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Brain-derived neurotrophic factor is increased in serum and skin levels of
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Summary

Background Chronic spontaneous urticaria is triggered by many direct and indirect
aggravating factors including autoreactive/autoimmune mechanisms, infections, non-
allergic and pseudoallergic intolerance reactions. However, the role of neuroimmune
mechanisms in chronic spontaneous urticaria so far is unclear.

Objective Thus, we wanted to address the regulation of the neurotrophin brain-derived
neurotrophic factor (BDNF) in serum and inflammatory skin of patients with chronic
spontaneous urticaria in comparison to subjects with healthy skin.

Methods Fifty adult patients with chronic spontaneous urticaria and 23 skin-healthy subjects
were studied. Chronic spontaneous urticaria was defined as recurrent weals for more than 6
weeks. Autologous serum skin test was performed in all patients with chronic spontaneous
urticaria and BDNF serum levels were analysed by enzyme immunoassay in all subjects.
Furthermore, skin biopsies were taken from weals of eight patients with chronic spontaneous
urticaria as well as from healthy skin of eight controls to evaluate the expression of BDNF and
its receptors including tyrosine kinase (trk) B and pan-neurotrophin receptor p75™'~ by
immunohistochemistry.

Results BDNF serum levels were detectable in all subjects studied. However, BDNF levels were
significantly higher in patients with chronic spontaneous urticaria compared to non-atopic
skin-healthy controls (P < 0.001). Furthermore, epidermal and dermal expression of BDNF and
epidermal expression of p75~ '~ was significantly higher in patients with chronic spontaneous
urticaria compared with controls (P<0.05-0.001). There was no difference with regard to the
expression of trkB between chronic spontaneous urticaria and controls and no difference in
BDNF serum levels between autologous serum skin test-positive (n = 23) and -negative
(n=27) patients with chronic spontaneous urticaria.

Conclusions and Clinical Relevance This study shows that BDNF is increased in serum and
diseased skin of patients with chronic spontaneous urticaria, suggesting a role for
neurotrophins in the pathophysiology of this chronic inflammatory skin disease. Further
studies are needed to address the functional role of BDNF on key target effector cells in
chronic spontaneous urticaria to establish new therapeutic implications.
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Introduction

central nerves [1]. In the meantime, it became evident that
neurotrophins exert a variety of immunomodulatory

Brain-derived neurotrophic factor (BDNF) belongs to the effects on non-neuronal cells including eosinophils,
family of neurotrophins, which have been well described  keratinocytes and mast cells which also produce
for their primary activity, the growth of peripheral and neurotrophins [2-9].
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Neurotrophins belong to a family of homologous pro-
teins that exert their effects primarily as target-derived
paracrine or autocrine neurotrophic factors. The biological
effects of neurotrophins are mediated by binding either to
the tyrosine kinase (trk) receptors to which mature neuro-
trophins bind with high affinity and specificity or the pan-
neurotrophin receptor p75 (p75"'%), a member of the
tumour necrosis factor (TNF) super family, to which
mature neurotrophins bind with low affinity and specifi-
city [10]. TrkA represents the specific receptor for nerve
growth factor (NGF), trkB for BDNF and neurotrophin
(NT)-4 and trkC for NT-3 [11]. The expression of these
neurotrophin receptors is widely distributed on neurons of
the peripheral and the central nervous system. In addition,
trkA-C and p75™'® receptors are expressed on non-neuro-
nal cells including smooth muscle cells, epithelial cells
and immune cells including eosinophils, keratinocytes,
melanocytes and mast cells [2, 5, 6, 8, 12-16].

The initial report about an increased NGF production in
allergic rhinitis (AR), atopic dermatitis and urticaria was
provided by Bonini and colleagues, indicating that pa-
tients with urticaria display significantly higher serum
levels of NGF compared with controls [17]. However, the
phenotype of urticaria (acute, chronic or physical) had not
been specified in the latter study. Several studies con-
firmed these increased levels of NGF in atopic diseases
including AR, allergic asthma and atopic dermatitis as
shown by us and others [7, 17-22]. Interestingly, also
BDNF levels are increased in AR, allergic asthma and
atopic dermatitis [7, 18, 19, 22].

