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Maternal cytokine profiles during pregnancy - predictors
for later allergy or just reading the tea leaves?
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Up to now, maternal allergic health outcomes represent the
most reliable markers for later allergy of neonates, reflecting
the strong genetic background and the respective maternal
immunological environment in which the concept is embed-
ded. Under the sign of the worldwide atopic epidemic with
growing incidences even in nonrisk families, the challenge
arises how to predict the risk of allergy development in these
newborns.

As there is growing evidence that the course toward toler-
ance or allergy is set already in utero, maternal immune
responses during pregnancy got in focus of research (1).
Based on the close relationship between maternal immune
responses and neonatal maturation of the immune system,
maternal and neonatal cytokines profiles were suggested as
candidates for allergy prediction. A conclusive marker of
T-cell maturation and differentiation represents the cytokines
IL-4, IFN-y, and IL-10 reflecting the balance between key
T-cell subsets. Maternal cytokine profiles might provide an
elegant insight into the conditions that shape the maturation
of the fetal immune system during pregnancy. However, the
impact of maternal cytokines on the maturation of the fetal
immune system and thereby on the development of disease
phenotypes is currently discussed contradictory. While some
studies present associations between maternal inflammatory
(IL-6, IL-8, IL-10 or TNF-o)) and Th1/Th2 (IL-4, IL-5, IL-13,
IFN-y or IL-10) cytokines during pregnancy and the later
risk of allergic disease, others do not suggest such influences
(2-5). The inconsistent picture is not surprising as the basic
mechanisms that shape the prenatal cytokine network and its
relevance for immunological programming in the fetus are
not even fully understood.

According to the Th2 bias paradigm, initially postulated
by Wegmann et al. (6), the maturing immune system of the
fetus is mainly exposed to a Th2-dominated uterine milieu
that protects the allograft from abortion and promoting sur-
vival of the fetus. As the concept of an allograft protecting
compartment arose, this hypothesis was revised by three
major lines of investigation:

First, studies on the course of pregnancy demonstrated
that maternal cytokine production during pregnancy is rather
a dynamic than a static process adapted to the requirements
of the different stages of gestation (7). The implantation of
the embryo, the development of the placenta, the main-
tenance and development of the fetus and, finally, the initia-
tion of the partition and term of birth implicate a
modulation of this milieu. A study conducted by Aris et al.
(8) clearly demonstrates that levels of circulating maternal
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Th1/Th2 cytokines change within the progress of pregnancy
indicated by increasing and decreasing IFN-y and IL-6 pro-
duction. Maternal peripheral cytokine profiles during implan-
tation and initiation of gestation seemed to be characterized
by a low Th2 bias that increases within the second trimester.
In the third trimester, maternal cytokine expression is charac-
terized by the upcoming process of birth. To promote the ini-
tiation of labor and the detachment of the placenta, TNF-a
is increasingly released by the placental cells (8).

Second, cytokine profiles in the peripheral system of the
pregnant mother may neither reflect the cytokine network at
the fetal-maternal interface nor the placental or fetal cyto-
kine milieu (9).

Third, maternal and, thereby, fetal cytokine pattern can be
modulated by exogenous or endogenous exposures during
pregnancy. It is well established that pregnancy-related dys-
functions such as preeclampsia or maternal stress are able to
modulate maternal cytokines (10). The health status of the
mother especially of those suffering from allergies may favor
a Th2-skewed cytokine milieu in the mother’s circulation (3).

Exogenous environmental exposures for example ‘season
of pregnancy’ may also modify cytokine expression in the
mother (11). Recently, we could demonstrate that exposures
from allergo-protective settings are capable to influence the
level of cytokines produced during the perinatal phase.
Although we have not investigated maternal blood samples,
we could clearly describe different cytokine patterns in cord
blood from newborns born to farmer and nonfarmer families.
We observed a significantly higher production of Thl cyto-
kines and TNF-o in cord blood of children born to mothers
that were exposed to environmental and lifestyle factors that
are characterized by a diverse microbial world (12).

In sum, the formation of maternal cytokines during preg-
nancy is influenced by factors closely related to changing
functional conditions during pregnancy and modulated by
exogenous and endogenous maternal exposures. These expo-
sures might modulate the direction of maternal cytokine
expression in the course of pregnancy and thereby act as
stimuli for the developing fetal immune repertoire.

A study by Herberth et al. (13) published in this issue
added new evidence to this field of research. Within the Life-
style and Environmental factors and their Influence on New-
borns Allergy risk (LINA) study, the group examined the
influence of maternal immune responses in pregnancy on chil-
dren’s immune competence and the development of pediatric
atopic dermatitis (AD) in the first year of life. The unselected
study population of this prospective birth cohort study
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allowed new insights into potential maternal effects on the
development of the early immune system and the resulting
risks for allergic diseases in the offspring. The analyses of
samples from mother and child pairs indeed confirmed a
strong correlation between maternal and neonatal inflamma-
tory cytokines production during pregnancy but without
showing any associations with disease phenotypes of atopy in
the offspring at the age of one year. Compared with maternal
cytokines levels measured postpartum, maternal Thl/Th2
cytokines during pregnancy were significantly lower
expressed. In line with Halonen et al. (14), the group
observed a bias in favor of Thl responses at week 34 of ges-
tation. In contrast, the analyses of cord blood samples dis-
played a strong Thl/Th2 bias at birth supporting a Th2
milieu in utero. Although elevated maternal IL-10, TNFa,
and IFN-y/IL-10 production was associated with a high level
of children’s corresponding cytokine production at one year,
only maternal production of TNFa was predictive for a
protection against inhalant allergens. These finding are in line
with our data from the PASTURE study as we found an
inverse association between elevated levels TNFa production
in cord blood and IgE to inhalant allergens. Nevertheless, on
the risk site, the LINA study team clearly showed that AD in

As expected, maternal AD was found to be the strongest
predictor for AD in the progeny in the LINA study. Among
allergic health conditions, AD seems to have the strongest
genetic background codetermined by susceptibility loci
responsible for the functional loss of filaggrin, a component
that is responsible for the integrity of epithelial barrier (15).
Currently, it seems that allergic disease of the mother is still
the best predictor for child’s illness. But this picture may
change when allergic health outcomes will appear within the
LINA study, which are predominantly determined by
immune parameters.
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the child was only predicted by the disease in the mother.
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