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The production, storage and release of the neurotrophins nerve growth factor,
brain-derived neurotrophic factor and neurotrophin-3 by human peripheral
eosinophils in allergics and non-allergics
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Summary

Background Recent studies have shown that neurotrophins are produced by and can act on several
immune-inflammatory cells. The origin of circulating as well as local neurotrophins is unknown.
Objectives The aim of this study was to assess whether eosinophils of allergic and non-allergic
donors produce, store and release the neurotrophic factors NGF, BDNF and NT-3.

Methods Eosinophils were purified by negative immunoselection (purity > 96%) from allergic
asthmatics and non-allergic donors (25 to 53 years). The presence of mRNA for neurotrophic factors
was evaluated by reverse transcription PCR. Specificity was demonstrated by cloning products and
sequencing. Stored NGF, BDNF and NT-3 was demonstrated by Western-blotting and flow
cytometry. Eosinophils were incubated and supernatants were collected for measurement of neuro-
trophic factors after cell stimulation with PAF. Neurotrophin content in eosinophil lysates was
determined by ELISA.

Results  Eosinophils demonstrate mRNA for neurotrophins. Proteins were detectable by Western
blot and FACS analysis. Neurotrophins were found in the eosinophil lysates at different amounts
comparing allergic and non-allergic donors. Cell stimulation with PAF (10*-10"> M) after priming
with GM-CSF leads to a dose-dependant release of NGF and BDNF.

Conclusions Eosinophils store, produce and release NGF, BDNF and NT-3. They are a possible
source of elevated neurotrophin levels found in allergy and asthma.
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Introduction

Nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF) and neurotrophin 3 (NT-3) belong to a well-described
group of mediators sharing high homology. These neurotro-
phins play an important role in the development, function and
survival of neuronal cells [1] as well as for the production of
neuropeptides [2]. Responsiveness of cells to neurotrophins is
modulated by the activation of their specific high affinity recep-
tors trkA, trkB, trkC and their low affinity unspecific receptor
p75[3].

Numerous recent studies have described that neurotrophins,
especially NGF, are not only essential for neurones but also
represent an important inflammatory mediator. Neurotrophin
receptors have been found on various immune cells like
lymphocytes and mast cells [4]. The differentiation of mast
cells, T and B cells and basophiles is influenced [5-8]. Besides
neuronal cells and astrocytes, also immune cells like T and
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B cells, mast cells and basophiles [5] but also fibroblasts as
structural cells are known to produce NGF [9, 10].

The role of neurotrophins in various immune diseases is
discussed [11, 12]. Elevated plasma levels were found in patients
suffering from asthma, with the highest levels in allergic asth-
matics [13, 14]. After segmental allergen provocation, an in-
crease of the neurotrophins NGF and BDNF in the
bronchioalveolar lavage fluid has been described in the late
phase reaction (LAR) [15]. The LAR is characterized by the
influx of eosinophils and activated T cells into the tissue. Eo-
sinophils are main effector cells of allergic inflammation. In a
previous study we were able to confirm that untreated allergic
asthmatics demonstrated increased levels of the neurotrophins
NGF, BDNF and NT-3. Circulating levels decreased after
treatment with inhalative corticosteroids [16]. In animal experi-
ments, NGF was able to induce bronchial hyper-responsiveness
(BHR) [17,18].

The production of NGF by eosinophils has been described
[19]. The appearance in LAR as well as the demonstrated in-
creased levels in allergic diseases and asthma provides a role for
eosinophils as the origin of neurotrophins in allergic diseases.
The aim of the presented study was to evaluate if eosinophils are
a source of the neurotrophins NGF, BDNF and NT-3.
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Methods

Subjects

We studied 21 subjects, 11 patients with allergic asthma and 10
healthy controls. Allergy diagnosis was made on the basis of
detailed history and skin prick test to common inhalative aller-
gens, with at least one reaction equal to that of histamine
control. Asthmatics were treated with a stable dose of inhaled
corticosteroids and salbutamol as rescue medication (Table 1).
Informed consent was given by all subjects.

