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Abstract
Background—Multiple sensory neuro-
peptides are present in human airways
and may contribute to diseases such as
asthma. This study quantified and charac-
terised substance P (SP), neurokinin A
(NKA), and calcitonin gene related peptide
(CGRP) immunoreactivity in broncho-
alveolar lavage fluid in asthmatic and nor-
mal subjects.
Methods—Using specific radioimmuno-
assay (RIA), SP, NKA and CGRP were
measured in bronchoalveolar lavage fluid
from asthmatic subjects (n = 5), normal
subjects (n = 5), atopic non-asthmatic
subjects (n = 6), and asthmatic subjects
four hours after allergen challenge (n =
12). Peptide immunoreactivity was char-
acterised using high performance liquid
chromatography (HPLC) and RIA.
Results—No SP or CGRP immunoreac-
tivity was detected in any of the fractions
from samples after extraction, HPLC, and
RIA. Non-specific binding resulted in
spurious SP immunoreactivity being de-
tected in bronchoalveolar lavage fluid
when no extraction process was employed.
NKA was detected in significant amounts
in asthmatic (median 550, range 425–
625 pg/ml) and normal subjects (median
725, range 350–1425 pg/ml). The level of
NKA was significantly higher in the asth-
matic subjects after allergen challenge
(median 750, range 350–1250 pg/ml) than
in unchallenged asthmatic subjects (me-
dian 600, range 425–600 pg/ml, p<0.01).
Conclusions—Extraction and characteri-
sation of peptides from bronchoalveolar
lavage fluid must be performed to ensure
that the measured immunoreactivity rep-
resents target peptide. NKA is present in
bronchoalveolar lavage fluid in high con-
centrations and is the predominant tachy-
kinin. The concentrations of NKA are
similar in normal subjects and subjects
with mild asthma.
(Thorax 1998;53:357–362)
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The diVuse neuroendocrine system consists of
specialised endocrine cells and peptidergic
nerves and is present in all organs of the body
including the respiratory tract.1 Peptides can be
localised to pulmonary nerves, pulmonary
veins, cells of the pulmonary endothelium, and

bronchial epithelial endocrine cells.1 Peptides
localised to nerves can be divided into those
that are localised to the parasympathetic and
sympathetic nerves in the airways and those
that are associated with sensory nerves in the
bronchial epithelium. Peptides associated with
sensory nerves in humans include the tachy-
kinins substance P (SP) and neurokinin A
(NKA) and the related peptide calcitonin gene
related peptide (CGRP), and coexist in the
same nerve fibres.2 Great interest has sur-
rounded these sensory neuropeptides in the
respiratory tract since in vitro they cause many
of the features of asthma such as bronchocon-
striction, mucus secretion, and airway
oedema.3

Previous studies have measured levels of SP
in lavage fluid4–6 but the other sensory neuro-
peptides NKA and CGRP have not been
examined. The aim of this study was to meas-
ure and characterise SP, NKA, and CGRP-like
immunoreactivity in bronchoalveolar lavage
(BAL) fluid in normal subjects and subjects
with mild asthma. The study also determined
whether a diVerence was observed in peptide
levels in asthmatic subjects four hours after
allergen exposure.

Methods
All subjects (n = 25, age range 18–37 years,
table 1) were recruited on a voluntary basis and
gave informed written consent to take part in
the study, which was approved by the Faculty
of Medicine Research ethics committee of The
Queen’s University of Belfast. Asthma was
defined according to the American Thoracic
Society as a history of intermittent wheeze,
cough, or chest tightness on allergen exposure
or exercise.7 Subjects were excluded if there
was any history of smoking, diabetes, current
pregnancy, cardiac or renal disease, or any
chest disease other than asthma. Asthmatic
subjects had current asthma defined as symp-
toms within the past 12 months and atopy was
defined as positive skin test to one or more of
four common environmental allergens (house
dust mite (Dermataphagoides pterynonissimus,
HDM), mixed grass pollen, cat, and dog; Bio-
diagnostics). All atopic subjects were sensitive
to HDM with a positive skin test and HDM
specific IgE in the serum measured by radioal-
lergosorbent test (RAST; Pharmacia Ltd). In
atopic subjects sensitive to grasses all studies
were performed outside the grass pollen season
(May to July). Asthmatic subjects on theophyl-
line, inhaled steroids, or cromoglycate or those
who had taken oral steroids in the preceding
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four weeks were also excluded to ensure
recruitment of asthmatic subjects with mild
clinical disease and no recent exacerbations.
Prior to attending for each study day, asthmatic
subjects were advised to omit inhaled â2

