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ABSTRACT: Cryptogenic fibrosing alveolitis (CFA) is characterized by increased
pulmonary recruitment of peripheral blood neutrophils (PBNs) by interleukin (IL)-8
and other chemotactic mediators. This study investigated whether, in CFA, the PBN
motility response is primed by IL-8 and growth-related oncogene (Gro)-a, as
demonstrated in other neutrophilic inflammatory diseases, and whether the motility
response of PBNs to IL-8 and Gro-a can be abrogated using a selective antagonist for
the neutrophil receptor for IL-8 and Gro-a, CXCR2.

The percentage of PBNs to undergo shape change (%SC), spontaneously and in
response to IL-8 and Gro-a, was measured in patients with CFA (n=10) and controls
(n=10), and the effect of the CXCR2 antagonist SB272844 studied. Plasma levels of
IL-8, and Gro-a were measured using an enzyme-linked immunosorbent assay (ELISA).

The %SC of unstimulated PBNs and the potency of Gro-a and IL-8 to produce
neutrophil polarization was greater in CFA than in controls; dose which produces 50%
of maximal effect (EC50) of IL-8 was 3.6¡0.7 nM for CFA versus 6.3¡1.0 nM for
controls; pv0.05. SB272844 inhibited Gro-a induced but not IL-8 induced neutrophil
shape change (equilibrium constant (KD) 123¡18 nM). Plasma concentrations of Gro-a
were increased in patients with CFA. PBNs are spontaneously activated and undergo a
greater motility response to IL-8 and Gro-a in CFA.

Interleukin-8 and growth-related oncogene-a, circulating in substimulatory amounts
in cryptogenic fibrosing alveolitis, may prime the peripheral blood neutrophils motility
response, thus increasing their capacity for migration to the lung. Selective CXCR2
antagonists may be useful to block the Gro-a-induced priming response whilst
preserving neutrophil functions mediated by CXCR1, the alternative neutrophil receptor
for interleukin-8.
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Cryptogenic fibrosing alveolitis (CFA) is a chronic
interstitial lung disease involving both inflammatory
and fibrotic components. The inflammatory compo-
nent of the disease is dominated by neutrophils and
alveolar macrophages. Whereas normally there are
very few inflammatory cells resident in the broncho-
alveolar tree of healthy individuals, neutrophils
represent 10–20% of the inflammatory cells present
in bronchoalveolar lavage fluid (BALF) in CFA [1, 2].
A number of neutrophil chemotactic mediators have
been demonstrated in blood and BALF of patients
with CFA, including interleukin (IL)-8 [3], leukotriene
receptor (LT)B4 [4], and granulocyte-colony stimu-
lating factor (G-CSF) [5]. They are implicated in the
pathogenesis of lung damage [6] and remodelling,
either though enhanced neutrophil recruitment from
the pulmonary vascular bed and subsequent oxidant-
induced cytotoxicity [7], or in the case of IL-8, via
the additional mechanism of regulation of angio-
genesis [8], a key component of the fibrotic response.
In another model of neutrophilic inflammatory dis-
ease, Crohn9s disease, peripheral blood neutrophils
(PBNs) demonstrate increased polarization in the

bloodstream [9] and increased chemotactic response
to IL-8. In CFA, however, there is thus far only
indirect evidence of peripheral blood inflammatory
cell priming, provided by a study demonstrating
increased superoxide anion production in blood in
CFA [10]. This study therefore investigated whether
neutrophil polarization, the initial cytoskeletal re-
arrangement characteristic of migrating cells and
essential to neutrophil chemotaxis, is increased in
response to the neutrophil chemokines IL-8 and
growth-related oncogene (Gro-a) in CFA.

IL-8 and other members of the CXC chemokine
family, chemotactic for neutrophils, signal through a
family of seven transmembrane domain G-protein
coupled chemokine receptors. CXCR2 is the specific
receptor for Gro-a, whereas IL-8 binds with equal
affinity to CXCR1 and CXCR2. Blocking the chemo-
tactic signal to neutrophils through CXCR1 and
CXCR2 using selective receptor antagonists is a
potential therapeutic strategy in neutrophil-driven
diseases such as CFA. A CXCR2 antagonist
(SB225002) has been developed [11] and may have
a therapeutic role to play in blocking neutrophil
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activation and migration from the blood to the
lungs whilst partially preserving neutrophil function.
This study therefore investigated the effects of an
analogue of this antagonist, SB272844, on IL-8 and
Gro-a-induced neutrophil shape change (SC), to
determine if it would be useful in controlling neutro-
phil migration.

Methods

Subject recruitment

All patients in the study had a clinical diagnosis
of CFA as defined by the British Thoracic Society
(BTS) national study [12]. They had to fulfil all three
of the BTS criteria: "bilateral interstitial chest radio-
graphic shadowing with bilateral basal inspiratory
crackles and lung function parameters compatible
with CFA - that is a restrictive and/or gas transfer
defect" [12]. The chest radiographical appearances
necessary for inclusion in the study were peripheral
bilateral reticular, reticulonodular shadowing, or
honeycomb appearance. High-resolution computed
tomography (HRCT) was not a strict criteria for the
study. However, in all cases where it was performed (8
out of 10), it confirmed bilateral, peripheral, sub-
pleural reticular shadowing with limited or no
ground-glass shadowing. A histological diagnosis
was not necessary for inclusion in the study as only
a minority of patients in the UK diagnosed with CFA
have an open lung biopsy [12]. In accordance with the
BTS recommendations, those with a defined con-
nective tissue disease, evidence of extrinsic allergic
alveolitis, sarcoidosis, pneumoconiosis, or bronchi-
ectasis were excluded. None of the patients studied
were receiving immunosuppressive treatment at the
time of study or within the preceding 6 months.
Forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), carbon monoxide diffu-
sing capacity of the lung (TL,CO), carbon monoxide
transfer coefficient (KCO), and lung volumes were
measured in each patient at the time of blood
sampling. Healthy age and sex-matched volunteers
from amongst staff members were recruited as a
control group. Control subjects had no history of
lung disease. Three of the 10 individuals in the CFA
group and two of 10 in the control group were current
smokers. Informed written consent was obtained from
patients and controls and the study had the approval
of the University Hospital of the National Health
Service Trust Ethics Committee.

Laboratory methods

Fifty millilitres of venous blood was drawn from
each individual using a sterile nonpyrogenic 19-gauge
butterfly needle and was used immediately for
extraction of a purified sample of neutrophils by
discontinuous Percoll-gradient centrifugation [13]. A
plasma sample was retained for cytokine estimation.

Discontinuous Percoll-gradient centrifugation

A stock of Percoll (100% fine grade, Sigma-Aldrich,
Poole, UK) was prepared in 0.9% saline in a ratio of
9:1. Fifty millilitres of blood was mixed with 4 mL of
3% sodium citrate anticoagulant and immediately
centrifuged at 4206g for 20 min at room temperature.
The platelet-rich plasma layer was removed and 6 mL
of 6% Dextran was added to the remaining contents of
the tube. The volume was made up to 50 mL with
0.9% saline and the solution was allowed to stand for
30 min for erythrocyte sedimentation to take place.
The leukocyte-rich plasma was then aspirated and
centrifuged at 4206g for 6 min, and the pellet
resuspended in 2–3 mL platelet poor plasma (PPP),
prepared earlier by centrifuging the plasma sample at
1,2006g for 15 min. Solutions of 51% and 42% Percoll
were freshly prepared and the leukocyte solution was
then overlaid on the 42% Percoll gradient, which was
overlaid on the 51% solution in a polystyrene tube.
The sample was centrifuged immediately at 2756g
for 11 min. The mononuclear cell band of cells was
aspirated from the interface between the plasma and
the 42% Percoll layer and the neutrophil band of cells
aspirated from the interface between the 42% and 51%
Percoll layers. The neutrophil solution was washed in
a 50:50 solution of PPP and Hanks (Gibco Life
Technologies, Paisley, Scotland, UK) without calcium
or magnesium. Cell viability was assessed by trypan
blue exclusion. A cytospin slide was made of each
neutrophil suspension. Slides were fixed with metha-
nol, stained with May-Grunwald Giemsa and exam-
ined by light microscopy, at a magnification of6400,
to count the purity of each preparation. Cell solutions
obtained were of high purity, with 96% neutrophils
(95% confidence interval 93.2–98.6%).

Neutrophil stimulation with agonists

A 500 mL sample of 26106 neutrophils?mL-1 resus-
pended in Hanks without calcium or magnesium, was
incubated at 37uC in a water bath for 20 min. An
equal volume of 2.5% glutaraldehyde was added to fix
the cells and the percentage that had undergone
spontaneous SC in each sample was calculated using
the methods described later. Paired neutrophil suspen-
sions were incubated with a range of concentrations of
IL-8 (Peprotech, London, UK) or Gro-a (Peprotech)
for 20 min at 37uC, and then fixed in the same
manner. Simultaneously paired neutrophil suspen-
sions were preincubated with a range of concentra-
tions of the CXCR2 antagonist, SB272844 [11], or its
vehicle control, 0.1% dimethylsulphoxide (DMSO),
for 5 min, followed by the addition of 10 nM IL-8 or
10 nM Gro-a and incubation for a further 20 min.
After fixation for 5 min, the cells were spun down at
3006g for 5 min in sterile 3 mL polystyrene tubes,
washed in phosphate-buffered saline (PBS) and
resuspended in PBS for shape change evaluation.
Where insufficient donor neutrophils were obtained to
complete all the experiments listed, the experiment
measuring neutrophil SC to Gro-a (with or without
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SB272844) was omitted. Because the neutrophils were
fixed, samples could be stored for later evaluation.

Neutrophil shape change evaluation

Two methods were used to evaluate and compare
percentage spontaneous and IL-8-induced neutrophil
SC; microscopic scoring (%SCMS), and flow cyto-
metry (%SCFC). Correlation between the two meth-
ods of assessment of neutrophil SC was determined
using linear regression to compare spontaneous
%SCMS versus %SCFC of neutrophils from all 20
donors and %SCMS versus %SCFC after a range of
concentrations of IL-8 in 10 patients and six controls
(microscopic scoring was not available for four
controls). The Pearson9s correlation coefficient was
calculated and there was excellent correlation between
the two methods, r2

=0.98, pv0.0001). Because of this,
stored fixed neutrophil suspensions were not analysed
by flow cytometry in all cases. Flow cytometry was
only used to evaluate spontaneous neutrophil SC and
the neutrophil SC response to IL-8 in the 20 subjects
studied. Microscopic scoring was used to evaluate
neutrophil SC to Gro-a, and the response to the
CXCR2 antagonist SB272844. The two methods are
described briefly.

Microscopic scoring

A variation of the microscopic scoring method of
HATSON and SHIELDS [14] was used. Fixed cells were
mounted in a Neubauer haemocytometer. Cells were
categorized as being round or polarized at 6125
magnification under transmission illumination, count-
ing a sample of w200 cells each time. The ratio of
polarized cells to the total cell count was expressed as
a percentage SC by %SCMS.

Flow cytometry

The flow cytometric method described by COLE et al.
[15] was the second method used. A FACScan flow
cytometer was used to analyse forward and wide-angle
scatter, using linear amplification for both parameters.
For each sample, list mode data from 5,000 events
were stored with subsequent off-line analysis using
windmdi version 2.8 (Scripps Institute, CA, USA).
After gating on neutrophils an upper boundary for the
forward scatter of neutrophils without SC was set at 3
SD above the mean linear channel number, determined
using the unimodal distribution of unstimulated cells.
The proportion of stimulated cells showing greater
forward scatter than the unstimulated was expressed
as a percentage of the total cells (%SC by flow
cytometry: %SCFC).