Isolation of eosinophils

Eosinophils were purified from the peripheral blood as previ-
ously described [20, 21]. One hundred and twenty millilitres of
venous blood was collected and left to sediment in 6% dextran
(Sigma Chemicals, St Louis, MO, USA). Leucocytes were cen-
trifuged on Ficoll-Paque (density 1.077) (Biochrome) for 25 min
at 700 g. Neutrophils in the granulocyte-enriched pellet were
tagged with micromagnetic beads to anti-CD16 antibodies
(Miltenyi, Biotech GmbH, Bergisch Gladbach, Germany).
The tagged cells were eliminated by passing them through a
magnetic field (MACS). Eosinophils were collected at high
purity of >96% assessed by flow cytometry using anti-CD16
PE conjugated and anti-CD 49d FITC conjugated antibodies
(Coulter Immunotech, Marseille, France) and cytospins at a
viability of more than 95% as assessed by flow cytometry with
propidium iodide and trypan blue staining (Sigma Chemicals).

Culture of isolated eosinophils

Isolated eosinophils were cultured in RPMI 1640 medium con-
taining 10% FCS; 5% penicillin/streptomycin on six-well plates.
Stimulation experiments were performed under approved con-
ditions in medium supplemented 50 ng/mL GM-CSF to prime
cells[22]. Cellswerestimulated with concentrations of 10°-10M
platelet activating factor (PAF). After 24 h cells were centri-
fuged and cell culture supernatant collected.

Determination of neurotrophin content in eosinophils and
culture supernatants

To determine the content of NGF, BDNF and NT-3 in eosino-
phils, freshly isolated eosinophils were lysated. Neurotrophic
factors were detected in sandwich ELISAs according to the
manufacturer’s instructions for NGF, BDNF and NT-3 (R
and D Systems, Minneapolis, MN, USA). All assays were per-
formed on F-bottom 96-well plates (Nunc, Wiesbaden,
Germany). Tertiary antibodies were conjugated to horseradish

Table 1. Baseline characteristics of the study subjects

Asthmatics Non-allergic
Characteristics (h=11) (n=10)
Female 6 4
Male 5 6
Age (yr)* 28 (22-50) 27 (25-33)
FEV, (% predicted)* 83 (60.8—-99) 100 (87.5-115)
BDP (ug/day)* 653 (200—2000) 0
IgE (IU/L)* 354 (120-2000) 11.7 (4-42.4)

*Values are median (range).

peroxidase. Wells were developed with tetramethylbenzidine
and measured at 450 nm. Neurotrophin content was quantified
against a standard curve calibrated with known amounts of
protein. The detection limits were < 4 pg/mL for NGF/BDNF
and < 8pg/mL for NT-3. Measurements were performed in
duplicate and are expressed as means. Cross-reactivity to re-
lated neurotrophic factors was less than 3% for all three ana-
lysed neurotrophins.

Protein electrophoresis and Western immunoblotting

Briefly, 10° human peripheral eosinophils were homogenized on
ice with 1.5% SDS, 62.5mwm Tris-HCI buffer, pH 6.8, supple-
mented with 1% nonidet P-40 (NP-40), 5% mercaptoethanol,
2 mM PMSF; 50 uL of proteinase inhibitors (Sigma) were added.
Lysates were centrifuged at 15000g for 15min, and super-
natants were collected as total lysate. Protein content was meas-
ured at 562 nm according to manufacturers instructions (BCA,
Pierce, Rockford, IL, USA). Aliquots were stored at — 80 °C
until used. SDS-PAGE and Western blot were performed as
previously described [23-25]. Samples of protein (50 pug) were
loaded onto a 10 to 20% polyacrylamide gel and electrophor-
esed in parallel with a molecular weight marker (Bio-Rad,
Hercules, CA, USA). Recombinant NGF, BDNF and NT-3
were used as standard. Proteins were blotted on supported
nitrocellulose membrane (Schleicher and Schuell, Keene, NH,
USA), Western immunoblotting was performed using 1:500
rabbit polyclonal anti-human NGF, BDNF or NT-3 antibody
(Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) and
1:10000 horseradish peroxidase-linked donkey anti-rabbit
secondary antibody (Amersham Pharmacia Biotech Inc., Pis-
cataway, NJ, USA). The blot was analysed using a chemilumin-
escence system (ECL, Amersham Life Sciences, Uppsala,
Sweden). For absorption control experiments, the membrane
was stripped of bound antibody, and 1° antibody was incubated
with blocking peptide overnight before reprobing as previously
described.

