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Longitudinal trends of serum IgE and IL5RA expression 
throughout childhood are associated with asthma but not with 
persistent wheeze

To the Editor,
Wheezing episodes are common in young infants affecting every 
third child before the age of 3.1,2 While wheezing episodes in early 
life are mostly triggered by viral lower respiratory tract infection, the 
development of asthma and airway hyperresponsiveness seems to be 
promoted by immunoglobulin E (IgE)–mediated lung inflammation.3‐5 
Although the development of an asthma phenotype does not neces‐
sarily require an atopic status, early childhood asthma is mostly as‐
sociated with atopy while nonatopic, intrinsic asthma is a rather rare 
condition.3,4 Considering the critical role of IgE in the development 
of impaired lung function in early childhood, several studies tried to 
differentiate children with transient wheezing episodes from those 
with persistent wheeze based on early childhood serum IgE levels 
providing evidence that persistently wheezing children seem to have 
elevated IgE levels already very early in life.6 Notably, although not 
every child with persistent or late‐onset wheeze will be diagnosed 
with asthma, none of the earlier studies focusing on IgE, wheeze, and 
asthma distinguished between persistent wheeze and asthma (eg, 4,6). 
Thus, one major aim of the present study was to evaluate the longitu‐
dinal association between serum IgE levels, wheeze, and asthma con‐
sidering persistent wheeze and asthma as independent endotypes. In 
addition to serum IgE, we included interleukin‐5 receptor‐α (IL5RA) 
measured by qPCR from whole‐blood RNA in our analyses as IL5RA 
has been closely linked to both IgE and asthma development.7

Data and samples from two population‐based German birth co‐
horts, LINA8 and LISA,9 were used for this study. While the majority 
of birth cohorts dispose of only few blood sampling time points, the 
LINA study with annual clinical visits and blood sampling until the 

age of 8 offers the opportunity to study the timing of sensitization, 
wheezing symptoms, and asthma onset in a tightly time‐resolved 
manner. The LISA study with available blood samples at ages 2, 6, 
10, and 15 was used as a replication cohort. For the current analyses, 
only children with longitudinal blood samples (LINA age 1‐8, n = 98; 
LISA age 2, 6, 10, and 15, n = 453) and available RNA (LINA age 1, 4, 
and 8; LISA age 15) were included (for the description of the study 
population, see Figure S1 and Table S1, Supporting Information 
Methods). Wheezing children without an asthma diagnosis were 
grouped according to their wheezing endotypes: transient (reported 
wheezing up to the age of 3 but not thereafter), late‐onset (wheezing 
reported after age 3), and persistent wheeze (wheezing during the 
first 3 years of life and at least one time thereafter). These children 
were compared to apparently healthy controls and children diag‐
nosed with asthma, respectively. The asthma outcome was defined 
according to the question asked at each follow‐up (see Figure S1): 
“Has a physician diagnosed your child with asthma during the past 
12 months?” Within the studied LINA and LISA subpopulations, 
10.2% (10/98) and 10.8% (49/453) of the children were ever diag‐
nosed with asthma, respectively.

As expected, in both cohorts the specific IgE concentrations 
(sIgE) (Figure 1A) and sensitization percentages (Figure S2) against 
aeroallergens (sx1/rx1) were significantly different between groups 
over time with highest levels in asthmatic children (one‐way re‐
peated‐measurement ANOVA; Figure 1A). Compared to healthy 
controls, LINA children diagnosed with asthma later in life showed 
significantly higher sIgE levels already starting at age 4 (post hoc 
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F I G U R E  1   A, Longitudinal pattern 
of specific and total serum IgE levels in 
the LINA and LISA cohorts. Given are 
mean ± SEM. A repeated‐measurement 
one‐way ANOVA was applied to 
determine the difference between groups 
over time. B, Comparison of relative 
IL5RA gene expression in asthma, different 
wheezing endotypes, and controls in the 
LINA and the LISA cohort, respectively. One‐
way ANOVA followed by Dunnett's post hoc 
test was applied to determine the difference 
between asthma and the other groups. C, 
Mediation meta‐analysis for the relationship 
of tIgE, IL5RA expression, and asthma 
development for 8‐y‐old children in LINA and 
15‐y‐old children in LISA together. Models 
were adjusted for gender, maternal history 
of atopy, mode of delivery, and prenatal 
tobacco smoke exposure. The effect sizes 
for each path of the mediation analysis are 
given as unstandardized b‐values with lower 
and upper confidence intervals (P < 0.05 *; 
P < 0.01**; P < 0.001***; P < 0.0001****)

