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Neutrophil activation may play an important role in the pathogenesis of respiratory disease in Burkholderia
cepacia-colonized cystic fibrosis (CF) patients. As bacterial lipopolysaccharides (LPS) are potent immuno-
stimulatory molecules, we investigated the role of B. cepacia LPS in neutrophil activation processes. LPS
extracted from a highly transmissible and virulent strain of B. cepacia (J2315) was found to increase neutrophil
surface expression of the b2 integrin, complement receptor 3, and to prime neutrophil respiratory burst
responses to the neutrophil-activating agent fMet-Leu-Phe. By contrast, LPS extracted from a nonmucoid
Pseudomonas aeruginosa strain isolated from a patient with CF showed little or no priming activity. As B.
cepacia is currently being developed as a biocontrol agent for large-scale agricultural release, we compared LPS
molecules from a range of bacterial strains for their proinflammatory ability. Priming activity was demon-
strated in LPS extracts from all B. cepacia strains tested, with one environmental strain, J2552, showing the
highest activity. These findings indicate (i) that B. cepacia LPS may contribute to the inflammatory nature of
B. cepacia infection in CF patients, both by promoting increased neutrophil recruitment and by priming
neutrophil respiratory burst responses, and (ii) that environmental strains of B. cepacia may have considerable
inflammatory potential in susceptible individuals.

During the last 15 years, Burkholderia cepacia has emerged
as a serious respiratory pathogen in cystic fibrosis (CF) (16).
Epidemic spread of B. cepacia between CF patients has been
associated with a subset of highly transmissible strains, includ-
ing the Edinburgh/Toronto or electrophoretic type ET12
strain, which has been implicated in numerous outbreaks in
both North American and United Kingdom CF centers and
has been isolated from up to 40% of B. cepacia-colonized
patients in the United Kingdom (23, 34). Recently, investiga-
tors have identified putative transmissibility markers, including
adhesion to mucin and respiratory epithelium mediated via
cable pili (39); enhanced adhesion to the cell surface glyco-
lipid, globotriosylceramide (40); and a genomic marker termed
the Burkholderia cepacia epidemic strain marker (30). In con-
trast, little is known of the pathogenic mechanisms responsible
for severe B. cepacia infection. For example, it is not clear why
some patients appear unaffected by B. cepacia colonization
while others succumb to rapidly fatal necrotizing pneumonia
and septicemia, the so-called cepacia syndrome.

There is increasing evidence that acute pulmonary deterio-
ration associated with B. cepacia infection is due to a marked
inflammatory response induced by this organism. In a case-
controlled study, raised serum levels of the inflammatory
markers C-reactive protein and neutrophil elastase were found
during exacerbations with B. cepacia (11). In addition, anec-
dotal evidence has suggested that severe B. cepacia infection
can be treated with anti-inflammatory therapy, in particular
the use of hypergammaglobulin preparations (16). Shaw et al.
(37) described the in vitro induction of the proinflammatory
cytokine tumor necrosis factor alpha (TNF-a) from monocytes
stimulated by lipopolysaccharides (LPS) extracted from clini-

cal strains of B. cepacia, including a representative of the ET12
lineage (C1359). Interestingly, levels of TNF-a induced were
over nine times greater than levels induced by LPS from
Pseudomonas aeruginosa, the major respiratory pathogen in
CF. Recently Palfreyman et al. (33) have described the induc-
tion of biologically active interleukin-8 from lung epithelial
cells and human monocytes by a B. cepacia extracellular factor
distinct from LPS.

Neutrophils have been implicated in immunologically medi-
ated lung damage in CF through the release of reactive oxygen
species (ROS) and proteolytic enzymes during activation pro-
cesses (6, 9, 26). Chronic colonization with mucoid P. aerugi-
nosa is believed to exacerbate neutrophil-mediated damage
through “frustrated phagocytosis,” as neutrophils attempt to
engulf P. aeruginosa microcolonies embedded in a protective
layer of alginate and release their granule contents in the
process (14, 15). Similarly, bacterial extracellular products
from B. cepacia or P. aeruginosa may also act directly on neu-
trophils either by inducing end stage activation with the release
of granule contents or by priming responses to other immuno-
stimulatory agents. Colonization with both P. aeruginosa and B.
cepacia is associated with high bacterial counts in sputum,
typically 109 CFU/ml, suggesting that high concentrations of
LPS shed from both viable and nonviable bacteria will also be
present. As LPS molecules from a number of bacterial species
have been recognized as neutrophil-priming agents (1, 21, 24,
25, 32), we investigated the interaction of B. cepacia LPS with
neutrophils. Our results indicate the potent priming activity of
B. cepacia LPS and confirm the proinflammatory capabilities
of this unusual and challenging pathogen.