RNA isolation and reverse transcription PCR amplification

Total RNA was extracted from approximately 10° (highly pure)
freshly prepared eosinophils by using the commercial RNeasy
kit (Qiagen). First-strand cDNA synthesis reaction was cata-
lysed by AMYV reverse transcriptase and oligo(dT) primer
according to the manufacturer’s instructions (Boehringer, In-
dianapolis, IN, USA). The generated complementary DNA was
amplified in a total volume of 25 uL. with 1.25 U of Taq DNA
polymerase and 0.2 mmol/L dNTP mixture, 0.4 pmol/L of neu-
rotrophin primers [26, 27] (Table 2). Neurotrophin mRNA has
been shown to be present in HMC-1 cells [28]. cDNA of this
mast cell line was used as a positive control. The thermocycler
(MWG Biotech, Ebersberg, Germany) was used for the PCR
amplifications with the following settings: 36 cycles, 94 °C for
1 min, 60 °C for 1 min, and 74 °C for 1 min. The PCR-products
were size-fractionated on 1.5% agarose gels, stained with
ethidium bromide, and visualized under UV-light. The PCR-
products for NGF (167 bp), BDNF (296 bp) and NT-3 (176 bp)
were ligated in the pGEM®-T-Vector (Promega, Mannheim,
Germany) and transformed in E. coli (JM109, Promega). The
resulting clones identified by blue/white screening were se-
quenced. The identity with the published sequences (GenBank:

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:649-654



Table 2. Primer
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NT Upstream (5'-3) Downstream (5'-3') Size (bp)
NGF TAA AAA GCG GCG ACTCCG TT3 ATT CGC CCC TGT GGA AGA TG3 167 bp
BDNF AGC CTCCTCTGC TCTTTC TGC TGG A CTTTTG TCT ATG CCCCTG CAGCCTT 296 bp
NT-3 TTT CTC GCT TAT CTC CGT GGC ATCC GGC AGG GTGCTCTGG TAATTTTCCT 176 bp

XM 058005 NGF; XM 006027 BDNF; NM 002527 NT-3) was
confirmed.

Intracellular staining and flow cytometry

Approximately 10° cells were fixed with paraformaldehyde
(PFA) and permeabilized with 0.025% saponin. Cells were in-
cubated for 1h in 50 pL AB serum containing either 20 puL
antibody to either NGF, BDNF or NT-3 or antibody pre-
incubated overnight with specific blocking peptide (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA). Cells were
washed with PBS supplemented with 2% FCS and 0.1% sap-
onin, followed by incubation with a secondary anti-rabbit
FITC conjugated antibody for 1h. Isolated eosinophils were
washed again with PBS containing 4% PFA. Fluorescence was
analysed by flow cytometry (Epic XL, Coulter, Brea, CA,
USA).

Statistical analysis

Results are presented as mean values + SEM. Values were com-
pared by using the non-parametric test for independent ( Whit-
ney-Mann U-test) or dependant ( Wilcoxon signed rank test)
values with SPSS Version 10 (SPSS Inc., Chicago, IL, USA).
P-values < 0.05 were regarded as significant.

Results

RNA isolation and reverse transcription PCR amplification

Each cDNA sample from isolated eosinophils or cultured
HMC-1 cells demonstrated GAPDH amplification products
of the expected size (167 bp). There was no evidence of genomic
amplification product. During PCR amplification, control re-
actions were negative for amplification products, demonstrat-
ing that the PCR method and reagents used yielded specific
amplified products only when a cDNA source was included.
Specific bands of RNA encoding for NGF, BDNF as well as
NT-3 were detectable in all samples after reverse transcription
(Fig. 1). Sequence analysis demonstrated the specificity of the
PCR reaction (data not shown).

Protein electrophoresis and Western immunoblotting

To confirm the expression of the neurotrophins NGF, BDNF
and NT-3 at the protein level, soluble extracts from isolated
eosinophils and recombinant proteins as controls were immu-
noblotted using specific antibodies. As shown in Fig. 2, specific
bands were detectable for the neurotrophins NGF, BDNF and
NT-3. The specificity was confirmed by the fact that the staining
was absorbed by pre-incubation of antibodies with excess
amount of blocking peptide.
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Fig. 1. RT-PCR amplificates of the neurotrophins NGF, BDNF and NT-3.
Lane 1: 100 bp ladder. Lanes 2 to 5: samples. Lane 6: positive control.
Lane 7: negative control. Positive control was performed with cDNA from
HMC-1 cells. Negative control was performed by adding isolated RNA.
Lanes 2 and 3 represent samples of non-allergic donors, while 4 and 5
were isolated from allergic asthmatics.
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Fig. 2. Western blot analysis of NGF, BDNF and NT-3 protein. Lanes 1 to
8: samples. Lane 9: positive control. Recombinant proteins were used as
positive control. Lanes 1 to 4 represent protein samples isolated from
asthmatic donors, while 5 to 8 are from non-allergic origin.

