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Summary

Background Recent studies suggest that neurotrophins have a pivotal role in neuroimmune
interactions. Indeed, in contrast to nonatopic subjects (NA), neurotrophins have been shown
to be increased in atopic diseases such as allergic rhinitis (AR) and atopic dermatitis (AD).
Aim The aim of the study was to assess the functional role of nerve growth factor (NGF),
brain-derived neurotrophic factor (BDNF), neurotrophin (NT)-3 and -4 and the expression of
pan-neurotrophin receptor (p75NTR) and tyrosine kinase (trk)A, -B and -C on peripheral blood
eosinophils in AR, AD and NA.
Methods Peripheral blood eosinophils of patients with AR, AD and NA were purified by CD16
negative selection (purity4 98%). Neurotrophin receptor expression was analysed by FACS
analysis. Apoptosis test (FACS analysis) and chemotactic index (modified Boyden chamber
assay) were assessed after stimulation with BDNF, NT-3/-4 and NGF.
Results The expression of trkA-C and p75NTR was significantly higher in AD4AR4NA
(Po0.05–0.001). Apoptosis was significantly inhibited by BDNF, NGF, NT-3 in AD
(Po0.05–0.001), by NT-3/-4 and NGF in AR (Po0.05–0.01) and by NT-3 (Po0.05–0.01) in NA
eosinophils. Chemotaxis was significantly induced by BDNF and NT-3/4 (Po0.01–0.001) in
AD peripheral blood eosinophils.
Conclusion Neurotrophin receptor expression and neurotrophin functional activity was
greatest in AD4AR4NA. AD eosinophils are pre-activated and may therefore better
respond to neurotrophins. With this study, we provide new pathophysiologic insights into
atopic diseases with a functional role of neurotrophins in peripheral blood eosinophils in AD
and AR.
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Introduction

Recent studies suggest that neurotrophins are important
mediators for the bidirectional interaction between key
target effector cells and peripheral nerves in the allergic
inflammatory response [1]. Indeed, neurotrophins have
long been regarded as neuronal mediators only. However,
it has become evident that neurotrophins not only have a
functional role in peripheral or central nerves but also in
immune cells. Neurotrophins belong to a subgroup of
structurally related proteins, including nerve growth fac-
tor (NGF), brain-derived neurotrophic factor (BDNF),

neurotrophin (NT)-3 and -4. Their actions are mediated
via the pan-neurotrophin receptor (p75NTR) to which all
mature neurotrophins bind with low affinity and specifi-
city [2, 3]. In addition, neurotrophins bind with high
affinity and specificity to receptors of the tyrosine kinase
(trk) family. NGF binds to trkA, BDNF and NT-4 to trkB
and NT-3 to trkC [4].

Neurotrophin receptors are expressed on several
immune cells such as T and B cells [5, 6]. Also, peripheral
blood eosinophils express neurotrophin receptors as
shown by Noga et al. [7] in asthmatic subjects and by us
[8] in atopic dermatitis (AD) and nonatopic healthy
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subjects (NA). Interestingly, we revealed a higher expres-
sion of p75NTR and trkB in AD peripheral blood eosino-
phils compared with NA, suggesting that the activation
process of eosinophils might have an impact on neuro-
trophin receptor up-regulation [8].

In allergic asthma, several animal studies give evidence
for a functional role of neurotrophins in bronchial hyper-
reactivity and the enhancement of the inflammatory
response [9, 10]. In AD, we have recently shown that
neurotrophins are increased in the peripheral blood in
comparison with other chronic inflammatory skin diseases
such as psoriasis, underlining their possible impact in
atopic diseases [11]. In addition, we have found evidence
for an anti-apoptotic and chemotactic effect of BDNF on
peripheral blood eosinophils of AD [8]. Peripheral blood
eosinophils are also a source of neurotrophins, as shown by
us for BDNF and by others for NGF, NT-3 and NT-4 [8, 12,
13]. However, the functional role of neurotrophins and
neurotrophin receptor expression in peripheral blood eosi-
nophils in atopic diseases such as allergic rhinitis (AR), AD
and NA still remains unclear. Therefore, the aim of our
study was to assess whether there is (i) a difference of
neurotrophin receptor expression, (ii) a functional role of
neurotrophins and (iii) a difference of neurotrophin func-
tional activity in highly purified peripheral blood eosino-
phils of patients with AR and AD compared with NA.

