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Summary

Background Successful pregnancy is dependent upon T helper (Th)2-type-dominated
immunological responsiveness in gestation-associated compartments.

Objective In our study we observed the influence of the maternal Th2-associated
cytokine pattern on the naive fetal T cell phenotype and asked if circulating Th2 cytokines
of atopic mothers affects the Th1/Th2 differentiation of the fetus.

Methods Cord blood mononuclear cells (CBMC) and peripheral blood mononuclear cells
(PBMC) of the corresponding mothers were isolated. The proliferative response of CBMC
and PBMC to Betalactoglobulin (BLG) was assessed by liquid scintillation counting. The
cytokines interferon (IFN)-vy, and interleukin (IL)-5, IL-10 and IL-13 in the cell culture
supernatants were measured using the ELISA technique. We then defined two subgroups
based on maternal levels of specific IgE against aeroallergens: sensitized mothers (MA™)
and their neonates (NMA™) (n = 18) and non-sensitized mothers (MA™) and their
neonates (NMA ) (n = 29).

Results Nearly all mothers (98%) and neonates (92%) had a positive proliferation response
after stimulation with BLG (mean stimulation index (10—90 percentile): neonates: 7 (2—15);
mothers 14 (5-29)). In supernatants of BLG-stimulated cell cultures, sensitized mothers
showed a significantly lower IFN-y concentration in comparison to non-sensitized mothers
(MA" =25; MA™ =123 IU/L; P < 0,05), whereas the neonates did not differ
significantly (NMA™ = 306; NMA ™~ = 224 IU/L; n. s.). Nor was any difference found in
the IL-13 concentration between the two groups of sensitized and non-sensitized mothers
(MA+ = 48; MA™ = 125 pg/mL; n. s.). CBMC of neonates with a sensitized mother
showed significantly higher IL-13 concentrations in response to BLG than neonates of non-
sensitized mothers (NMA™' = 1442, NMA™ 738 pg/mL; P < 0.05). The IL-5 and IL-10
concentrations did not differ significantly within the neonatal and the maternal subgroups.
Conclusions Our data suggests that maternal sensitization to allergens is associated with
the reduced maternal production of the Th2 antagonist IFN-y and elevated production of
the Th2 cytokine IL-13 in the offspring.
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Introduction

The increasing prevalence of atopic dermatitis, bronchial
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prevent the development of allergic diseases in childhood
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[1,2]. Thus, detailed understanding of the immunological
process is required if primary prevention strategies are to be
developed.

Atopic diseases are associated with elevated serum levels
of both total and allergen-specific IgE [3,4]. The production
of IgE is controlled by T lymphocytes, in particular by the
T helper (Th)2 subsets of the CD4" T cells. These cells
secrete various Th2-associated cytokines such as inter-
leukin (IL)-4, IL-5, IL-10 and IL-13, which results in B cell
switching to IgE production and modulates the state of
effector cells of allergic inflammation [3,4]. In contrast to
the Th2-like response leading to allergic disease, non-
atopic individuals show mainly Thl immunity character-
ized by the production of interferon (IFN)-y and IL-12,
which inhibits the growth of Th2 cells [5]. The balance
between the two subsets of T cells is pivotal for allergic
sensitization. However, little is known about the mechan-
ism and the timing by which allergens provoke the selective
development of a Th2 immune response within the atopic
population.

In the last 10 years there has been a growing body of
evidence that the immunological changes leading to atopic
diseases start very early in childhood or even prenatally, i.e.
during pregnancy [6]. Much research has focused on the
reactivity of cord blood cells in response to various foods
and inhalant allergic stimuli. To date it is clearly
demonstrated that cord blood mononuclear cells (CBMC)
of atopy-prone as well as non-atopy-prone children [6,7]
proliferate in response to betalactoglobulin (BLG) [6,8—
10], bovine serum albumin [6,8,11,12], ovalbumin
[6,8,10,12—14], birch pollen [6-8], timothy grass pollen
[6-8], cat fur [6,8] and house dust mite [6,15,16]. These
results have been interpreted as indirect proof that allergen
priming must occur before birth.