Determination of neurotrophin content in eosinophils and
culture supernatants

The neurotrophins NGF, BDNF and NT-3 were detectable in
cell lysates and cell culture supernatants in different amounts
between different individuals. To avoid differences in cell
counts in the lysates neurotrophin content was divided by pro-
tein content. To avoid changes by difference in cell count values
were calculated to a number of 10° cells.

Evaluating the values of cellular neurotrophin content
allergic asthmatics demonstrated a significant lower amount
of BDNF (allergic asthmatics, 0.3 + 0.06 pg/ug protein;
non-allergics, 1.2 + 0.3 pg/ug protein; P < 0.05). NGF demon-
strated constantly higher levels without reaching statistical sig-
nificance. No difference in NT-3 content was detectable (Fig. 3).
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Fig. 3. Neurotrophin content of eosinophil lysates. Differences between
allergics and non-allergics. The neurotrophin content was referred on
total protein content of lysates. Data are presented in pg/mg protein.

*P < 0.05.

Cell stimulation with PAF leads to a dose-dependent release of
the neurotrophins NGF and BDNF (Fig. 4), while NT-3 was
rarely detectable in supernatants and stimulation did not dem-
onstrate constant release. Comparing allergic vs. healthy per-
sons, allergic asthmatics released a higher amount of NGF
and a lower amount of BDNF without reaching statistical
significance.

Intracellular staining and flowcytometry

To demonstrate the content of the neurotrophins in intact cells
intracellular staining was performed. FACS analysis showed
positive results for NGF and BDNF as well as NT-3 for 60%
of cells in three repeated experiments with cells of asthmatics

(Fig. 5).

Discussion

This study shows that human eosinophils are able to produce,
store and release the neurotrophins NGF, BDNF and NT-3.
These cells characteristic for the cellular phenotype of allergic
asthma are a source of locally and probably also circulating
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Fig. 4. Determination of NGF and BDNF in cell culture supernatants

after 24 h stimulation with PAF. Mean values calculated on 10° cells.
*P < 0.05, **P <0.01.

neurotrophins. Increased neurotrophin serum levels have been
reported in allergic diseases, with the highest circulating levels in
allergic asthmatics [14]. Increased levels in BAL fluid after
segmental allergen provocation in LAR have also been reported
[15]. In this study we have been able to demonstrate the produc-
tion of neurotrophins on RNA as well as on protein level.
Produced neurotrophins are released in response to a stimulus
such as PAF. Therefore we conclude that eosinophils are a
source of both circulating and local neurotrophins. The content
of NGF in the isolated eosinophils of allergic asthmatics is
higher than for our non-allergic group, while BDNF content
is lower. This imbalance, demonstrated for the first time, might
be an indicator of different physiological functions of neuro-
trophins in the regulation of inflammatory processes. Different
roles are well known with respect to their influence on neuronal
cells where BDNF is suggested to demonstrate tissue protecting
abilities for inflammatory brain lesions [10]. Imbalance of pro-
and anti-inflammatory mediators might lead to local inflam-
mation causing airway hyper-responsiveness. In a previous
study we reported increased neurotrophin levels in untreated
allergic asthmatics, which decreased after treatment with in-
haled corticosteroids [16]. With respect to the demonstrated
lower content of BDNF in eosinophils the elevated number of
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Fig. 5. FACS analysis of intracellular staining of NGF, BDNF and NT-3
with and without blocking of the antibodies with excess amount of
blocking peptide. Single experiment out of three with eosinophils isolated
from asthmatic donors.

these cells in allergic diseases and the production of neurotro-
phins by other immune cells and also structural cells have to be
important for circulating levels.