Methods

Subject groups

Fifteen NA served as a control group (no history of AR,
asthma or AD, no increased total IgE levels, no specific IgE
Ab for at least seven frequent aeroallergens, negative skin
prick test (SPT) reaction to a panel of 10 common
aeroallergens); 15 patients with AR (history of intermit-
tent AR, no AD, no asthma, increased total IgE levels,
specific IgE Ab and positive SPT reactions to at least three
out of 10 common aeroallergens); and 15 patients with AD
of extrinsic type (positive history of AR, increased total
IgE levels, specific IgE Ab and positive SPT reactions to at
least three of ten frequent aeroallergens), defined accord-
ing to the criteria of Hanifin and Rajka with a SCORAD
score of at least 10%, were included in the study. All
participants gave informed written consent to the study,
which was approved by the medical ethics committee of
the Hannover Medical School, Germany. None of the
participants received any systemic or local immunosup-
pressive treatment for 2 weeks. All blood samples were
taken out of the pollen season in winter time.

Blood samples and purification of eosinophils

Peripheral venous blood was obtained at nine o’clock in
the morning to prevent daily variations. Eosinophils were

isolated by Ficoll density gradient centrifugation and
subsequent CD16 negative selection with CD16 microbe-
ads (Mitenyi Biotechs, Bergisch Galdbach, Germany) as
described previously [8, 14]. Eosinophil purity was >98%
as assessed by FACS analysis (CD49d/CD16) and Kimura
staining. Eosinophil viability was >99% as assessed by
trypan blue dye exclusion.

Detection of neurotrophin receptors

2�105 eosinophils were incubated with primary Ab (1–5
mg/mL), all directed against the extracellular domain such
as p75NTR (mAb clone NGFR5; NeoMarkers, CA, USA),
trkA-C (mAb; R&D Systems, Wiesbaden, Germany) or
respective isotype controls (mAb IgG1 for p75NTR, mAb
IgG2a for trkA, mAb IgG2b for trkB/C, all R&D Systems)
for 1 h at 4 1C. After washing steps, eosinophils were
incubated with goat F(ab0)2 fragment anti-mouse IgG-
FITC (Beckman Coulter, Marseille, France) for 30 min at
4 1C. Cells were analysed with a FACScan (Becton Dick-
inson, San Jose, CA, USA). Non-viable cells were gated out
of the window and at least 10 000 events were analysed.

Eosinophil survival in vitro

1�106 eosinophils were resuspended in culture medium
and added to a 24-well flat-bottomed culture plate in 1 mL
aliquots. Eosinophils were stimulated with 10, 50 and
100 ng/mL BDNF, NT-3, NT-4 or NGF (50, 100, 500,
1000 ng/mL) (with endotoxin level o0.1 ng per 1 mg of
cytokine, all R&D Systems), C5a (10� 8 mol/L), GM-CSF
(10 ng/mL) or dexamethasone (10� 6 mol/L) (all Sigma-
Aldrich Chemicals, Schnelldorf, Germany). Eosinophils
were incubated at 37 1C, 5% CO2 for 24 up to 120 h in
RPMI 1640 with 10% heat-inactivated FCS including 2 mM

L-glutamine, 10 000 U/mL penicillin and 10 mg/mL strep-
tomycin (Seromed, Biochrome AG, Germany). Viability
was assessed by trypan blue dye exclusion. Those eosino-
phils that excluded trypan blue after a 5-min incubation
were considered to be viable cells.