TA B L E  1   Dunnett's test (P‐value) comparing specific IgE against aeroallergens (sx1/rx1) between asthmatic and nonasthmatic children of 
controls and wheezing endotypes in the LINA cohort

Compared phenotypes Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 8

Asthma vs Controls 1.0 0.952 0.291 0.028 0.0001 0.0001 0.0001

  Persistent 1.0 0.978 0.525 0.095 0.0006 0.0001 0.0001

  Late 1.0 1.000 0.977 0.946 0.138 0.044 0.011

  Transient 1.0 0.958 0.460 0.040 0.0002 0.0001 0.0001

P‐values < 0.05 are indicated in bold.

Compared phenotypes Age 2 Age 6 Age 10 Age 15

Asthma vs Controls 1.0 0.0001 0.0001 0.0001

  Persistent 1.0 0.0009 0.0001 0.0001

  Late 1.0 0.0019 0.0001 0.0001

  Transient 1.0 0.0001 0.0001 0.0001

P‐values < 0.05 are indicated in bold.

TA B L E  2   Dunnett's test (P‐value) 
comparing specific IgE against 
aeroallergens (sx1/rx1) between asthmatic 
and nonasthmatic children of controls and 
wheezing endotypes in the LISA cohort
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comparison by Dunnett's test; Table 1). From age 6 onward in both 
cohorts, asthmatic children also showed significantly higher sIgE 
concentrations compared to all wheezing endotypes including per‐
sistent wheeze (Tables 1/2). Similarly, total IgE (tIgE) was signifi‐
cantly different between groups over time (Figure 1A). However, 
differences in tIgE between wheezing endotypes and asthmatic chil‐
dren were less clear and consistent compared to sIgE (Tables 3/4).

Asthmatic children twice as often had high IgE concentrations 
(sIgE > 0.35 kU/L; tIgE > 100 kU/L) compared to healthy controls or 
any of the wheezing endotypes (Figure S2). Only in LINA, late‐onset 
wheezers also showed high sIgE levels, which most likely was related 
to those children not yet diagnosed with asthma during our observation 
period until the age of 8. Noteworthy, the persistent wheezing group 
was rather more similar to the healthy controls than to the asthma group.

Similarly to IgE, IL5RA mRNA expression was significantly in‐
creased only in children with asthma compared to controls and 
all wheezing endotypes starting at age 4 (Figure 1B). As demon‐
strated by adjusted generalized estimating equations (adjGEEs), 
tIgE, sIgE, and IL5RA showed a significant longitudinal association 
with the development of asthma (Table 5) but not with persistent 
wheezing or any other of the wheezing endotypes in both cohorts 
(IgE: Figure S3; IL5RA: data not shown). Within the LINA study, an 
increased expression of IL5RA was observed already at the age 
of 4 in children diagnosed with asthma (Figure 1B). Subsequent 

mediation analyses revealed that IL5RA expression transmits the 
effect of tIgE on asthma, as shown by a significant direct (unstan‐
dardized b = 0.41, CI = 0.19‐0.64) and indirect (unstandardized 
b = 0.16, CI = 0.06‐0.30) effect in a meta‐analysis based on LINA 
and LISA data (Figure 1C).

IL5RA is expressed on eosinophils, basophils, mast cells, and B 
cells. Unfortunately, we neither determined these cell types in the 
blood nor do we have protein data that might account for func‐
tional properties. Therefore, we were not able to identify the cel‐
lular source of this receptor in the context of asthma development 
within this study. A further limitation of this study is the parent‐re‐
ported physician‐diagnosed asthma, which might be less accurate 
as a diagnosis made in a clinical setting. In addition, there might be 
misdiagnosed asthma children within the persistent and late‐onset 
wheezing subgroups. Together with the low numbers of patients in 
the different subgroups, these limitations might have reduced the 
power of this study.