Plasma cytokine concentrations

Plasma samples obtained during the neutrophil
isolation procedure were stored at -80uC until

subsequent analysis of cytokine concentrations. PPP
was obtained by centrifuging the plasma samples
at 1,2006g for 10 min for measurement of Gro-a
concentrations since Gro-a is present in platelets and
released upon platelet activation [16]. Samples were
analysed in duplicate for concentrations of tumour
necrosis factor (TNF)-a, IL-8 and Gro-a using com-
mercially available Quantikine sandwich enzyme-
linked immunosorbent assays (ELISAs) (R&D
Systems, Abingdon, UK). The sensitivities of the
assays according to the manufactures are 4.4, 10, and
10 pg?mL-1, respectively.

Analysis

A sigmoid dose-response curve plotting %SCFC
against log IL-8 concentration was constructed
for each donor and the dose which produced 50%
of maximal effect (EC50) was calculated for the
%SCFC to IL-8 of each paired neutrophil suspension.
Unpaired t-tests were used to compare the mean EC50

values for %SCFC to IL-8 of patients to controls, and
likewise, spontaneous %SCFC. Plasma concentrations
of cytokines were compared using the Mann-Whitney
U-test for nonparametric data. Correlation between
%SCFC and plasma Gro-a, and IL-8 levels was
determined using linear regression, calculating Pear-
son9s correlation coefficient. The equilibrium dissocia-
tion constant (KD) for SB272844 was calculated in
individual experiments from the inhibition curve using
the equation [17]:

Af½ �=FEC50~1z(FIC50=KD) ð1Þ

where [Af] is the fixed agonist concentration, FEC50

is the agonist concentration producing 50% of the
response produced by the fixed agonist concentration,
and FIC50 is the antagonist concentration that reduces
the fixed maximum response by 50%.

Results

Volunteer characteristics

Ten patients with CFA and 10 healthy controls
were studied. The mean ages of the two groups
were 66.8 and 53.3, respectively. All patients had
clinical evidence of CFA and impairment of lung
function consistent with CFA (table 1). The mean
TL,CO and KCO were 52¡5% and 76¡7% predicted,
respectively. Lung volumes revealed a restrictive
pattern with a mean total lung capacity (TLC),
residual volume (RV), and functional residual capa-
city (FRC) of 76¡5%, 55¡7%, and 72¡5% of
predicted, respectively. All patients had chest radio-
graphs documenting bilateral reticular opacities and
eight patients had HRCT confirming bilateral,
peripheral, subpleural reticular shadowing, con-
sistent with CFA and in only one case ground-glass
shadowing.
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Baseline rates of neutrophil shape change

Baseline rates of spontaneous neutrophil SC were
significantly higher in the patient versus the control
group: %SCFC was 7.12¡1.3% versus 3.7¡0.8%
(pv0.05) and %SCMS was 5.7¡0.9% versus 2.5¡0.4%
(pv0.01).

Effect of interleukin-8 on neutrophil shape change

There was a dose-dependent increase in the %SCFS
to IL-8 of PBNs from both healthy controls and
patients with CFA (fig. 1). The CFA group had a
significantly lower mean EC50 for %SCFC to IL-8
than the control group (3.6¡0.7 nM versus 6.3¡
1.0 nM, pv0.05; fig. 1). The EC50 values were also
lower in CFA than controls (3.9¡0.6 nM versus
11.8¡0.8 nM, pv0.05) when evaluated by microscopic
scoring. The maximum response to IL-8 was similar in
both groups (87¡2.5 versus 81¡2.7%, pw0.05).

There was good correlation between the two

methods of evaluation for neutrophil SC (%SCMS
versus %SCFC) r2

=0.98, pv0.0001 (fig. 2). The latter
method was only used to evaluate neutrophil SC
response to IL-8.

Effect of growth-related oncogene-a on neutrophil
shape change

There was a dose-dependent increase in the
%SCMS of neutrophils to Gro-a (EC50 4.6¡0.6 nM,
fig. 2). The polarizing effect of 10 nM Gro-a on
neutrophils extracted from patients with CFA (n=5)
and healthy controls (n=7) was significantly different
(36.9% versus 21.4%, pv0.05). However, the EC50

values of the dose-response curves did not differ
significantly.

Effect of SB272844 on interleukin-8 and growth-
related oncogene-a mediated neutrophil shape change

Gro-a (10 nM)-induced neutrophil SC could be
blocked by the CXCR2 antagonist SB272844 in a
dose-dependent manner: inhibitory concentration of
50% (IC50) values were 31.6¡3.9 nM and 237¡131 and
equilibrium constant (KD) values were 1.2¡0.2610-7

and 2.6¡1610-7, in patient and control groups,
respectively (fig. 3), i.e. in the range expected for
a relatively potent selective CXCR2 antagonist.
SB272844 failed to inhibit the neutrophil SC response
induced by IL-8 in a concentration range expected for
a selective competitive antagonist (IC50 valuesw1 mM).

Cytokine concentrations

Plasma concentrations of TNF-a were below the
level of detection of the assay (4.4 pg?mL-1) in eight of
10 controls and eight of 10 patients. Plasma concen-
trations of IL-8 ranged from 12–30 pg?mL-1 in the
patient group and from undetectable to 18 pg?mL-1 in

Table 1. – Lung function in patients (n=10) with cryptogenic
fibrosing alveolitis

Parameter Measured Predicted %

FEV1 L 2.3¡0.2 87¡3.5
FVC L 3.1¡0.3 90¡3.6
TL,CO 4.4¡0.5 52¡4.9

mmol?min-1?KPa-1

KCO 1.1¡0.1 76¡7.2
mmol?min-1?KPa-1?L-1

TLC L 4.7¡0.4 76¡5.0
RV L 1.3¡0.1 55¡6.7
FRC L 2.4¡0.2 72¡5.0

Data are prsented as mean¡SEM. FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; TL,CO:
carbon monoxide diffusion capacity of the lung; KCO:
carbon monoxide transfer coefficient; TLC: total lung
capacity; RV: residual capacity; FRC: functional residual
capacity.
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Fig. 1. – Percentage shape change measured by flow cytometry
(%SCFC) after stimulation with a range of concentrations of
interleukin (IL)-8 in cryptogenic fibrosing alveolitis (CFA) patients
(#) and controls (&). Data are presented as mean¡SEM.
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Fig. 2. – Percentage shape change measured by the microscopic
scoring method (%SCMS) after stimulation with a range of
concentrations of growth-related oncogene (Gro-a) in cryptogenic
fibrosing alveolitis (CFA) patients (#) and controls (&). Data are
presented as mean¡SEM.
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the controls (median: 16.1 pa?mL-1 versus 12.0 pa?mL-1,
respectively; p=0.07). Gro-a was detected in all PPP
samples from patients with a range of 63.5–
1089 pg?mL-1 and in 7 of 10 control samples with a
range of 34.3–218 pg?mL-1 (median 93.5 pa?mL-1

versus 54.6 pa?mL-1, respectively; pv0.05, Mann-
Whitney U-test; fig. 4).

Discussion

This study provided evidence that neutrophil
polarization, the initial cytoskeletal rearrangement
characteristic of migrating cells and essential to
neutrophil chemotaxis, is increased both sponta-
neously and in response to the neutrophil chemokines
IL-8 and Gro-a, in CFA. It is speculated that
"priming" of the PBN response to IL-8 is a potential
mechanism by which enhanced neutrophil recruitment
to the lung may occur in this disease upon exposure to
IL-8 or Gro-a in the pulmonary vascular bed or
bloodstream. Such neutrophil priming may be a
prerequisite to enhanced neutrophil chemotaxis to
the inflamed lung in CFA, and may partly explain the
reported positive correlation between IL-8 levels and
percentage of BAL neutrophils observed in this
condition [6]. Finally, elevated circulating levels of
the neutrophil chemotactic protein Gro-a have been

demonstrated for the first time in plasma in CFA and
it is postulated that this may play a role in priming the
neutrophil chemotactic response to the lung.

The inflammatory component of CFA in the lungs
is dominated by neutrophils and alveolar macro-
phages, and neutrophils constitute 10–20% of the
inflammatory cells present in BALF in CFA [1, 2]. In
animal models of neutrophilic alveolitis, PBN seques-
tration in the marginated pool in the pulmonary
capillary bed is increased, and neutrophils move from
this pool into the lung alveoli [18]. In an animal model
of CFA, bleomycin-induced lung injury, radiolabelled
PBNs could be detected in the lungs for up to three
weeks [19]. To the best of the authors9 knowledge,
there has only been one study of neutrophil transit
through the lungs in humans in CFA, in which
111Indium-labelled neutrophils were injected into the
bloodstream and monitored during their movement
into the lungs [20]. This study reported an increased
retention time of labelled cells in the lungs in CFA
compared to controls, and increased recovery of
labelled neutrophils from the distal airways by BAL
at 24 h. The latter finding correlated with disease
activity and mortality. These studies provide evidence
that the increased neutrophil number in the lung in
CFA is a result of increased retention of circulating
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peripheral blood neutrophils. The present authors
have chosen to study PBN SC in CFA for a number of
reasons. Firstly, there is prior indirect evidence of
peripheral blood inflammatory cell "priming" in CFA,
as demonstrated by increased superoxide anion
production in blood [10]. As neutrophils are the
most abundant cellular source of oxidants it was
postulated that the observed oxidant imbalance in
CFA may be coming from activated PBNs. Secondly,
in another model of neutrophilic inflammatory
disease, inflammatory bowel disease (IBD), PBNs
demonstrate increased polarization and increased
chemotactic response to IL-8 [9, 21]. However, there
is currently no information available on the chemo-
tactic response of PBNs in CFA. Neutrophil SC is a
measure of neutrophil movement activation and has
been shown to correlate well with chemotaxis meas-
ured using Boyden chambers [14], but has advantages
over such methods, as it does not measure adhesive
interactions and movements along surface bound
chemotactic gradients (haptotaxis). Thirdly, PBNs
are readily accessible without the use of invasive
procedures. It can only be speculated that any
neutrophil activation seen in PBNs would be even
more marked in the marginated pool of neutrophils in
the lung, were those neutrophils easily accessible. It
has been shown that PBNs in CFA are hyperrespon-
sive to IL-8 and Gro-a, and it is now speculated that
they are being "primed" in the circulation by exposure
to cytokines such as Gro-a. Neutrophils are subject to
priming when exposed to substimulatory concentra-
tions of a number of pro-inflammatory cytokines in
vivo or in vitro. Many of these are produced in the
inflamed lung in CFA e.g. TNF-a, IL-1a, IL-8, and
platelet activating factor (PAF) and could be respon-
sible for "priming" PBNs in vivo. TNF-a was not
detected in either the present patient or control
plasma samples, but this does not rule out the
possibility of exposure to TNF-a bound to endothelial
cells or monocytes on passing through the pulmonary
circulation, which could not be measured. It was,
however, demonstrated for the first time that plasma
Gro-a concentrations are elevated in CFA, in
concentrations that do not directly activate neutro-
phil chemotaxis, but are sufficiently high for neutro-
phil "priming". In vitro Gro-a primes the neutrophil
chemotactic response to IL-8 [21] and the optimal
concentration to do so is around 50 pg?mL-1. All
patients studied had plasma Gro-a concentrations
w50 pg?mL-1 whereas only five out of 10 controls did.
Gro-a levels did not correlate directly with the degree
of observed spontaneous or IL-8- or Gro-a-induced
neutrophil SC, but the number of subjects was small
and it is possible that correlations may have been seen
in a larger study. This does not rule out "priming" of
the neutrophil SC response by Gro-a and the apparent
discrepancy may also be due to the contribution of
other priming agents that were not measured, such as
G-CSF, LTB4 or PAF [22]. ASHITANI et al. [5]
demonstrated G-CSF in BAL, but not blood in
CFA, and LTB4 and PAF have not been measured
in serum of patients with CFA to the best of the
authors9 knowledge. Based on the trend shown in this
data, further study of a larger number of patients

would be warranted to establish whether Gro-a plays
a central role in priming neutrophil migration in CFA.
An alternative explanation for the observed neutro-
phil hyperresponsiveness to IL-8 and Gro-a in CFA
could be upregulation of CXCR2 on circulating
neutrophils. This possibility has not been excluded,
but it is thought to be unlikely, as G-CSF is the only
cytokine known to increase surface expression of
CXCR2 and a previous study failed to detect G-CSF
circulating in peripheral blood in CFA [5]. Circulating
IL-8 or Gro-a would be unlikely to produce receptor
upregulation, since they are both known to down-
regulate CXCR1 and 2 expression on neutrophils in
vitro [23]. In vivo CXCR2 downregulation on PBNs in
patients with sepsis occurred in the presence of 10-fold
higher concentrations of IL-8 and two-fold higher
concentrations of Gro-a than have been seen in CFA,
and was associated with a decreased chemotactic
response to Gro-a [24], which is the opposite to that
seen in the present study. In the authors9 opinions,
therefore, it is also unlikely that CXCR2 has been
downregulated on PBNs in the patients studied.
Regarding the relevance of CFA PBN hyperrespon-
siveness to IL-8, there is certainly evidence that IL-8 is
the major chemotactic protein implicated in neutro-
phil accumulation in CFA, and thereafter activation
and release of mediators that may contribute to the
pathogenesis of lung damage [7]. Messenger ribonu-
cleic acid (mRNA) expression for IL-8 is induced in
alveolar macrophages taken from individuals with
CFA and correlates with neutrophil number in the
BAL [3]. The responsiveness of lung alveolar macro-
phages (AMs) to stimuli appears to be increased by
exposure to the inflammatory milieu of the CFA lung,
and AMs taken from individuals with CFA, but not
other fibrotic lung diseases such as sarcoidosis, are
primed for IL-8 production in vitro [25]. IL-8
concentrations reported in BALF in two studies of
CFA were in a range capable of producing only low
levels of chemotaxis of healthy neutrophils in vitro,
0.24¡0.1 nM [25] and 0.09¡0.01 nM [6]. However,
IL-8 levels did correlate with neutrophil numbers in
BAL in these studies. In the assay of the present study,
CFA PBNs did not undergo significantly higher rates
of SC in response to subnanomolar concentrations of
IL-8. However, in response to the 10-fold higher
BALF concentrations of IL-8 (y2 nM) demonstrated
by CAR et al. [26], CFA PBNs could produce y40%
higher rates of SC than control PBNs in vitro. In
CFA, the factors controlling neutrophil load in the
lung are obviously complex, as other chemotactic
proteins in addition to IL-8 play a role in attracting
neutrophils, and the neutrophil load is determined not
only by neutrophil migration but also by neutrophil
clearance. Gro-a is clearly less potent than IL-8 in
producing neutrophil SC, and since it has not been
measured previously in CFA, either in the lung or in
blood, its role in this disease is not clear. However,
concentrations of 1.7¡0.4 ng?mL-1 (0.2¡0.05 nM)
have been demonstrated in BALF in ARDS, three-
times higher than the BALF IL-8 concentration in the
same patients [27], and blocking Gro-a could sig-
nificantly reduce neutrophil chemotactic activity of
BALF in ARDS, suggesting a role for Gro-a in
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neutrophil migration in disease. Gro-a may also
contribute to regulation of neutrophil number in the
lung by delaying neutrophil apoptosis [28], thereby
prolonging neutrophil lifespan in thelung. Serum IL-8
concentrations in the present study were relatively low
compared to a previous one [6], suggesting that the
present patients studied, which excluded those being
treated for acute deterioration or worsening disease,
may have had a relatively mild inflammatory compo-
nent to their disease. However, there are no direct
measures of the latter available, such as BALF
neutrophil counts, for these patients. HRCT data is
available for eight out of 10 patients, of whom only
one demonstrated ground-glass shadowing. Lung
function demonstrated a moderate impairment of
TL,CO and RV (table 1), consistent with these patients
having mild disease. Whether IL-8-induced chemo-
taxis is mediated by CXCR1 or CXCR2 has been the
subject of some debate, and is important if newly
developed CXCR2 antagonists are to be developed for
therapeutic purposes, to block neutrophil migration in
disease states. Antibody blocking studies suggest that
the majority of the chemotactic response is mediated
by CXCR1 [29]. However, WHITE et al. [11] suggested
that IL-8-mediated neutrophil chemotaxis in vitro is
mediated predominantly by CXCR2.