Cytofluorometric analysis of eosinophil apoptosis

Apoptotic eosinophil nuclei were distinguished by their
hypodiploid DNA content with the modified protocol of
Nicoletti, as described previously [8, 15]. In addition,
apoptosis was assessed with annexin-V propidium iodide
labelling (Annexin V kit, Pharmingen, San Diego, CA,
USA) as described previously [8]. The cells were analysed
by flow cytometry within 1 h.

Chemotaxis assay

Chemotactic activity was assessed with Boyden chambers,
which were filled with stimuli such as BDNF, NT-3/-4
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(50 ng/mL, respectively), NGF (1000 ng/mL) or C5a
(10� 8 mol/L) as positive control and covered with poly-
carbonate filters (8 mm diameter). One hundred micro-
litres of an eosinophil suspension, concentration 5�105

per mL, was added to each chamber. After incubation for
3 h at 37 1C, the cells migrated to the lower part of the
Boyden chambers and were lysed by adding 0.1% Triton
X-100. b-glucuronidase activity in the lysates was deter-
mined photometrically using p-nitrophenyl b-glucuro-
nide as a substrate. Values were calculated by a
computer-assisted technique from a standard curve
using known numbers of unchallenged eosinophils. Che-
motactic activity was presented as a chemotactic index
with the ratio of the number of migrating cells in the
presence of stimulus/migrating cells in the presence of
the medium.

Materials

If not otherwise stated, reagents were obtained from
Sigma-Aldrich Chemicals.

Statistical analysis

Statistical analysis was performed with the statistical
software package SigmaStat (SigmaStat for Windows,
Jandel Scientific, Erkrath, Wiesbaden, Germany). Data
were analysed with either Student’s t-test (normality
test passed) or the Mann–Whitney rank sum test (normal-
ity test failed). A P-value o0.05 was considered to be
statistically significant.

Results

Increased expression of p75NTR, tyrosine kinase A, B and C
on eosinophils of patients with atopic dermatitis

Using FACS analysis, p75NTR and trkA-C receptor expres-
sion was detected on highly purified peripheral blood
eosinophils in all the groups studied. The p75NTR expres-
sion was significantly higher in AD (mean� SEM
24.9� 4.2) compared with AR (11.9� 5.4; Po0.05) and
NA eosinophils (8.4� 2.1; Po0.001) (Fig. 1). The highest
expression of trkA was obtained in AD eosinophils
(6.7� 1.8) compared with AR (1.7� 1.2; Po0.05) and NA
(2.9� 0.8; Po0.05). The number of trkB- and trkC-posi-
tive peripheral blood eosinophils was highest in AD
(25.4� 4.6 for trkB; 12.7� 3.2 for trkC), with a significant
difference compared with NA (9.7� 2.5 trkB; 4.6� 1.8
trkC; Po0.05–0.01), however, with no significant differ-
ence as compared with eosinophils of AR (14.7� 6.7 for
trkB; 9.1� 2.6 for trkC; Fig. 1).

Neurotrophins inhibit apoptosis of peripheral blood
eosinophils derived from patients with atopic dermatitis
and allergic rhinitis

Peripheral blood eosinophils of AR and AD have a delayed
programmed cell death in comparison with NA [15]. We
confirmed these data in the present study. Stimulation of
AD and AR eosinophils with NT-3 significantly inhibited
apoptosis. In AR, a dosage of 100 ng/mL NT-3 was
sufficient to inhibit eosinophil apoptosis (Po0.05–0.01,
24–120 h, data not shown), whereas in AD, eosinophils’
lower concentrations (50 ng/mL) of NT-3 significantly
inhibited eosinophil apoptosis (Po0.05–0.001, Fig. 2a).
Also, in NA, NT-3 (100 ng/mL) significantly inhibited
peripheral blood eosinophil apoptosis from 24 to 120 h in
culture (Po0.05–0.01, data not shown). Stimulation of AD
eosinophils with BDNF 10, 50 and 100 ng/mL, respec-
tively, inhibited apoptosis in a dose-dependent manner.
This was statistically significant for BDNF 10 ng/mL at 24,
72 and 120 h (Po0.05, data not shown) and for BDNF
50 ng/mL at each time-point from 24 up to 120 h in
culture (Po0.05–0.001, Fig. 2b). In contrast, BDNF stimu-
lation did not modulate eosinophils apoptosis in NA and
AR (data not shown). NT-4 (10 and 50 ng/mL) significantly
inhibited peripheral blood eosinphil apoptosis in AR
(Po0.05–0.01, data not shown), whereas there was no
effect of NT-4 in AD and NA eosinophils. We could not
find any functional effect of NGF using concentrations of
50, 100 and 500 ng/mL in all the subjects studied. How-
ever, stimulation of AD and AR eosinophils with NGF
1000 ng/mL significantly inhibited apoptosis at 24–120 h
(Po0.05–0.01, for AD eosinophils, see Fig. 2c), whereas
this effect was not found in NA eosinophils (data not
shown). GM-CSF was used as an apoptosis-inhibiting
control. The inhibition of peripheral blood eosinophil
apoptosis by GM-CSF was twofold stronger compared to

Fig. 1. Expression of neurotrophin receptor p75NTR, tyrosine kinase (trk)
A–C on highly purified peripheral blood eosinophils of patients with
atopic dermatitis (AD) (black bar, n = 15), allergic rhinitis (AR) (grey bar,
n = 11–15) and healthy control subjects (CO, unfilled bar, n = 15). Results
are presented as mean�SEM (�Po0.05; ��Po0.01; ���Po0.001).
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the stimulation with BDNF, NT-3 and NGF (data not
shown).

Brain-derived neurotrophic factor, neurotrophin-3 and
neurotrophin-4 induce chemotaxis of eosinophils from
patients with atopic dermatitis

BDNF (mean chemotactic index� SEM; 1.38� 0.07),
NT-3 (1.54� 0.15), NT-4 (1.79� 0.19) and C5a
(1.71� 0.21) significantly induced eosinophil chemotaxis
in AD eosinophils (Po0.05–0.001) (Fig. 3), whereas
this effect was not shown for NGF (1.45� 0.28). Stimula-
tion of peripheral blood eosinophils of AR with
BDNF (mean chemotactic index� SEM, 0.96� 0.15),
NT-3 (1.41� 0.29), NT-4 (1.08� 0.17) and NGF
(0.99� 0.21) had no effect on the induction of chemo-
taxis, whereas C5a (2.30� 0.40) significantly induced

chemotaxis as compared with culture in medium (Po0.05,
data not shown). In NA, BDNF (1.15� 0.19), NT-3
(1.08� 0.047), NT-4 (1.12� 0.12) and NGF (1.00� 0.14)
did not induce eosinophil chemotaxis, whereas C5a, which
was used as a positive control, significantly induced eosi-
nophil chemotaxis (1.76� 0.25; Po0.05).

Discussion

Neurotrophins have been assessed in allergic diseases and
their pivotal role has been described recently in several
allergic inflammatory diseases including asthma, rhinitis
and AD [8–11, 16–21]. It is well known that neurotrophins
exert immunomodulatory functions not only on nerves
but also on immune cells, which has been best character-
ized for NGF [22], the prototype of neurotrophins. How-
ever, investigations of neurotrophin-mediated effects on
peripheral blood eosinophils – being potent effector cells
in allergic inflammation of the skin, upper and lower
airways – have not been compared thus far.