MATERIALS AND METHODS

Materials and equipment. Bacterial strains used in this study are from the
collection held in the Cystic Fibrosis Laboratory, Department of Medical Mi-
crobiology, Edinburgh University, and are described in Table 1. Strains were
stored at 270°C in 5% skim milk (Oxoid, Basingstoke, United Kingdom) and
were recovered onto nutrient agar (Oxoid) before use. Fluorescence-activated
cell sorter lysing solution and CellFIX were supplied by Becton Dickinson UK
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Ltd., Oxford, United Kingdom. Monoclonal antibodies (mouse anti-human
CD11b and mouse isotype control antibody) conjugated with fluorescein isothio-
cyanate were obtained from Serotec, Oxford, United Kingdom. Dihydrorhoda-
mine (DHR; Cambridge Biosciences, Cambridge, United Kingdom) was stored
at 220°C as a 10-mg/ml stock solution in dimethyl sulfoxide and was diluted to
a 200-mg/ml solution in 20% (vol/vol) dimethyl sulfoxide in Hanks balanced salt
solution (HBSS) with 0.1% (wt/vol) glucose (mHBSS) immediately prior to use.
All other reagents were provided by Sigma Chemical Corporation (Poole, United
Kingdom). Flow cytometry was carried out on a Becton Dickinson FACSort, and
results were analyzed by using CellQuest 1.2.2 (Becton Dickinson).

LPS extraction. Bacteria were grown for 48 h in an orbital incubator (140 rpm)
at 37°C in nutrient broth no. 2 (Oxoid) containing 0.5% yeast extract (Difco
Laboratories, Detroit, Mich.). LPS was extracted by a modification of the aque-
ous phenol method of Westphal and Luderitz (44) as described by Hancock and
Poxton (19). LPS samples were resuspended in pyrogen-free water at a concen-
tration of 2 mg/ml. Samples were sonicated at an amplitude of 10 mm for three
to eight 30-s pulses to ensure adequate solubilization. Protein concentration was
determined by using the Coomassie brilliant blue protein assay of Bradford (5),
with bovine serum albumin as the standard. For all LPS samples, protein content
was less than 0.5% of the total dry weight of LPS. LPS characterization was
carried out by sodium dodecyl sulfate-polyacrylamide gel electrophoresis using
the buffer system of Laemmli (28), and silver staining was done by a modification
of the method of Tsai and Frasch (42) as described by Hancock and Poxton (19).
Samples from Escherichia coli O18K2, P. aeruginosa PAO1, and B. cepacia
J2540, J2552, and J2505 were found to be smooth in character, while samples
from P. aeruginosa J1385 and C1250 and B. cepacia J2315 and C1504 were rough
in character. All samples were stored at 220°C.

Preparation of plasma-free whole blood cells. Fresh heparinized blood was
collected from healthy volunteers. As we have observed low levels of anti-B.
cepacia LPS antibodies in healthy individuals (22a), plasma was removed from
blood samples to prevent any opsonic neutrophil responses. Blood was trans-
ferred to Eppendorf tubes and spun at 6,500 rpm for 30 s in a Micro Centaur
microcentrifuge (MSE, Loughborough, United Kingdom). Following the re-
moval of plasma, the cell pellet was washed four times in HBSS. Finally, the cell
pellet was resuspended in a volume of mHBSS equivalent to the initial volume
of plasma removed. The resultant washed blood was kept on ice until use. All
experiments were initiated within 1 h of blood collection. Polymorphonuclear
cell viability was determined by trypan blue exclusion and was found to be greater
than 95%. Comparison of washed whole blood neutrophils with untreated blood
showed no differences in size, granularity, or baseline CD11b expression, indi-
cating that little neutrophil activation had occurred during plasma removal.