agonists for the preceding 12 hours.

INHALATION CHALLENGES

Methacholine challenge (Sigma-Aldrich Com-
pany Ltd) was performed using the tidal
breathing method of Cockroft et al.8 Allergen

challenge was performed in a similar fashion
with inhalation of increasing doses (500 units/
ml, 1000 units/ml, 5000 units/ml HDM
antigen solution) until forced expiratory vol-
ume in one second (FEV1) fell by at least 20%
from the baseline value or the maximum
concentration of HDM had been inhaled.
Three asthmatic subjects were studied on two
separate occasions with and without allergen
challenge (subjects 18, 19 and 23, table 1).
After initial recruitment and assessment the
subject groups were non-challenged asthma
(unchallenged, n = 5), allergen challenged
asthma (n = 12), atopic non-asthmatic control
(ANA, n = 6), and non-atopic non-asthmatic
control (normal, n = 5).

BRONCHOSCOPY AND BRONCHOALVEOLAR LAVAGE

On a subsequent day subjects attended for
bronchoscopic examination. Challenged asth-
matics underwent allergen inhalation chal-
lenge with HDM (PD20 allergen) at 08.30
hours. All bronchoscopies were performed at
12.30 hours using a standardised technique.
The bronchoscope (Olympus IT20D) was
inserted under direct vision via the nasal or
oral route and local anaesthesia (1% ligno-
caine) was administered as required to sup-
press coughing. The bronchoscope was
wedged in the medial or lateral segment of the
right middle lobe and bronchoalveolar lavage
(BAL) was performed (3 × 60 ml aliquots of
sterile isotonic phosphate buVered saline, pre-
warmed to 37°C). The fluid was aspirated and
the return samples pooled and placed immedi-
ately on ice.

Table 1 Age, sex, atopic status, baseline spirometric indices and subject group

Patient no. Age (yr) Sex IgE (U/l)
RAST
HDM†

PC20*
(mg/ml)

FEV1 (l)
(% predicted)

FVC (l)
(% predicted) EAR‡ (%)

Non-atopic non-asthma
1 21 M 12 0 44.2 5.34 (113) 7.46 (131)
2 22 M 14 0 64 4.02 (92) 5.05 (97)
3 22 M 57 0 16 3.89 (96) 5.46 (115)
4 21 M 6 0 128 5.47 (121) 6.44 (119)
5 21 M 7 0 55 4.93 (114) 5.81 (114)

Atopic non-asthma
6 21 M 222 2 21.8 5.35 (113) 6.28 (113)
7 29 F 174 2 64 4.69 (151) 6.26 (162)
8 22 M 137 3 >128 4.86 (106) 5.59 (102)
9 26 M 14 2 46 3.91 (96) 5.15 (105)
10 21 M 54 3 6.4 5.62 (125) 6.96 (129)
11 21 M 274 2 32 4.71 (107) 6.12 (118)

Allergen challenged asthma
12 36 M 27 3 0.28 3.05 (91) 5.15 (126) 30
13 28 F 266 5 0.2 2.38 (74) 4.34 (108) 37
14 22 M 121 4 0.18 3.24 (78) 5.86 (119) 21
15 23 M 159 5 5.72 6.59 (155) 8.15 (160) 50
16 23 M 291 4 12.9 4.29 (103) 6.0 (121) 48
17 37 F 153 2 0.9 2.48 (87) 3.73 (104) 38
18 18 F 297 6 3.17 2.73 (96) 3.67 (114) 41
19 21 M 152 3 0.8 4.79 (108) 6.59 (128) 21
20 21 F 1556 6 0.45 3.41 (99) 4.53 (99) 52
21 19 M 163 4 8.4 5.3 (128) 5.8 (117) 23
22 22 M 802 5 3.9 4.54 (103) 5.23 (99) 21
23 26 M 161 4 3 4.06 (104) 5.78 (124) 41

Unchallenged asthma
24 19 M 1256 6 0.5 3.95 (91) 5.25 (102)
25 25 M 15 3 7.8 4.67 (107) 6.9 (132)
18 18 F 297 6 2.9 2.62 (96) 5.7 (115)
19 21 M 152 3 1.0 4.08 (92) 6.18 (120)
23 26 M 161 4 3.4 3.82 (96) 4.3 (94)

Three asthmatic subjects (nos 18, 19, 23) were studied on two separate occasions (post challenge and unchallenged).
*Concentration of methacholine (PC20) causing a 20% fall in FEV1.
†Radioallergosorbent test to house dust mite (RAST HDM) is given as 0–6 (0 = negative, 6 = strongly positive).
‡EAR is the maximal recorded fall in FEV1 in the first hour after allergen challenge on the day of bronchoscopy.

Figure 1 Reverse phase HPLC chromatogram showing retention times for synthetic
neurokinin A (NKA), neurokinin B (NKB), and substance P (SP). A µ-Bondapak C-18
reverse phase column was used and was eluted with a gradient from TFA/water (0.1:99.9)
to TFA/water/acetonitrile (0.1:89.9:10) in three minutes and then to TFA/water/
acetonitrile (0.1:54.9:45) over the next 45 minutes at a flow rate of 1.5 ml/min. Fractions
were collected each minute, lyophilised and reconstituted prior to radioimmunoassay. The
suYxes “ox” and “red” refer to oxidised and reduced peptide, respectively.
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PROCESSING OF LAVAGE FLUID

The lavage fluid was centrifuged at 200g, 4°C,
for 10 minutes and the cell free supernatant
was placed in 9 ml aliquots into polypropylene
tubes containing acetic acid (1 ml, 2 M). To
this a protease inhibitor cocktail was added
consisting of 1,10 phenanthroline (Sigma-
Aldrich Company Ltd, final concentration
5 mM), PMSF (Sigma-Aldrich Company Ltd,
final concentration 0.5 mM), and E-64
(Sigma-Aldrich Company Ltd, final concentra-
tion 10 µM). All samples were frozen and
stored at –70°C.

NEUROPEPTIDE ASSAYS

SP and NKA
SP-like immunoreactivity was measured using
an anti serum (SP-152) highly specific for the
whole molecule9 which was raised in rabbit to
synthetic human SP. It shows no significant
cross reactivity with NKA, neurokinin B
(NKB), and neuropeptide K (NPK).9 NKA-
like immunoreactivity was measured using a
C-terminal specific anti-serum (SK-570)
which was raised in rabbit to synthetic human
NKA. It cross reacts fully with NKB and NPK
but less than 0.1% with SP.9 Using mono-
iodinated, reverse phase HPLC purified tracers
the SP assay can detect 0.5 pg per assay tube
and the NKA assay 2 pg per assay tube.9

CGRP
CGRP immunoreactivity was measured using
a commercial CGRP human radioimmuno-
assay (RIA) kit (catalogue number RIK009,
Peninsula Laboratories). This antibody is a
rabbit anti-human CGRP peptide (II) anti-
body. The label was 125I-Tyr0-CGRP (catalogue
number Y6011). The sensitivity was 45 pg per
assay tube and the antibody cross reacts 100%
with human CGRP (II), human CGRP, and rat
CGRP. It cross reacts <0.001% with rat calci-
tonin C-terminal adjacent peptide and less
than 0.02% with insulin, glucagon, somato-
statin, SP, vasoactive intestinal peptide, and
gastrin releasing peptide.

EXTRACTION AND ASSAY

C18 Sep-pak cartridges (Waters Associates)
were used to extract peptides from lavage fluid.
Lavage fluid (10 ml) was passed four times
through the cartridge to bind peptides to the
hydrated gel in the cartridge. The peptides
were eluted using 0.1% v/v trifluoroacetic acid
(TFA) in acetonitrile and the eluent allowed to
evaporate to dryness at room temperature. The
samples were then reconstituted in assay buffer
(40 mM sodium phosphate pH 7.4 with 2%

Figure 2 Reverse phase HPLC chromatograms for one
subject. Lavage fluid (10 ml) was reconstituted in 0.1%
TFA in water and added to the column.NKA
immunoreactivity in the sample eluted at the same time as
oxidised NKA.
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Table 2 Substance P (SP) immunoreactivity after assay of raw lavage fluid without employing an extraction process

Non-atopic non-asthma Atopic non-asthma Allergen challenged asthma Unchallenged asthma

Patient
no.

SP-LI
pre-extraction
(pg/ml)

Patient
no.

SP-LI
pre-extraction
(pg/ml)

Patient
no.

SP-LI pre-extraction
(pg/ml)

Patient
no.

SP-LI
pre-extraction
(pg/ml)

1 64 6 70 12 50 24 68
2 332 7 46 13 152 25 72
3 72 8 148 14 192 18 72
4 308 9 48 15 112 19 44
5 60 10 56 16 82 23 112

11 52 17 68
18 100
19 220
20 82
21 110
22 40
23 100

SP-LI=substance P-like immunoreactivity.
Three asthmatic subjects (nos 18, 19, 23) were studied on two separate occasions (post challenge and unchallenged).No SP immuno-
reactivity was detected in any samples after extraction and radioimmunoassay or high performance liquid chromatography and
radioimmunoassay.

Figure 3 NKA concentrations in lavage fluid for
individual subjects. Unchallenged = unchallenged asthmatic
subjects and allergen challenged = asthmatic subjects four
hours after allergen exposure. Statistical comparison was
made using the Mann-Whitney U test. NKA levels were
significantly higher in the challenged asthmatic group than
in the unchallenged group (p<0.01).
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horse serum) and subjected to each assay in
serial dilution.
To examine peptide recovery, known con-

centrations of synthetic peptides were added to
lavage samples and extracted and assayed as
above.

REVERSE PHASE HPLC

After Sep-pak extraction, lavage samples were
reconstituted in 0.1% TFA in water and added
to a µ-Bondapak C-18 reverse phase column
(Waters Associates). The column was eluted
with a gradient from TFA/water (0.1:99.9) to
TFA/water/acetonitrile (0.1:89.9:10) in three
minutes and then to TFA/water/acetonitrile
(0.1:54.9:45) over the next 45 minutes at a
flow rate of 1.5 ml/min. Fractions were col-
lected each minute, lyophilised using a Univap
evaporator attached to a refrigerated solvent
trap (Unisciences) and a vacuum pump
(Savant), reconstituted in assay buVer, and
assayed by RIA. The gradient employed had
previously been found to resolve synthetic SP,
NKA, NKB and NPK.10

STATISTICAL ANALYSIS

Comparisons were made using non-parametric
methods throughout. The Kruksal Wallis
analysis of variance was used to examine for
significant intergroup diVerences and, if signifi-
cant, the Mann-Whitney U test was used for
between group comparison. A p value of less
than 0.05 was considered statistically signifi-
cant.

Results
REVERSE PHASE HPLC FOR TACHYKININS AND

CGRP

SP,CGRP, and NKA immunoreactive peptides
were resolved in reverse phase chromato-
graphic fractions using lavage specimens
(10 ml). Figure 1 shows the retention times for
synthetic human tachykinin peptides previ-
ously calibrated using our system.8 Figure 2
shows the immunoreactivity in a typical sample
(subject 17) for each of the fractions for NKA
(which eluted at the same time as oxidised syn-
thetic NKA).No SP or CGRP immunoreactiv-
ity was detected in any of the fractions from
samples after HPLC and RIA.
Since we were unable to detect SP after

HPLC and RIA and other groups have
reported detectable SP in assays performed on
raw lavage fluid, we assayed SP in all samples of
lavage fluid without performing our extraction
process and found SP-like immunoreactivity in
all samples (table 2). Mean peptide recovery
from lavage samples was more than 90% for all
peptides assayed. Table 3 shows recovery data
for SP.

RADIOIMMUNOASSAY QUANTITATION OF NKA

The concentration of NKA in the diVerent
patient groups is expressed as pg/ml of BAL
fluid and is shown in fig 3. High concentrations
were found in all subjects analysed. There was
no significant diVerence in NKA concentra-
tions between subjects with unchallenged
asthma, normal subjects, or atopic non-
asthmatics. The highest concentration in an
individual patient was in a normal subject
(subject 2, 1480 pg/ml). However, when un-
challenged asthmatics were compared with
asthmatic subjects after challenge, NKA was
significantly higher in the post challenge group
(p<0.01).

Discussion
This study shows that the predominant tachy-
kinin retrieved in BAL fluid is NKA which is
present in significant quantities. We were
unable to detect SP or CGRP using either
HPLC or RIA after Sep-pak extraction. The
BAL fluid matrix is extremely heterogeneous
and assay of raw lavage fluid did demonstrate
SP-like immunoreactivity in lavage fluid (table
2). However, after HPLC characterisation SP
was not detected, suggesting non-specific
binding using our highly specific SP antibody
on raw lavage fluid.The loss of immunoreactiv-
ity was not due to peptide loss since recovery
studies using our extraction process demon-
strated loss to be minimal (table 3). This would
suggest that an extraction process and charac-
terisation of immunoreactivity are essential
when measuring peptides in heterogeneous
body fluids and may help to explain the diVer-
ence between our data and previous reports
demonstrating SP-like immunoreactivity in
BAL fluid.4–6 Our laboratory, in an extensive
series of experiments, previously concluded
that SP cannot be measured without employ-
ing an extraction process.11 Takeyama et al
measured SP immunoreactivity (SP-I) after
Sep-pak extraction in BAL fluid (6 × 50 ml)
from patients with idiopathic pulmonary fibro-
sis (IPF) and pulmonary sarcoidosis using an
enzyme immunoassay.12 They detected small
amounts of SP-I which were statistically
greater in patients with IPF than in normal
subjects but the reported normal BAL values
are less than those reported in the previous
studies. This group characterised this immuno-
reactivity using HPLC and from the published
sample trace it is clear that numerous sub-
stances in BAL fluid cross react with their
assay. However, some of the SP-I did appear to
be due to SP. It is possible that our extraction
and assay process could miss small amounts of
SP; however, given the recovery of added syn-
thetic peptide (table 2), this is likely to be very
small.
The fact that there are significant quantities

of NKA present in BAL fluid raises two
important issues. The first centres around the
exact source of the NKA. Such large quantities
are unlikely to be derived solely from a neural
source, as previously thought, and may be
derived from another cellular source. Variants
of vasoactive intestinal peptide have been
demonstrated in mouse mast cells and rat

Table 3 Substance P (SP) recovery after addition of synthetic peptide to three lavage
samples

Sample

Initial SP
concentration in
BAL fluid (pg/ml)

Concentration in
BAL fluid after addition
of SP (pg/ml)

Measured SP
concentration (pg/ml)

%
recovery

1 0 400 388 97
2 0 400 381 95
3 0 400 343 86
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basophilic leukaemic cells13 and immuno-
reactivity for SP has been reported in
enterochromaYn cells from rat caecum,14 so
the concept of other cellular rather than
neuronal production of neuropeptides is not
completely novel. A recent study also con-
firmed cells positive for SP in subjects with
vernal keratoconjunctivitis15 and preliminary
data (not shown) using extracts from BAL cell
pellets suggest that NKA in BAL fluid may
also be derived from resident airway cells. The
second issue centres around the genetic
coding for mammalian tachykinins. In mam-
mals two separate genes encode the tachy-
kinins designated tachykinin-1 and
tachykinin-2.16 SP and NKA are derived from
a common precursor protein encoded by the
tachykinin-1 gene.16 17 Alternative RNA splic-
ing of the tachykinin-1 gene results in three
diVerent mRNA transcripts encoding the
tachykinin precursor proteins, á-, â-, and
ã-preprotachykinin-1.16 These mRNA codes
diVer in their exon sequence which in turn
results in the translation of diVerent peptide
products. The á-preprotachykinin-1 gene con-
sists of seven exons. Exon 3 encodes SP and
exon 6 encodes NKA. á-Preprotachykinin-1
lacks exon 6 and thus results in the production
of SP alone.16 â-Preprotachykinin-1 possesses
all seven exons and gives rise to SP and NKA
in equimolar amounts or an N-terminally
extended NKA, designated neuropeptide K.18

ã-Preprotachykinin-1 lacks exon 4 which
encodes for a protein of unknown function
and produces SP, NKA and an attenuated
molecular form of NPK, designated
neuropeptide-ã.19 Thus, whilst SP can be syn-
thesised from these gene transcripts without
NKA, the opposite does not occur. Since our
results demonstrated NKA in such large
amounts without detectable SP, it raises the
possibility that an alternative gene transcript
may occur which encodes for NKA only. A
recent study has reported diVerent tissue levels
of NKA and SP in rat cervical dorsal root gan-
glia compared with central and peripheral ter-
minations of the same neurones.20 The NKA
content was less than that of SP in dorsal root
neurone and in two peripheral tissues (supe-
rior cervical ganglion and ear skin). In a third
peripheral tissue, the trachea, equal amounts
of NKA and SP were found; however, in the
spinal cord there was twice as much NKA as
SP. This study suggests that, although SP and
NKA are colocalised in neurones, their levels
vary independently from tissue to tissue
suggesting distinct functional roles.
In vitro, NKA is more potent than SP as a

contractor of bronchial smooth muscle sug-
gesting that an NK-2 receptor is likely to be
involved.21 Another study reported a fourfold
increase in NK-2 receptor mRNA expression
in the airways of asthmatic subjects.22 Asthmat-
ics have increased sensitivity to NKA inhala-
tion which is inhibited by nedocromil
sodium.23 24 This has not been seen consistently
with SP,23 as bronchoconstriction with this
peptide requires large doses in hyperresponsive
subjects.25 A recent report has examined the
eVect of passive sensitisation on the in vitro

contractile eVect of SP and NKA on human
bronchi.26 Human bronchi incubated overnight
with serum from asthmatic patients sensitised
to HDM showed an enhanced sensitivity and
an enhanced maximal contractile response to
both tachykinins, an eVect which was inde-
pendent of changes in the activity of neutral
endopeptidase. Thus, sensitised airway smooth
muscle is more sensitive to tachykinins. No dif-
ference was observed in the concentrations of
NKA in lavage fluid between asthmatic and
normal subjects which suggests that the diVer-
ential response to inhalation may relate to
alterations in NK-2 receptor expression and
other inflammatory eVects seen in the allergic
airway.
BAL fluid concentrations of NKA were

raised in asthmatic subjects after allergen chal-
lenge compared with the unchallenged group
although they did not diVer significantly from
normal controls. The study design and small
numbers of subjects in each group limit the
conclusions which can be drawn from this as
lavage was not repeated in the same patients
after challenge. However, inflammatory events
after allergen exposure may result in increased
levels of NKA.
In conclusion, this study shows that NKA is

present in BAL fluid in high concentrations
and that it is the predominant tachykinin pep-
tide. The concentrations of NKA are similar in
normal subjects and subjects with mild asthma.
Future work will examine both the exact source
and homeostatic role of NKA in normal
subjects and its pathogenic role, if any, in
asthma and other pulmonary conditions.
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