Nevertheless, this study provides interesting new data of poten‐
tial clinical relevance. For the first time, we show high resolved longi‐
tudinal IgE and IL5RA data in children with wheezing symptoms and 
asthma compared to healthy controls. Based on these data, a clear 
difference between persistent wheezing and asthma evolved, un‐
derlining the necessity to consider both endotypes as different enti‐
ties. Results of the mediation analyses suggest that the development 

TA B L E  3   Dunnett's test (P‐value) comparing total IgE between asthmatic and nonasthmatic children of controls and wheezing endotypes 
in the LINA cohort

Compared phenotypes Age 1 Age 2 Age 3 Age 4 Age 5 Age 6 Age 8

Asthma vs Controls 0.969 0.204 0.062 0.005 0.041 0.001 0.017

  Persistent 0.983 0.253 0.150 0.017 0.123 0.058 0.074

  Late 0.936 0.292 0.196 0.090 0.182 0.026 0.218

  Transient 1.000 0.515 0.318 0.051 0.169 0.011 0.004

P‐values < 0.05 are indicated in bold.

Compared phenotypes Age 2 Age 6 Age 10 Age 15

Asthma vs Controls 0.917 0.0001 0.0001 0.0001

  Persistent 0.998 0.015 0.0001 0.0001

  Late 0.997 0.024 0.0001 0.0001

  Transient 0.993 0.015 0.0001 0.0001

P‐values < 0.05 are indicated in bold.

TA B L E  4   Dunnett's test (P‐value) 
comparing total IgE between asthmatic 
and nonasthmatic children of controls and 
wheezing endotypes in the LISA cohort

 

LINA LISA

OR CI P‐value OR CI P‐value

sIgE 1.13 1.03‐1.22 0.006 1.46 1.33‐1.59 <0.0001

tIgE 1.20 1.06‐1.35 0.003 1.71 1.38‐2.11 <0.0001

IL5RA 1.04 1.03‐1.06 0.0001 —b

aAdjusted for gender, maternal history of atopy, parental educational level, mode of delivery, and 
prenatal tobacco smoke exposure (cotinine level). 
bRNA only available in the LISA cohort for age 15. 

TA B L E  5   Longitudinal association of 
specific IgE (aeroallergens sx1/rx1), total 
IgE, and IL5RA expression of asthmatic 
children compared to healthy controls in 
the LINA and LISA cohorts (wheezing 
children were excluded from these 
analyses; for results of wheezing 
endotypes, see Figure S3). Given are ORs 
with upper and lower 95% confidence 
intervals and P‐values from adjusted 
generalized estimating equations
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of asthma requires both a high IgE level and an increase in IL5RA 
mRNA expression. Furthermore, there is some evidence from the 
LINA study that IL5RA activation, studied here as IL5RA mRNA ex‐
pression, may occur already before the asthma phenotype is estab‐
lished (see Figure S4 showing IL5RA mRNA expression at the age of 
4 in those 7 children diagnosed with asthma later in life). Although 
this result is based on a small case number and therefore has to be 
interpreted with caution, our data may encourage further studies in 
this direction. In early life, high IgE levels and concomitant increase 
in IL5RA mRNA expression might help to distinguish children devel‐
oping asthma from those children with wheezing symptoms but who 
never will suffer from asthma.
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Differential effects of mesenchymal stem cells on T cells 
isolated from childhood allergies and autoimmune diseases

To the Editor,
Mesenchymal stem cells (MSCs) are multipotent stromal cell precur‐
sors and are involved in immunoregulation. They can suppress the 
maturation, proliferation, or effector function of a wide range of in‐
nate and adaptive immune cells, including T cells.1 Numerous studies 
have reported that MSCs can inhibit Th1 and Th17 cells and amelio‐
rate Th1‐ or Th17‐mediated autoimmune diseases.2,3 However, the 
effects of MSCs on Th2 cells and Th2‐mediated immune responses 
are not well understood. In addition, the therapeutic potential of 
MSCs in children with autoimmune diseases is rarely studied. In this 
study, we investigated the effect of MSCs on cultured Th2 cells and 
T cells isolated from children with allergic asthma and examined the 
therapeutic potential of MSCs in autoimmune disease by using blood 
samples from pediatric patients.