Detection of surface CD11b following neutrophil exposure to LPS. All exper-
iments were carried out with 100-ml aliquots of washed blood in 5-ml polystyrene
tubes (Greiner, Stonehouse, Gloucestershire, United Kingdom), to which was
added an equal volume of mHBSS or LPS diluted in mHBSS. The tubes were
incubated for the desired time period at 37°C with gentle shaking. Reactions
were stopped by transferring the sample tubes onto ice. After the addition of
anti-CD11b-fluorescein isothiocyanate (5 ml) or control antibody (5 ml) to each
sample, the tubes were mixed and incubated for 20 min on ice. Then erythrocytes
were lysed by the addition of 2 ml of lysing solution for 30 min. Neutrophils were
pelleted by centrifugation at 500 3 g, washed once in phosphate-buffered saline
and resuspended in 500 ml of CellFIX. Samples were stored at 4°C until flow
cytometric analysis on the same day as the experiment. Neutrophils were gated
on forward and side scatter characteristics by using CellQuest 1.2.2 software.
CD11b expression was determined as the mean channel fluorescence (MCF) of

the neutrophil population, using the green channel (FL1). As considerable in-
terdonor variation in the magnitude of neutrophil responses was noted, MCF
values were standardized by expression as a percentage of the MCF of neutro-
phils treated with buffer alone. Each complete experiment was conducted at least
four times, using blood from a different donor on each occasion.

Intracellular H2O2 production following neutrophil priming and stimulation.
All experiments were carried out with an initial aliquot of 100 ml of washed
blood. Where required, samples were preincubated with mHBSS or LPS at the
desired concentration at 37°C. Samples were then stimulated with mHBSS or
fMet-Leu-Phe (FMLP; 5 3 1027 M) for 15 min at 37°C in the presence of 30 mM
DHR (4, 43). Reactions were stopped by transferring the sample tubes onto ice,
erythrocytes were lysed by the addition of 2 ml of lysing solution for 30 min, and
the remaining neutrophils were processed as described above. As H2O2 oxidizes
DHR to fluorescent rhodamine, intracellular H2O2 production was determined
as the MCF of the neutrophil population, using the red channel (FL2) (43).
Results were analyzed by using CellQuest and expressed as the MCF of the total
neutrophil population. Each complete experiment was conducted at least four
times, using blood from a different donor on each occasion.

Statistical analysis. Statistical analysis was carried out by using Student’s t test
to compare the means of two populations. For comparison of B. cepacia and P.
aeruginosa populations, data were transformed by conversion to logarithms, and
analysis of variance was performed.

RESULTS

Induction of CD11b on neutrophils stimulated with LPS
from representative strains. Neutrophils were exposed to in-
creasing concentrations of LPS from representative strains of
B. cepacia, P. aeruginosa, and E. coli for a 2-h period at 37°C.
Both E. coli and B. cepacia LPS increased CD11b expression
on neutrophils, although responses to E. coli LPS could be
demonstrated at a lower concentration (1 ng/ml) than for B.
cepacia LPS (10 ng/ml). The greatest effect was seen with
E. coli LPS at 100 ng/ml, where CD11b expression reached 2.2
times levels on neutrophils incubated with buffer alone (Fig. 1).
At all LPS concentrations, CD11b levels induced by E. coli
tended to be greater than those induced by B. cepacia. How-
ever, for both organisms, raised CD11b levels above baseline
became statistically significant only at concentrations of 100
ng/ml and above (P , 0.02). LPS from a nonmucoid CF strain
of P. aeruginosa, J1385, had no effect on neutrophil CD11b
expression at all concentrations tested.

Preliminary time course experiments indicated that at a low
concentration (1 ng/ml), B. cepacia LPS was associated with a
late rise in neutrophil CD11b expression, occurring after 3 h of
incubation. By contrast, higher LPS concentrations induced a
rise in CD11b expression to maximal levels in less than 2 h of
incubation (data not shown). