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Innate immunity acquires  
an anti-inflammatory bias  
during healthy human pregnancy: 
opportunities to examine links between 
early life environment and childhood 
development of allergic disorders 

Summary

Environmental influences in early life – during the first year of life and 
perhaps in utero —  influence progression to healthy vs. undesirable 
immune phenotypes, hence clinical outcomes, in childhood. Maternal 
innate immunity in vivo during healthy pregnancy (the”environment” for 
the first nine months of a child’s life) is not well understood. Here, we 
begin examination of systemic pro-/anti-inflammatory innate immune 
status in vivo in 100 healthy women during healthy term pregnancy. 
The data reveal that increasingly intense, systemic anti-inflammatory 
phenotypes develop with gestational age. Defining maternal immune 
signatures during pregnancy provides a foundation to examine rela-
tionships between in utero environments and subsequent develop-
ment of health vs chronic inflammatory disorders in infants.
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Introduction
While much research examines the immune system in diseases 
of pregnancy, maternal innate immune status in healthy preg-
nancy is poorly understood. Whether it is largely unchanged, is 
transiently skewed towards inflammatory phenotypes (poten-
tially enhancing host defense) or is tilted to anti-inflammatory 
phenotypes (reducing responses to the fetus) is unclear 1 2. Ex-
isting studies are largely small, cross-sectional and limit their fo-
cus to a small number of pro-inflammatory biomarkers. Recent 
international workshops 3-5 identify need for insight into the biol-
ogy of normal pregnancy, particularly (i) maternal adaptations 
during pregnancy and (ii) creating biological definitions of op-
timal pregnancy phenotypes from fetal, maternal, and paternal 
standpoints. Here, we begin study of innate immune status in 
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vivo, with focus on possible changes in pro-/
anti-inflammatory balance over the course of 
healthy pregnancy. 

Methods
Following local IRB approval and written, in-
formed consent, non-fasting venous blood 
was obtained from 100 randomly selected 
women seen between 9.9 and 38.4 weeks 
gestational age. All experienced unevent-
ful pregnancies resulting in healthy singleton 
babies. Plasma samples were obtained from 
whole blood 6. Clinical assessments at each 
blood draw excluded women with active URT 
or GI infections. MesoScale (MSD, Rockville, 
MD) singleplex assays were used to quan-
tify biomarkers, with median assay variation 
<  5%. Each point represents an average 
value of duplicate analyses for an individual 
pregnant woman. Spearman rank order cor-
relation coefficient (non-parametric) analyses 
were used to assess associations between in 
vivo biomarker levels and increasing gesta-
tional age (GraphPad Prism La Jolla, CA). Full 
details on all methodology are at 7. 

Results and Discussion
A panel of pro-inflammatory plasma bio-
markers were examined in 100 asympto-
matic pregnant women of different gesta-
tional ages (Fig.  1A). Constitutive low level 
expression of multiple pro-inflammatory cy-
tokines was evident in most pregnant wom-
en (and healthy non-pregnant women, data 
not shown). Their intensity did not increase 
with term, nor correlate with gestational age. 
Thus, gestational age did not influence sys-
temic basal pro-inflammatory cytokine levels 
in healthy pregnancy. Conclusions about in 
vivo status are often drawn from analysis of 
inflammatory biomarker expression (i.e. IL-6, 
TNFα, CCL2) with minimal or no assessment 
of the endogenous controls that shape the 
net inflammatory response  8-12. Figure  1B 
demonstrates that such molecules are read-
ily quantified in pregnant (and non-pregnant, 

data not shown) individuals. Importantly, un-
like pro-inflammatory biomarkers, systemic 
anti-inflammatory molecules rose signifi-
cantly over the course of healthy pregnancy. 
In the population studied, these increases 
ranged from two to four fold between late 
first trimester and term. 
Thus, in this pilot analysis of 100 healthy wom-
en experiencing uncomplicated term preg-
nancies, an increasingly intense shift in vivo 
was seen to anti-inflammatory phenotypes 
with increasing gestational age. With increas-
ing importance attributed to early life condi-
tioning in determining subsequent childhood 
outcomes  13-16, extension of these data to a 
substantially larger cohort will create opportu-
nities to stratify individuals into (i) children who 
exhibit early life (i.e. 3-5 years of age) clinically 
evident allergic disorders vs (ii) those without 
clinical symptoms and signs of chronic inflam-
matory disorders such as atopic dermatitis, 
allergic rhinitis, food allergies and/or asthma. 
An important caveat is that basal innate im-
mune status in vivo was examined. The 
impact of infection and more subtle envi-
ronmental influences will be important to 
investigate in examining the putative impor-
tance of the in utero environment in later de-
velopment of clinical phenotypes. Similarly, 
future examination of maternal responses 
to defined innate stimuli in vitro can provide 
insight into the environment in which the al-
lergic, or non-allergic, child developed.
In summary, improved understanding of ma-
ternal status during healthy pregnancy pro-
vides insight into maternal health and lays 
the groundwork for future comparisons of 
the in vivo environment of infants who go on 
to develop allergic disorders during child-
hood relative to those who, despite chronic 
environmental exposure to allergens, mount 
protective immune responses and do not de-
velop pediatric allergic diseases.
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Figure 1. Plasma pro-inflammatory (A) and anti-inflammatory; (B) mediator levels in 100 healthy pregnant women 
by gestational age. Spearman’s r and p shown. 