An important pathway triggering airway inflammation is
neurogenic inflammation. Substance P is increased in lavage
fluids of allergics [29]. Activated eosinophils increase the
amount of SP. Known activators except MBP failed to increase
neuropeptides in dorsal root ganglion cells [30]. The expression
of neurotrophins, activators of neuropeptide synthesis, might
be an explanation [31]. NGF, as the best known NT, not only
increases SP expression in airway neurones but changes the
neuronal phenotype [32]. The increased level of neuropeptides
also influences eosinophil function. Substance P is a chemoat-
tractor for eosinophils.

Neurotrophin receptors are expressed on various immune
cells [7, 33]. Allergic inflammation with the migration of eosino-
phils and the release of these mediators therefore influences
inflammatory cells. This paracrine pathway influences acti-
vation as well as differentiation of immune cells in inflamed
tissue.

Neurotrophins also influence eosinophil function. NGF acti-
vates these cells. The influence on survival is controversial
[19,34]. The production of the neurotrophins NGF, BDNF
and NT-3 might influence eosinophil function by an autocrine
pathway. In view of this, the difference in cellular content of
NGF and BDNF might influence the appearance of allergic
inflammation in the airways of asthmatics.

Eosinophils produce neurotrophins 653

Production, storage and release of neurotrophins by eosino-
phils provides a novel aspect to understand the role of eosino-
phils in the pathogenesis of allergic inflammation.

References

1 Chun LL, Patterson PH. Role of nerve growth factor in the
development of rat sympathetic neurons in vitro. I. Survival,
growth, and differentiation of catecholamine production. J Cell Biol
1977; 75:694-704.

2 Amann R, Sirinathsinghji DJ, Donnerer J, Liebmann I, Schuligoi R.

Stimulation by nerve growth factor of neuropeptide synthesis in the

adult rat in vivo: bilateral response to unilateral intraplantar

injections. Neurosci Lett 1996; 203:171-4.

Johnson D, Lanahan A, Buck CR et al. Expression and structure of

the human NGF receptor. Cell 1986; 47:545-54.

4 Santambrogio LBM, Chao MV. Nerve growth factor production by
lymphocytes. J Immunol 1994; 15:4488-92.

5 Leon A, Buriani A, Dal Toso R et al. Mast cells synthesize, store,
and release nerve growth factor. Proc Natl Acad Sci USA 1994;
91:3739-43.

6 Welker P, Grabbe J, Grutzkau A, Henz BM. Effects of nerve growth
factor (NGF) and other fibroblast-derived growth factors on
immature human mast cells (HMC-1). Immunology 1998; 94:310-7.

7 Torcia MB-LL, Lucibello M. Nerve growth factor is an autocrine

survival factor for memory B lymphocytes. Cell 1996; 85:345-56.

Bischoff SC, Dahinden CA. Effect of nerve growth factor on the

release of inflammatory mediators by mature human basophils.

Blood 1992; 79:2662-9.

9 Lambiase A, Bracci Laudiero L, Bonini S et al. Human CD4" T cell
clones produce and release nerve growth factor and express high-
affinity nerve growth factor receptors. J Allergy Clin Immunol 1997;
100:408-14.

10 Kerschensteiner M, Gallmeier E, Behrens L et al. Activated human

T cells, B cells, and monocytes produce brain-derived neurotrophic

factor in vitro and in inflammatory brain lesions: a neuroprotective

role of inflammation? J Exp Medical 1999; 189:865-70.

Bracci Laudiero L, Aloe L, Levi Montalcini R et al. Increased levels

of NGF in sera of systemic lupus erythematosus patients.

Neuroreport 1993; 4:563-5.

12 Falcini F, Cerinic MM, Ermini M et al. Nerve growth factor
circulating levels are increased in Kawasaki disease: correlation with
disease activity and reduced angiotensin converting enzyme levels.
J Rheumatol 1996; 23:1798-802.

13 Lambiase A, Bonini S, Micera A, Magrini L, Bracci Laudiero L,
Aloe L. Increased plasma levels of nerve growth factor in vernal
keratoconjunctivitis and relationship to conjunctival mast cells.
Invest Ophthalmol Vis Sci 1995; 36:2127-32.

14 Bonini S, Lambiase A, Angelucci F, Magrini L, Manni L, Aloe L.
Circulating nerve growth factor levels are increased in humans with
allergic diseases and asthma. Proc Natl Acad Sci USA 1996;
93:10955-60.