Chronic spontaneous urticaria is a common skin dis-
order defined by the rapid appearance of highly pruritic
weals lasting <24 h for a time period of at least 6 weeks
and often for decades [23]. Interestingly, chronic sponta-
neous urticaria is often accompanied by the appearance
of angioedema which affects 50% of the patients. Because
of pruritus and sleeplessness, life quality is significantly
reduced [24]. In chronic spontaneous urticaria many direct
and indirect triggering and aggravating factors including
infections such as Helicobacter pylori, autoreactive/auto-
immune mechanisms, non-allergic/pseudoallergic intol-
erance reactions have been described [25]. Further, an
association between chronic spontaneous urticaria and
autoimmune disease has been recognized in a subset of
patients with functional IgG auto-antibodies (Ab) against
the high-affinity receptor for IgE (FceRIa) and less com-
monly against IgE. These patients have been described as
having a more severe and difficult-to-control urticaria. In
this regard, the autologous serum skin test was initially
proposed as a surrogate marker for urticaria auto-Ab.
However, the autologous serum skin test identifies pre-
sence of histamine releasing factors and displays only a
moderate specificity as a marker for functional auto-Ab
against IgE or FceRI [26]. Thus, the autologous serum skin
test is now used to define the autoreactivity of patients.

The inflammatory infiltrate in chronic spontaneous
urticaria includes mast cells, basophils, T lymphocytes
(CD4+ more than CD8+), monocytes, neutrophils and
eosinophil granulocytes [27, 28]. Mast cell degranulation
and histamine release are thought to play a major role in
pruritus of chronic spontaneous urticaria. However, with
regard to the inflammatory infiltrate and predominance of
eosinophil granulocytes other mediators than histamine
may be involved in the pathophysiology of chronic
spontaneous urticaria.

The role of neuroimmune mechanisms in chronic sponta-
neous urticaria is not clear so far. Thus, we first investigated
whether BDNF serum levels in chronic spontaneous urticaria
are different from control subjects with healthy skin.
Secondly we analysed whether BDNF levels differ between
the autologous serum skin test-positive and -negative
subtype of chronic spontaneous urticaria Finally we inves-
tigated whether expression of BDNF and its receptors differs
in inflammatory skin of patients with chronic spontaneous
urticaria compared with healthy skin of control subjects.

Methods

Patients

Chronic spontaneous urticaria was defined as recurrent
wealing occurring at least twice a week for more than 6
weeks. In patients with chronic spontaneous urticaria,
activity was assessed using the activity score as recom-
mended by the latest European guideline and previously
described [23, 29]. The grading includes a score from 0 to
3 according to the number of weals and the severity of
pruritus present at the time when blood samples were
collected: 0=no weals and no pruritus; 1=mild <20
weals/24 h and mild pruritus; 2 = moderate 20-50 weals/
24 h and moderate pruritus; 3 = intense > 50 weals/24 h or
large confluent areas of weals together with intense
pruritus. After informed consent (approved by the local
ethics committee) peripheral venous blood was obtained
from 50 individuals with chronic spontaneous urticaria
(mean age 49.0+21.0, n=22 with additional recurrent
angioedema) and 23 non-atopic subjects with healthy skin
(mean age 43.8+16.5 years). At the time of blood draw, all
patients were treated with second-generation antihista-
mines including ebastine, levocetirizine or desloratadine
ranging from one to four tablets per day [30]. Patients did
not receive systemic immunosuppressive treatment in-
cluding corticosteroids or cyclosporine A or treatment with
biologicals including anti-IgE therapy. Patients with phy-
sical urticaria were excluded from the study.

Autologous serum skin test

To perform the autologous serum skin test, we collected
peripheral blood from each individual in a standardized
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procedure at 9 o’clock in the morning. The serum was
stored at room temperature for half an hour with subse-
quent centrifugation. Thereafter, 50 L of serum were
injected intradermally at the volar site of the forearm.
Intradermal injection of saline solution (0.9% NaCl) was
performed as negative control and skin prick test with
10 mg/mL histamine was used as positive control. Reactions
showing a weal with a diameter of at least 3 mm greater
than the control saline solution were considered as positive.

Analysis of serum brain-derived neurotrophic factor levels

We used a commercial enzyme-linked immunosorbent
assay (BDNF: R&D Systems, Wiesbaden, Germany) to
assess BDNF serum levels, according to the manufac-
turer’s recommendations and as previously described [7,
18]. The specificity of the assay was confirmed by the
manufacturers, the detection limit was 23.4 pg/mL.

Immunohistochemical studies

Skin biopsies of eight patients with chronic spontaneous
urticaria were taken from weals that had appeared for
< 10h. Skin biopsies taken from healthy skin of eight
subjects with no history of atopic disease served as con-
trols. The tissue samples were fixed in buffered formalin,
dehydrated, embedded in paraffin wax and sectioned. After
deparaffining and rehydrating, each tissue section was
sliced into 6-pum-thick sections. Thereafter, H&E staining
was performed of the sections, respectively. Further,
immunohistochemistry was performed using the avidin-
biotin-peroxidase kit (Vectastain ABC-kit, Vector Labora-
tories Inc., Burlingame, CA, USA) as previously described
[7]. Primary antibody (Ab) or respective isotype control
diluted in antibody diluent (DAKO Cytomation, Hamburg,
Germany) were added and incubated for 24 h at 4 °C. For
primary Ab, we used a concentration of 1pg/mL p75"'%
[anti-human NGF receptor monoclonal Ab (mAb) directed
against the extracellular domain, clone NGFR5; NeoMar-
kers, Fremont, CA, USA] and 1 pg/mL trkB (mAb directed
against the extracellular domain; R&D Systems, Wiesha-
den, Germany). BDNF (anti-human BDNF polyclonal Ab,
Santa Cruz, CA, USA) was used in a dilution of 1:350. A

biotinylated goat anti rabbit or horse anti-mouse Ab was
used as secondary Ab. [sotype-specific control staining was
performed with monoclonal mouse IgG1 for p75'%, mono-
clonal mouse IgG2b for trkB and polyclonal rabbit IgG for
BDNF (all R&D Systems).

Microscopic assessment of immunohistochemical staining

For quantification, epidermal and dermal serial sections
excluding glands below the basement membrane were
analysed by three independent ‘blinded’ observers. At
least 10 high power fields were analysed in each sample.
BDNF, p75"™® and trkB immunoreactivity were assessed
using a grade from O to 4 (absent, weak, moderate, strong,
very strong) displayed as staining intensity [22]. All slides
were microscopically examined and photo-documented
(Olympus, Hamburg, Germany).

Statistical analysis

Statistical analysis was performed with the statistical soft-
ware package SigmaStat (SigmaStat for Windows, Jandel
Scientific Erkrath Wiesbaden, Germany). Data were analysed
with either Student’s t-test (normality test passed) or Man-
n-Whitney rank sum test (normality test failed). A P-value of
< 0.05 was considered to be statistically significant.

Results

Higher levels of serum brain-derived neurotrophic factor in
chronic spontaneous urticaria

BDNF serum levels were detectable in both non-atopic
controls with healthy skin and patients with chronic
spontaneous urticaria (Table 1). BDNF serum levels were
significantly higher in patients with chronic spontaneous
urticaria compared with the non-atopic skin-healthy sub-
jects (P<0.001) (Table 1). Twelve patients out of 50
patients with chronic spontaneous urticaria displayed
weals and pruritus at the day of blood taking. In these 12
patients we, however, did not find a correlation of BDNF
serum levels with the number of weals (data not shown) or
with the urticaria activity score (Table 1).

Table 1. Increased BDNF serum samples of patients with chronic spontaneous urticaria compared with non-atopic controls

Non-atopics, CU patients, ASST+CU, ASST-CU, UAS 0, UAS 1, UAS 2, UAS 3,
n=23 n=>50 n=23 n=27 n=38 n=6 n=3 n=3
BDNF (ng/mL) 6.57£0.17 13.1940.327%** 12.7040.56 13.6140.36 13.23+£0.33 13.27+0.77 12.30+1.36 13.48+3.43

Increased levels of BDNF serum samples in patients with chronic spontaneous urticaria (n=50) compared with non-atopic healthy subjects (non-

atopics, n=23,

**%P<0.001, Student’s t-test). BDNF serum levels did not correlate with autologous serum skin test (ASST) or urticaria activity score (UAS). Displayed

are mean BDNF levelststandard error of the mean.

BDNF, brain-derived neurotrophic factor; CU, chronic spontaneous urticaria.
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No difference of brain-derived neurotrophic factor serum
levels between autologous serum skin test-positive and
negative patients

To analyse whether autoreactivity may play a role in
BDNF regulation we performed the autologous serum skin
test in all patients with chronic spontaneous urticaria.

Fig. 1. Representative H&E staining of inflammatory skin derived from a
patient with chronic spontaneous urticaria (CU, magnification x200).
The inflammatory infiltrate in CU includes T lymphocytes and eosinophil
granulocytes (magnification x400). e, epidermis; d, dermis.

Twenty-three patients with chronic spontaneous urticaria
had a positive autologous serum skin test (mean age
51.61+22.0 years, n=13 with recurrent angioedema),
whereas 27 patients with chronic spontaneous urticaria
had a negative autologous serum skin test (mean age
42.6+23.2 years, n =9 with recurrent angioedema). Inter-
estingly, there was no difference of BDNF serum levels
between patients with positive autologous serum skin test
or patients with negative autologous serum skin test with
chronic spontaneous urticaria (Table 1).

Increased expression of brain-derived neurotrophic factor
and p75"™ in the skin of patients with chronic
spontaneous urticaria

Histology revealed the presence of an inflammatory
infiltrate consisting mainly of eosinophil granulocytes
and lymphocytes (Fig. 1). To further analyse the regula-
tion of BDNF in the involved skin we performed an
immunohistochemical analysis of skin biopsies in patients
with chronic spontaneous urticaria (Fig. 2a) and non-
atopic controls with healthy skin (Fig. 2b). BDNF expres-
sion was significantly higher in the epidermis (P<0.05,
Fig. 2c) and dermis (P<0.05, Fig. 2d) of skin samples
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Fig. 2. Regulation of BDNF in inflammatory skin of chronic spontaneous urticaria [CU, (a)] and in non-atopic healthy skin [NA, (b)]. BDNF expression
(displayed as staining intensity) was significantly higher in the epidermis [(c), *P<0.05, Student’s t-test] and dermis [(d), *P<0.05, Student’s t-test] of
patients with CU (n = 8, black bars) compared with controls with healthy skin (n = 8, white bars). Asterisks point to eosinophil granulocytes in the skin of
a patient with CU (a). e, epidermis; d, dermis; BDNF, brain-derived neurotrophic factor.

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-8



Regulation of brain-derived neurotrophic factor in chronic spontaneous urticaria 5

Table 2. Expression of BDNF and receptors in the skin of patients with chronic spontaneous urticaria compared with controls

BDNF epidermal BDNF dermal  p75™'R epidermal p75"™® dermal  TrkB epidermal TrkB dermal
Chronic spontaneous urticaria, n=8  3.19+0.44* 2.940.45* 3.4240.10%** 3.004+0.28 0.01-+0.00 0.6140.10
Non-atopics, n=8 1.19+0.57 1.57+0.39 0.79+0.33 2.05+0.40 0.29+0.0.22 0.99+0.31

Higher expression of epidermal BDNF and p75"™®

and dermal BDNF expression in the skin of patients with chronic spontaneous urticaria compared with

non-atopic controls (*P<0.05; ***P<0.001, Student’s t-test). Displayed is mean staining intensity+standard error of the mean.

BDNF, brain-derived neurotrophic factor; trk, tyrosine kinase.
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Fig. 3. Expression of p75"™® in the skin of chronic spontaneous urticaria [CU, (a)] and healthy skin [NA, (b)]. Displayed is one representative histology
out of eight different individuals. Asterisk marks eosinophilic infiltrate in CU. Increased expression of p75"'® in the epidermis (e, epidermis) of patients
with chronic spontaneous urticaria (CU, black bars, n = 8) compared with controls with healthy skin [NA, white bars, n =8, (c), ***P<0.001, Student’s t-

test]. Dermal (d, dermis) expression of p75N'~

different individuals for CU and NA, Student’s t-test].

derived from patients with chronic spontaneous urticaria
compared with control subjects with healthy skin (Figs
2a-d, Table 2). Further, epidermal expression of p75~'%
was significantly higher in chronic spontaneous urticaria
patients compared to controls (P<0.001, Figs 3a-c, Table
2). However, we did not find a significant difference in
dermal p75""™® (Fig. 3d, Table 2) and epidermal as well as
dermal expression of trkB between controls and chronic
spontaneous urticaria patients (Figs 4a-d, Table 2).

Discussion

This study provides evidence for higher serum and skin
levels of the neurotrophin BDNF in patients with chronic

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-8

was similar in patients with CU (black bars) and controls with healthy skin [NA, white bars, (d), n=8

spontaneous urticaria compared with non-atopic control
subjects with healthy skin. Interestingly, BDNF levels did
not differ between autologous serum skin test-positive
and -negative chronic spontaneous urticaria patients
implying that BDNF regulation does not depend on auto-
reactivity in chronic spontaneous urticaria. Another find-
ing was that increased BDNF levels did not correlate with
disease activity. This can possibly be explained by the fact
that the majority of patients with chronic spontaneous
urticaria included in the study already received a
sufficient symptomatic therapy with H1 antihistiamines,
as 38 patients had no pruritus and no weals at the time of
blood taking. Only 12 out of 50 patients with chronic
urticaria displayed symptoms although treated with H1
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Fig. 4. Expression of trkB in the skin of chronic spontaneous urticaria
[CU, (a)] compared with healthy non-atopic skin [NA, (b)]. No differences
in the expression of trkB in the epidermis [(c), Mann-Whitney rank sum
test] and dermis [(d), Mann-Whitney rank sum test] of patients with CU
(black bars, n=8) and controls with healthy skin (NA, white bars, n=8)
could be observed. e, epidermis; d, dermis; trk, tyrosine kinase.

antihistamines, ranging from mild (n=6) to moderate
(n=3), and severe (n = 3). Furthermore, the analysis of the
number of weals and the score of pruritus within one
single day may not reflect the whole spectrum of disease
activity as chronic spontaneous urticaria attacks includ-
ing pruritus and weals occur unpredictably during the day
or night.

