adminis-
tered to pregnant animals has been reported to pass from mother
to fetus at a fractional rate similar to that of albumin [40]. This
indicates that IgE might possibly be transported across the pla-
cental barrier, although not at all with similar efficacy as IgG.
Alternatively, IgE may be bound to placental cells via IgG–IgE
immune complexes. In support of this theory, is the fact that we
were able to detect the presence of IgE-IgG immune complexes
in cord blood (unpublished observations). This could be a 
mechanism to protect the fetus from the potential hazards of
allergen-specific IgE. Actually, high IgG anti-IgE serum levels at
birth have been reported to be associated with a reduced allergy

prevalence [41]. In addition, it has been shown that blocking IgG
antibodies induced by specific allergy vaccination are able to
prevent IgE-mediated allergen presentation, and thereby T cell
proliferation and cytokine production at low allergen concentra-
tions in birch-allergic patients [42]. A potential risk from post-
partum leakage of IgE from mother to child is not considered as
important, since we collected placental biopsies immediately fol-
lowing caesarian sections as well as up to 48 h after normal vaginal
deliveries and could not correlate the amount of IgE+ cells in
tissue biopsies with the time period between birth and freezing 
of the biopsies. However, it has been reported that the fetus is
exposed to maternal IgE in the amniotic fluid [43]. The authors
described a positive correlation between amniotic fluid IgE 
levels and maternal plasma concentrations. This could imply
either that maternal IgE crosses the fetal membranes into the
amniotic fluid during pregnancy, or that the IgE-stimulating
factor(s) affecting maternal IgE levels also influence fetal IgE
production. Fetal exposure to maternal IgE via the gastrointesti-
nal tract, respiratory tract and the skin in the amniotic cavity
could mediate allergen uptake via IgE receptors and prime the
baby for atopy.

We found no evidence for IgE production in the fetal part 
of the placenta. Possible IgE-producing cells were, however, 
localized in the decidua and the intervillous space using in situ
hybridization. Therefore, if the IgE is of fetal origin it is not pro-
duced locally in the placenta; instead, placental IgE probably
originates from the fetal circulation. However, cord blood IgE
levels were generally very low, but a discrepancy between IgE
detected locally in tissue and serum has been described previously
[44]. Cord blood IgE levels were not elevated in the group with
atopic mothers compared to the group with non-atopic mothers,
although we observed a correlation between maternal and cord
blood IgE levels. It has been proposed that cord blood IgE levels
are predictive of atopy development [8,9]. This is debatable,
however, as other investigations contradict this predictive role for
cord blood IgE [45,46]. We are following these children at present,
to record their atopy development.

Several explanations for the presence of fetal IgE in the pla-
centa can therefore be proposed. It could be merely a reflection
of the Th2 dominance described for pregnancy and subsequently
a marker of the baby’s response to Th2 type cytokine production
[12]. It is, however, intriguing to speculate that the finding of such
frequent IgE+ cells in the fetal part of the placenta in atopic as
well as non-atopic women may indicate that the IgE is of some
immunological importance to the fetus during its intrauterine life.
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