With our study, we provide evidence for the different
expression profiles of neurotrophin receptors on periph-
eral blood eosinophils of atopic diseases such as AR and
AD compared with nonatopic healthy controls. Interest-
ingly, we found the highest expression of p75NTR and
trkA–C receptors in AD, followed by AR, whereas the
receptor expression was the lowest in nonatopic control
subjects. The expression of neurotrophin receptors in
patients with airway allergy confirms the data of Noga
et al. [7], who assessed the expression of trkA, -B and -C
neurotrophin receptors on peripheral blood eosinophils in
patients with AR and asthma. The high expression of
neurotrophin receptors in AD could be explained by the
fact that peripheral blood eosinophils of AD are pre-
activated as shown by us previously [15, 23]. Indeed, the
inflammatory response in AD affects a much larger organ
in comparison with AR, giving another explanation as to
why peripheral blood eosinophils may be more activated
than in AR.

Fig. 2. Detection of eosinophil apoptosis displayed as percentage of apoptotic nuclei incubated with medium (dot) or with neurotrophins (square).
Significant inhibition of peripheral blood eosinophil apoptosis of atopic dermatitis patients after stimulation with neurotrophin (NT)-3 50 ng/mL (n = 15)
(a), brain-derived neurotrophic factor (BDNF) 50 ng/mL (n = 15) (b) and nerve growth factor (NGF) 1000 ng/mL (n = 15) (c) compared with the stimulation
in medium alone after 24–120 h (x-axis) in culture (�Po0.05; ��Po0.01; ���Po0.001).

Fig. 3. Induction of chemotaxis displayed as a chemotactic index of
atopic dermatitis peripheral blood eosinophils after stimulation with
brain-derived neurotrophic factor (BDNF), neurotrophin (NT)-3, NT-4
and nerve growth factor (NGF) (n = 10 respectively; results are presented
as box-blot graphs with median (line within the box) and interquartile
range (�Po0.05; ��Po0.01; ���Po0.001). C5a served as a positive
control and induced chemotaxis in an expected manner.
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We also assessed the functional activity of neurotro-
phins by analysing chemotactic activity of BDNF, NT-3
and NT-4 on AD eosinophils. In our study, we could not
find evidence for an induction of chemotaxis by NGF.
Hamada et al. [24] assessed an induction of eosinophil
chemotaxis by NGF with lower concentrations (50 ng/mL)
and they also assessed an inhibition of peripheral blood
eosinophil apoptosis with these NGF concentrations in
NA. We could not find a functional effect of NGF with
concentrations of 50, 100 and 500 ng/mL. However, using
1000 ng/mL NGF we assessed an inhibition of eosinophil
apoptosis in AD and AR, which have per se a delayed
programmed cell death in comparison with NA. We,
therefore, used this high NGF dosage for investigating
chemotactic activity.

In our study, NGF was able to inhibit peripheral blood
eosinophil apoptosis, as well as BDNF, and NT-3 in AD. In
AR, NGF, NT-4 and NT-3 inhibited eosinophil apoptosis
whereas in NA, only NT-3 was able to inhibit eosinophil
apoptosis. Peripheral blood eosinophils are a source of
NGF and capable of releasing NGF on immunologic
stimuli [13, 25]. Eosinophils also contain NT-3 and NT-4
as shown previously [12, 13]. In addition, peripheral blood
eosinophils are a source of BNDF [8]. However, in the
latter study, we only assessed a release of BDNF after
stimulation of eosinophils with platelet-activating factor
in AD and not in NA [8]. This underlines that eosinophils
are not only a source of neurotrophins but are also
capable of releasing neurotrophins such as BDNF at least
in AD, which offers another explanation as to why these
eosinophils may better respond to neurotrophins.

To summarize, our data provide evidence for the
different up-regulation of neurotrophin receptors as
well as their functional activities on peripheral blood
eosinophils derived from patients with atopic diseases.
AD seems to be the major target with regard to neuro-
trophin functional activity and receptor expression on
peripheral blood eosinophils. As neurotrophins are
capable of functioning bidirectionally between target
effector cells and peripheral nerves, our findings reveal
new pathophysiologic insights into AD pointing to
neuroimmune interactions. Whether or not neuro-
trophins may also be expressed in allergic inflammatory
skin such as AD needs to be addressed in future studies.
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