The present data indicates that IL-8 can overcome
the blockade of CXCR2 by SB272844 and continue
to induce neutrophil SC, presumably by activating
CXCR1. It is known that SB27284 is selective for
CXCR2 because it inhibits Gro-a (a selective CXCR2
agonist)-induced neutrophil SC with a KD of 123 nM
in CFA. In contrast, IL-8 mediated SC was not
inhibited by SB272844 at concentrations likely to be
selective for CXCR2, and this response is, therefore,
probably mediated by both CXCR1 and CXCR2.
Such redundancy in the chemokine receptor family is
well described. The therapeutic implication of recep-
tor redundancy is that both IL-8 receptors would have
to be blocked to abolish the most potent chemotactic
stimulus to neutrophils, IL-8, and at present there is
no good CXCR1 antagonist available to do so.
Although Gro-a is a less potent neutrophil chemoat-
tractant than IL-8 in vitro, it is circulating in plasma in
relatively higher quantities in CFA and may prime the
neutrophil chemotactic response to IL-8. Therefore, a
selective CXCR2 antagonist may be therapeutically
useful to block the priming of PBNs and hence reduce
the degree of neutrophil activation and migration to
the lungs. However, based on the present study alone,
there is not sufficient evidence that Gro-a is the sole
agent involved in "priming" PBNs in CFA. While an
advantage of selective CXCR2 blockade would be to
partly preserve neutrophil function, since other
neutrophil responses such as the respiratory burst
[30] and exocytosis [31] can be maximally elicited by
stimulation of CXCR1, and hence minimize the non-
specific immunosuppressive effects, it would appear
that blocking both IL-8 receptors would be a more
effective approach.

In summary, this study has demonstrated that
peripheral blood neutrophils isolated from individuals
with cryptogenic fibrosing alveolitis exhibit a sponta-
neous increase in shape change, and are primed to

undergo a greater in vitro polarization response to
the chemokines IL-8 and Gro-a. Substimulatory
concentrations of interleukin-8 and growth-related
oncogene-a are present in the plasma of patients
with crypotogenic fibrosing alveolitis, growth-related
oncogene-a in relatively higher amounts in crypoto-
genic fibrosing alveolitis than in healthy controls.
While one major drive to neutrophil recruitment
to the lungs is the highly chemotactic activity of the
lung milieu itself, a synergistic effect on neutrophil
chemotaxis may result when such circulating "primed"
neutrophils are exposed to their key motility acti-
vators in higher concentrations in the lung. While a
dual approach to interleukin-8 receptor blockade
would be necessary to abolish interleukin-8-induced
neutrophil chemotaxis, an alternative approach that
would preserve some aspects of normal neutrophil
function and yet potentially counteract the growth-
related oncogene-a-induced primed state of circu-
lating neutrophils in crypotogenic fibrosing alveolitis
could employ selective CXCR2 blockade.
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