15 Virchow JC, Julius P, Lommatzsch M, Luttmann W, Renz H,
Braun A. Neurotrophins are increased in bronchoalveolar lavage
fluid after segmental allergen provocation. Am J Respir Crit Care
Med 1998; 158:2002-5.

16 Noga O, Hanf G, Schiper C, Kunkel G. The influence of inhaled
corticosteroids on circulating NGF, BDNF and NT-3 in allergic
asthmatics. Clin Exp Allergy 2001; 12:1906-12.

17 Braun A, Appel E, Baruch R et al. Role of nerve growth factor in a
mouse model of allergic airway inflammation and asthma. Eur
J Immunol 1998; 28:3240-51.

18 de Vries A, Dessing M, Engels F, Henricks P, Nijkamp F. Nerve
growth factor induces a neurokinin-1 receptor-mediated airway

w

oo}

1

—

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:649-654



654 0. Noga et al.

20

21

22

23

24

25

26

hyperresponsiveness in guinea pigs. Am J Respir Crit Care Medical
1999; 159:1541-1544.

Solomon A, Aloe L, Pe’er J, Frucht Pery J, Bonini S,

Levi Schaffer F. Nerve growth factor is preformed in and activates
human peripheral blood eosinophils. J Allergy Clin Immunol

1998; 102:454-60.

Hansel TT, Pound JD, Pilling D et al. Purification of human blood
eosinophils by negative selection using immunomagnetic beads.

J Immunol Meth 1989; 122:97-103.

Miltenyi S, Muller W, Weichel W, Radbruch A. High gradient
magnetic cell separation with MACS. Cytometry 1990; 11:231-8.
Levi Schaffer F, Temkin V, Malamud V, Feld S, Zilberman Y. Mast
cells enhance eosinophil survival in vitro: role of TNF-alpha and
granulocyte-macrophage colony-stimulating factor. J Immunol
1998; 160:5554-62.

Laemmli UK. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 1970; 227:680-5.
Cleveland DW, Fischer SG, Kirschner MW, Laemmli UK. Peptide
mapping by limited proteolysis in sodium dodecyl sulfate and
analysis by gel electrophoresis. J Biol Chem 1977; 252:1102-6.
Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of
proteins from polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc Natl Acad Sci USA 1979;
76:4350-4.

Moretto G, Xu RY, Walker DG, Kim SU. Co-expression of mRNA
for neurotrophic factors in human neurons and glial cells in culture.
J Neuropathol Exp Neurol 1994; 53:78-85.

27

28

29

30

3

—

32

33

34

Wordinger R, Lambert W, Agarwal R, Talati M, Clark A. Human
trabecular meshwork cells secrete neurotrophins and express
neurotrophin receptors (Trk). IOVS 2000; 41:3833-41.

Tam SY, Tsai M, Yamaguchi M, Yano K, Butterfield JH, Galli SJ.
Expression of functional TrkA receptor tyrosine kinase in the
HMC-1 human mast cell line and in human mast cells. Blood 1997;
90:1807-20.

Nieber K, Baumgarten C, Rathsack R, Furkert J, Oechme P,
Kunkel G. Substance P and beta-endorphin-like immunoreactivity
in lavage fluids of subjects with and without allergic rhinitis.

J Allergy Clin Immunol 1992; 106:199-201.

Garland A, Necheles J, White SR et al. Activated eosinophils elicit
substance P release from cultured dorsal root ganglion neurons. Am
J Physiol 1997; 273:1.1096-102.

Malcangio M, Garrett NE, Cruwys S, Tomlinson DR. Nerve
growth factor- and neurotrophin-3-induced changes in nociceptive
threshold and the release of substance P from the rat isolated spinal
cord. J Neurosci 1997; 17:8459-67.

Hunter DD, Myers AC, Undem BJ. Nerve growth factor-induced
phenotypic switch in guinea pig airway sensory neurons. Am

J Respir Crit Care Med 2000; 161:1985-90.

Nilsson G, Forsberg Nilsson K, Xiang Z, Hallbook F, Nilsson K,
Metcalfe DD. Human mast cells express functional TrkA and are a
source of nerve growth factor. Eur J Immunol 1997; 27:2295-301.
Hamada A, Watanabe N, Ohtomo H, Matsuda H. Nerve growth
factor enhances survival and cytotoxic activity of human
eosinophils. Br J Haematol 1996; 93:299-302.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:649-654