Apart from proliferation assays, cytokine production at
birth of mitogen and allergen-stimulated cord blood cells
has been investigated by several groups, of which all
showed a Th2-dominated cytokine pattern and reduced Thl
production [13,17,18]. Comparing newborns with the later
development of allergic diseases and non-atopic children,
IFN-vy production is lower in individuals with an atopic
family history and increases more slowly from birth to the
age of 5 years [18]. In vitro data indicates that antigen-
specific Th cell precursors differentiate into Thl or Th2
cells mainly according to the pattern of cytokines in the
microenvironment at the time of antigen presentation [19].
In this context it is important to stress the circumstances of
the microenvironment concerning the fetal immune system:
based on murine studies and clinical observations,
Wegmann et al. postulated in 1993 that a successful
pregnancy is dependent upon a Th2-type dominated
immunological response in gestation-associated compart-
ments [20]. In the light of these findings the question which

arises is whether maternal production of Th2 cytokines
influences the differentiation of the naive fetal T cell
phenotype. To answer this question we collected umbilical
cord blood and corresponding blood samples from
sensitized and non-sensitized mothers in order to assess
the potential role of maternal cytokine production in the
development of specific T cell response in the offspring.

Methods

Subjects and study design

The study involved a cohort of 50 families who were
randomly selected from women giving birth at a local
hospital between December and June 1999. The study
protocol was approved by the ethics committee of the
University of Freiburg and written consent was obtained
from the parents.

Fifty samples of cord blood were collected. Human
umbilical cord blood was drawn on heparin (15 IU Heparin/
mL blood) before expulsion of the placenta [21]. The
infants were born between the 37th and 42nd week of
gestation (median 40th week of gestation). Way of
delivery, birth weight and medical as well as family history
of atopy were obtained with a questionnaire and only
families with uneventful pregnancy and delivery were
included in our study.

The maternal venous blood samples were obtained by
cubital venipuncture and were transported at once to our
laboratory where the preparation of mononuclear cells was
carried out immediately.

Atopic sensitization was evaluated by determining
specific IgE to the house dust mite allergens Dermatopha-
goides pteronyssinus (Der p 1) and Dermatophagoides
farinae, cat dander, birch or grass pollen allergen, cow’s
milk protein and hen’s egg protein in the maternal sera
using the Fluoro-Enzym-Immuno-Assay (FEIA, Pharmacia
CAP System, Pharmacia, Uppsala, Sweden). The sensitiv-
ity of the assay was > 0.35 kU/L. Mothers with a specific
IgE equal to or greater than 3.5 kU/L (CAP-RAST class
=2) in response to at least one tested allergen were
classified as ‘sensitized’.

Cell preparation

Cord blood mononuclear cells from umbilical cord blood
and peripheral blood mononuclear cells (PBMC) taken
from the mothers were isolated by density gradient
centrifugation (Pharmacia) and washed three times with a
saline buffer containing 3% heat-inactivated fetal calf
serum (Biochrom, Berlin, Germany). The cells were frozen
gradually to — 70 °C in a freezing container. Thereafter the
tubes were stored in liquid nitrogen at — 196 °C. Before
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use, the cells were thawed quickly in a 37 °C water bath,
diluted and washed in Ultra culture medium (Bio Whit-
taker, Walkersville, MD, USA) supplemented with 1%
heat-inactivated human serum, 20 uM 2-mercaptoethanol
(Merck, Darmstadt, Germany), 2 mM L-glutamine (Sigma,
Taufkirchen, Germany) and 170 mg/LL Gentamycine
(Sigma).

Proliferation assay

For proliferation assays, CBMC and PBMC were cultured
in triplicates in concentrations of 25 000 cells/well in
96 well round-bottom tissue-culture plates (Corning, New
York, NY, USA) for seven days [21]. CBMC or PBMC
alone served as negative control, while CBMC or PBMC
plus IL-2 (5 U/well; Boehringer, Mannheim, Germany)
were used as positive control. Betalactoglobulin (Sigma)
was used at final concentrations of 25 pg/mL. Major
allergen of house dust mite Dermatophagoides pteronyssi-
nus Der p 1 was kindly provided by Mr Carsten Shou
(ALK, Horshglm, Denmark). Der p 1 was used at final
concentrations of 10 pg/mL.