Bonini and colleagues were the first to address a role of
neurotrophins in patients with urticaria [17]. Analysing
serum levels of NGF, they found increased levels in
urticaria patients compared with healthy controls. In
another study, it was found that NGF and BDNF levels
were not increased in urticaria, which may be explained
by methodological differences as these authors assessed
extremely low levels of all neurotrophins and included
patients with a very low severity score with no need for
symptomatic treatment [31]. In the skin of patients with
chronic, acute and delayed pressure urticaria it was shown
that NGF expression was weak with no difference com-
pared with skin-healthy controls [32]. With regard to the
finding of Bonini and colleagues it is interesting to note
that other chronic inflammatory skin diseases also includ-
ing atopic dermatitis are characterized by increased levels
of NGF and BDNF and a correlation to disease severity as
shown by us and others [18-20]. Thus, neurotrophins

seem to be involved in the pathophysiology of several
atopic and non-atopic inflammatory skin diseases.

It is well known that neurotrophins exert immunomo-
dulatory functions not only on nerves but also on immune
cells which has been best characterized for NGF [33].
Regarding BDNF we previously showed that it has a
functional role on eosinophil granulocytes [7]. BDNF-
induced chemotaxis and inhibited apoptosis of peripheral
blood eosinophils of patients with the extrinsic type of
atopic dermatitis, whereas BDNF had no functional effect
on eosinophils derived from non-atopic skin-healthy
subjects [6, 7]. In this regard, our data support our in vitro
finding of BDNF-induced eosinophil chemotaxis with
increased numbers of eosinophils in the skin of patients
with chronic spontaneous urticaria possibly regulated by
the increased expression of BDNF. Keratinocytes, which
have been shown to synthesize and store BDNF [5] are
likely candidates for the increased expression of BDNF in
lesional skin of patients with chronic spontaneous urti-
caria. In this regard, keratinocytes may be activated by
TNF-o [34], which is significantly increased in chronic
spontaneous urticaria lesional skin [35]. Interestingly, we
found a higher expression of p75™'X in the epidermis of
patients with chronic spontaneous urticaria compared
with healthy skin of controls, but there was no difference
in dermal p75"'® expression. This finding is in contrast to
the analysis of Hermes et al. [32], who assessed a lower
expression of p75"'® in the endothelium but only if they
pooled all subtypes of urticaria including chronic, acute
and delayed pressure urticaria compared with skin-
healthy individuals. Epidermal and dermal trkB expres-
sion was almost not present in both chronic spontaneous
urticaria and healthy skin of controls. In chronic sponta-
neous urticaria, this could be due to the increased expres-
sion of BDNF with subsequent trkB receptor binding in
skin lesions. However, it would also be interesting to see
whether healthy skin of patients with chronic sponta-
neous urticaria displays a different expression of BDNF in
comparison to skin affected by weals, which we will
address in a future study.

Our results further point to an important role of
eosinophils in the inflammatory reaction of chronic
spontaneous urticaria, as shown by the frequent eosino-
phil invasion in chronic spontaneous urticaria inflamma-
tory skin. Indeed, the role of eosinophils in chronic
spontaneous urticaria pathophysiology is also supported
by the observation that anti-CD23 autoantibodies are
present in about 65% of patients and that these antibodies
can activate eosinophils which in turn release major basic
protein and activate mast cells [36]. Further, eosinophils
are the main cellular source of vascular endothelial
growth factor in addition to tissue factor as assessed with
double stainings in lesional skin of patients with chronic
spontaneous urticaria, underlining their role in chronic
spontaneous urticaria pathophysiology [37, 38]. In

© 2011 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-8
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addition, eosinophils have also been described to produce
and release BDNF in patients with atopic dermatitis [7].
However, so far no functional data are available which
would reflect the action of BDNF on peripheral blood
eosinophils in patients with chronic spontaneous urticaria.

In conclusion, our data add novel aspects to the regula-

tion and expression of BDNF in chronic spontaneous
urticaria, suggesting a role of BDNF in the pathophysiology

of this chronic inflammatory skin disease. Further inves-
tigations will need to address the functional role of BDNF

on key target effector cells in chronic spontaneous urti-

caria to reveal novel treatment strategies.
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