To study the effect of MSCs on the development of Th2 cells in 
vitro, CD4 T cells were cultured in Th2‐polarizing conditions in the 
presence or absence of MSCs and assayed Th2 cell function after 
5 days of culture. MSCs were isolated from choriodecidual tissues of 
human placenta (denoted as pcMSCs) as described in our previous 
study.4 pcMSCs markedly suppressed the production of interleukin 
(IL)‐4, IL‐5, and IL‐13 and proliferation of Th2 cells (Figure S1A‐C). 
We further investigated the suppression of Th cells already differ‐
entiated to the Th2 phenotype by pcMSCs. We demonstrated that 
pcMSCs downregulated CD25, IL‐4, IL‐5, and IL‐13 expression in Th2 
cells (Figure S1D‐F) and therefore suppressed the activation of Th2 
cells.

Further, we examined whether MSCs exerted a similar effect in 
Th2‐mediated asthma. We collected peripheral blood mononuclear 
cells (PBMCs) from children with allergic asthma. PBMCs were acti‐
vated using anti‐CD3 and anti‐CD28 antibodies in the presence or 

absence of pcMSCs. We determined the activation, proliferation, 
and cytokine production of stimulated T cells. A representative flow 
cytometry analysis of PBMCs is shown in Figure 1A. The suppressive 
effect of pcMSCs on the activation and proliferation of both CD4+ 

and CD8+ T cells was dose‐dependent (Figure 1B‐E). Remarkably, 
the Th2‐cytokine IL‐5 was dramatically reduced in the conditioned 
supernatant of PBMCs by pcMSC coculture and the suppression 
was found even at low MSC‐to‐PBMC ratio (1:80) (Figure 1F). Th1 
and Th17 cytokines (interferon (IFN)‐γ and IL‐17, respectively) were 
also downregulated by pcMSCs (Figure 1G and 1H). In addition, bone 
marrow–derived MSCs (bmMSCs) 5 also suppressed IL‐5 production 
(Figure 1I). The direct effect of MSCs on CD4+ T cells was defined by 
using purified CD4+ T cells (Figure S2). Hence, MSCs suppressed the 
activation, proliferation, and cytokine (especially IL‐5) production of 
T cells isolated from children with allergic asthma. Our results were 
consistent with the previous study,6 which showed that bmMSCs 
suppress the proliferation of PBMCs isolated from adult allergic 
asthmatic patients and this effect was allergen‐specific. However, 
we also observed a small number of patients whose T cells were not 
reactive under anti‐CD3 and anti‐CD28 antibody stimulation (Figure 
S3, MSC: PBMC = 0). Coculturing these nonreactive T cells with 
pcMSCs promoted their activation, proliferation, and cytokine pro‐
duction (Figure S3). Hence, apart from this exception, we inferred 
that MSCs could suppress the activation, proliferation, and cytokine 
(especially IL‐5) production of T cells isolated from children with  
allergic asthma.

We then studied the therapeutic potential of MSCs in pediat‐
ric autoimmune diseases. We isolated PBMCs from children with 
Henoch‐Schönlein purpura (HSP), juvenile idiopathic arthritis (JIA), 
and systemic lupus erythematosus (SLE). We found that pcMSCs 
did not have a consistent influence on the activation, proliferation, 
and cytokine production of T cells isolated from children with auto‐
immune diseases (Figure 2). This was not consistent with previous 
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Abbreviations: CFSE, carboxyfluorescein succinimidyl ester; MSCs, mesenchymal stem 
cells; PBMCs, peripheral blood mononuclear cells; pcMSCs, placenta choriodecidual 
tissue MSCs.