After 7 days of culture at 37 °C in humidified 5% CO,/
95% 02,[3H]thymidine ([SH]TdR; 0.5 mCi/well; Amer-
sham Int., Amersham, UK) was added and the incorporated
radioactivity was measured by scintillation counting after
16 h. Proliferation was expressed as a stimulation index
(SI), which was calculated as the ratio between the mean
counts/min values measured in stimulated triplicates and
the mean counts/min values measured in unstimulated
triplicates (SI = cpm in cultures stimulated with allergen/
cpm in unstimulated cultures). In accordance with the
literature [11], a proliferative response with a SI > 2 in
addition to an absolute value of > 750 cpm was regarded as
positive.

ELISA

For cytokine analysis, CBMC and PBMC were cultured in
the medium alone or stimulated with phytohaemagglutinin
(PHA) (20 pg/mL; Sigma) or BLG (25 pg/mL; Sigma) and
incubated in concentrations of 100 000 cells/well. The
supernatants of the unstimulated and the PHA-stimulated
cells were obtained after 24 h of culture at 37 °C in
humidified 5% CO,/95% O,. Following the data of
preliminary experiments where we determined the maximal
cytokine expression of BLG-stimulated CBMC and PBMC
in a subsample of n = 10 individuals, we obtained the
supernatants of allergen-stimulated cells after 4 days of
culture for the cytokines IL-5, IL-13 and IFN-y and after
5 days for IL-10. They were then analysed using commer-
cially available ELISA technique (Coulter-Immunotech,
Krefeld, Germany) in accordance with the manufacturer’s

instructions. All assays of the specifically stimulated
CBMC and PBMC were performed in duplicate. The limit
of detection was 1 pg/mL (IL-5), 1.5 pg/mL (IL-13), 5 pg/
mL (IL-10) and 0.08 TU/mL (IFN-vy), respectively.

Statistical analysis

The analysis was carried out using the Statistical Analysis
System. In order to determine the statistical significance of
differences between the subgroups of atopy and non-atopy
prone newborns P-values were calculated and the Wil-
coxon-test was employed.

Results

Clinical characteristics of the study population

Fifty cord blood samples from full-term neonates (44%
males; n = 22) and 47 corresponding blood samples from
the mothers were collected. The time of delivery varied
between the 37th and 42nd week of gestation (median 40th
week of gestation). Normal vaginal deliveries were
observed in 64% of the population (n = 32) and Caesarean
sections in 36% (n = 18). The mean birth weight was
3419 g (range 2350-4800 g). No women smoked during
pregnancy but 14.3% (n = 7) of them were exposed to
passive smoke at home. The parents of the neonates were
asked about their history of allergy. On that occasion 26%
(n = 13) of the fathers and 42% (n = 21) of the mothers
reported a history of asthma, allergic rhinitis or atopic
eczema. Based on elevated specific IgE, 38% of the
mothers were defined as ‘atopics’ with a CAP-RAST class
=2 in response to one of the tested allergens. Cord blood
total IgE was above the detection limit of 2 IU/L in five
newborns.

To analyse the role of maternal atopy for T cell
differentiation we defined two groups based on an elevated
specific IgE of the mothers: group 1 comprised sensitized
mothers and their offspring (mothers: MA*, n=18;
neonates: NMA " n = 18) and group 2 comprised non-
sensitized mothers and their offspring (mothers: MA™,
n = 27; neonates: NMA ™ ; n = 27). The way of delivery,
time of delivery and birth weight did not differ between the
groups (data not shown).

Proliferation assay: BLG is a privileged allergen
recognized by cord blood cells

Proliferation activity was assessed by quantification of
[*H]thymidine uptake. All tested samples responded to the
unspecific stimulus IL-2 with a mean stimulation index of
26 in the neonatal group and a mean stimulation index of
21 in the maternal group (Table 1). Higher proliferation
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Table 1. Proliferative response of maternal and neonatal mono-
nuclear cells. The stimulation index (SI; median 10th and 90th
percentile) and the percentage of positive responders (defined as a
stimulation index >2 in addition to an absolute value of > 750
cpm) are presented

Mothers Neonates
1L-2 SI 21 26
5-41 8-51
SI>2 100% 100%
BLG SI 14 7
5-29 2-15
SI>2 98% 92%
OVA SI 2 1.7
1-4 1-3
SI>2 36% 38%
Derp 1 SI 2 2
1-5 1-3
SI>2 17% 41%

indices after stimulation with allergens were observed in
response to BLG (mothers SI 14; neonates SI 7) compared
to OVA and Der p 1 (OVA: mothers SI 2; neonates: SI 1.7;
Der p 1: mothers SI 2; neonates: SI 2).

Based on the definition that a response with a SI > 2 in
addition to an absolute value > 750 cpm will be classified
as positive, a positive proliferative response to BLG was
observed in 92—100% with no differences in the two groups
(Table 1). As with BLG, the number of positive responses
to OVA and to Der p 1 did not differ between atopic and
non-atopic mothers and their newborns.

Significantly lower IFN-vy concentration in the
supernatants of BLG-stimulated PBMC of sensitized
mothers compared to non-sensitized mothers

The principal focus of this study involved detailed analysis
of cytokine production by allergen-stimulated CBMC and
PBMC in response to stimulation with the unspecific
stimulus PHA and the archetypal food allergen BLG. All
cytokine concentrations are expressed as the increase above
the unstimulated background. Table 2 summarizes the
cytokine concentration of PHA-stimulated cells in the
maternal and neonatal group. IFN-y, IL-5 and IL-13
concentrations were similar in the maternal and neonatal
cell supernatants. However, the IL-10 concentration in the
supernatants in response to PHA was significantly higher in
the maternal group (3241 pg/mL) compared to the neonates
(307 pg/mL; P < 0.005). No differences were detectable

Table 2. Cytokine concentrations of IFN-y, IL-13, IL-10 and IL-
5 in the maternal and the neonatal group in cell supernatants
stimulated with PHA. The median and the 5th and 95th percentage
values above the unstimulated background are presented.

Mothers Neonates

IFN-y [IU/L] 27 21

20-56 6-49
IL-13 [pg/mL] 203 163

158-361 55-340
IL-10 [pg/mL] 3241 307

125-10630 48-1127
IL-5 [pg/mL] 8 4

5-56 1-7

between the four groups considering the maternal status of
allergy (MA™" and MA™; NMA ™" and NMA ).

In Fig. 1 the IFN-y concentrations of BLG-stimulated
cells of maternal PBMC supernatants and neonatal CBMC
supernatants are presented. The mothers with an allergic
sensitization showed a significantly lower IFN-y concen-
tration compared with mothers without allergic sensitiza-
tion (MA™* = 25; MA™ = 123 TU/L; P < 0,05).

Significantly higher IL-13 concentration in the
supernatants of BLG-stimulated CBMC of neonates from
sensitized mothers

Similarly to the Thl cytokine IFN-y a number of Th2 type
cytokines (IL-13, IL-10, IL-5 and IL-4) were analysed in
the supernatants of BLG-stimulated cell cultures. Using the
conventional sandwich ELISA technique, we were not able

Neonate A" 1

Neonate A [ }——

Mother A1 [
Mother A~ [H ] P<0.05
0 500 1000 1500 2000

I FN-Y [IU/L]

Fig. 1. Cytokine concentrations of IFN-y in cell supernatants
stimulated with BLG. The median and the maxima values above
the unstimulated background are presented of the sensitized
mothers, the non-sensitized mothers, the neonates with a
sensitized mother and the neonates with a non-sensitized mother.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1536—1543



1540 M. V. Kopp et al.
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Fig. 2. Cytokine concentrations of IL-13 in cell supernatants
stimulated with BLG. The median and the maxima values above
the unstimulated background are presented of the sensitized
mothers, the non-sensitized mothers, the neonates with a
sensitized mother and the neonates with a non-sensitized mother.

to detect IL-4 in supernatants of CBMC. Reports in the
literature and our own data suggest that more sensitive
techniques are necessary to quantify allergen-specific IL-4
responses by CBMC.

In contrast to IL-4, the Th2 type cytokines IL-13, IL-10
and IL-5 were detectable in all supernatants of stimulated
CBMC and PBMC. Figure 2 summarizes the IL-13
concentrations in response to BLG.

CBMC of neonates with a sensitized mother showed
significantly higher IL-13 concentrations in response to
BLG than neonates without a sensitized mother
(NMA" = 1442, NMA™ = 738 pg/mL; P < 0.05).

There were no differences in the IL-5 concentration
between the four groups (Fig. 3). In response to BLG the
IL-10 levels were higher in CBMC of neonates with
sensitized mothers and in PBMC of sensitized mothers
compared to the neonatal and maternal group with no
sensitization of the mothers (MA™ = 893, MA™ =
686; NMA*' = 152, NMA™ = 126 pg/mL). However, the

Neonate At [T J——

Neonate A~

Mother AY [T} f

Mother A™

0 20 40 60 80 100
IL-5 [pg/mL]

Fig. 3. Cytokine concentrations of IL-5 in cell supernatants
stimulated with BLG. The median and the maxima values above
the unstimulated background are presented of the sensitized
mothers, the non-sensitized mothers, the neonates with a
sensitized mother and the neonates with a non-sensitized mother.
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Fig. 4. Cytokine concentrations of IL-10 in cell supernatants
stimulated with BLG. The median and the maxima values above
the unstimulated background are presented of the sensitized
mothers, the non-sensitized mothers, the neonates with a
sensitized mother and the neonates with a non-sensitized mother.

differences between the subgroups were not statistically
significant (Fig. 4).

We calculated the Spearman correlation coefficient of
the different cytokine levels in the maternal and neonatal
subgroup (Table 3).

In the maternal group only the two representatives of the
Th2 cytokines IL-5 and IL-13 were significantly positively
correlated (#° = 0.58, P = 0.0001). In the neonatal group
we observed the strongest correlation between IL-5 and IL-
13, similar to the maternal group. However, in contrast to
the mothers, we found a weak but statistically significant
correlation between IFN-vy and IL-5, IFN-vy and IL-10, IFN-
v and IL-13 as well as a correlation between IL-5 and IL-
10. In addition, the correlation between the maternal and
neonatal cytokines was calculated. However, in the case of

Table 3. Correlation analysis between the maternal and the
neonatal group. Spearman correlation coefficeint (r*) and P-
values are presented

Mothers Neonates

r P I P
IFN-v/IL-5 0.04 P> 0.05 0.39 P = 0.0048*
IFEN-y/IL-10 - 014 P>0.05 0.46 P = 0.0008*
IFN-vy/IL-13 025 P >0.05 0.34 P =0.015*
IL-5/IL-10 - 028 P >0.05 0.37 P = 0.0091*
IL-5/1L-13 0.58 P < 0.001* 0.52 P = 0.0001*
1L-10/IL-13 - 027 P >0.05 0.23 P > 0.05

*Statistically significant (P < 0.05).
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all tested cytokines we observed no significant correlation
coefficient (data not shown).

Discussion

The prevalence of atopic diseases has increased over the
past 30 years and is still on the increase [22—24]. Therefore
current research focuses on risk factors in early childhood
and particularly around birth which might influence the
development of allergic sensitization. In this context it is
worthy of note that babies of allergic mothers are
significantly more likely to develop a positive skin prick
test reaction, an atopic eczema or a food intolerance at the
age of one to two years compared to babies of allergic
fathers [25,26]. These findings support the role of the
mother in programming the immune response of the infant
prior to birth. Because pregnancy itself is a Th2
phenomenon, we studied the potential influence of
maternal cytokine expression on cord blood. Our main
interest was to investigate differences between mothers
with specific sensitization to common allergens who might
have constitutionally higher levels of Th2 cytokines, and
mothers without specific sensitization.

In this study increased concentrations of Th2 cytokines
IL-13 and IL-10 in response to the common food allergen
BLG were found in neonates of sensitized mothers. These
differences reached statistical significance for IL-13, but
not for IL-10. Parallel to the observed Th2 shift in neonates
of sensitized mothers we found increased concentrations of
IL-10 and significantly decreased concentrations of the Th1
cytokine IFN-vy in the sensitized mothers themselves in
response to the specific stimulus BLG, but not in response
to the unspecific stimulus PHA. Our findings support the
hypothesis that in utero influences may be fundamental in
the development of neonatal T cell reactivity and that
maternal sensitization might direct the neonatal cytokine
concentrations towards a Th2 pattern.

In the maternal and neonatal groups we observed a
significant correlation between the two representatives of
the Th2 cytokine family IL-13 and IL-5. In the maternal
group no further significant relationships between the
tested cytokines were seen. In contrast to the mothers, we
calculated in the neonates a weak but significantly positive
correlation between IFN-y and IL-5, IFN-vy and IL-10, IFN-
v and IL-13 as well as between IL-5 and IL-10. This data
strongly suggests that in contrast to maternal PBMC the T
cell of the newborn, even if already biased in a Th2
direction, is still a pluripotent cell with the ability to
synthesize both Thl and Th2 cytokines. In contrast to the
neonates, the T cells of the mothers seems to be more
strongly polarized in a Thl or Th2 direction.

In previous studies a clear shift of neonatal cytokines in a
Th2 direction was observed. Comparing newborns with the

later development of allergic diseases and non-atopic
children, IFN-vy production is lower in individuals with an
atopic family [10,17,18]. In contrast to these studies we
only had information about the family history of sensitiza-
tion but not about a later development of allergic
sensitization of these individuals. This might explain the
fact that we observed no differences in IFN-y production
between neonates of atopic and non-atopic mothers.

Furthermore, the choice of antigen could explain the
discrepancy in the cytokine levels between our and
previously published data. We used BLG as an allergen-
specific stimulus, because cow’s milk proteins are usually
one of the first nutritive allergens to which neonates are
exposed in early life. Moreover, Szépfalusi showed very
recently that BLG can cross the human placenta [27].
Based on the observations of this study comparing BLG
and birch pollen allergen, it is possible that different
inhalant or nutritive allergens have different abilities to
cross the human placenta and might therefore provoke
variable immunological reactions.

There were no significant relationships between maternal
and neonatal cytokine expression. This might be explained
by the fact that the maternal cytokine profile changes
during pregnancy and materno—fetal interaction might start
early during gestation. T cell precursors migrate from the
epithelial thymus between 7 and 9 weeks of gestation [28].
A proliferative response of fetal T cells to mitogenic
stimuli can be detected in the second trimester which
increases with progression through gestation [29]. There-
fore we suspect that the analysis of maternal cytokine
concentration in the second trimester might add further
information to materno—fetal interaction and might better
mirror the potential immunological influence on the fetus
than maternal cytokine levels around birth do.

Furthermore, several confounders might influence the
maternal cytokine concentrations around birth. We evaluated
the method of delivery, birth weight and tobacco smoke
exposure [30] as possible factors, all of which are able to
direct the cytokine levels either in a Th2 or a Th1 direction.
Maternal disorders during pregnancy like preeclampsia [31],
autoimmune disease [32,33], chronic or acute infectious
disease [34-36], neoplasia or the consumption of medication
such as corticoids [37], which possibly influence the Th1/
Th2 balance, were ruled out by considering information on
the questionnaire (data not shown).

In addition to the considerations about a critical time
period of materno—fetal interactions and possible confoun-
ders it seems plausible that beside immunological effects
environmental factors such as allergen exposure and the
maturation process of the fetal immune system must also be
taken into account.

Taken together, our hypothesis that maternal sensitiza-
tion might direct the neonatal cytokine levels towards a
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Th2 pattern is weakened by the absence of a clear
correlation between the maternal and the neonatal cytokine
levels and by the absence of IL-4 data. As stated above we
were not able to detect IL-4 in supernatants of CBMC using
the conventional sandwich ELISA technique. However, we
observed a significant decrease of the Thl cytokine IFN-vy
in the BLG-stimulated PBMC of sensitized mothers which
parallels the significant increase of the cytokine IL-13 in
BLG-stimulated CBMC of the corresponding neonates. Our
data might point to an early influence of maternal cytokine
concentrations during gestation on the neonatal cytokine
shift towards a Th2 pattern. Nevertheless, further studies
are needed to clarify if maternal cytokine concentrations
during gestation are potent extrinsic factors programming
the immune system of the fetus for the development of
atopic disease later in life.
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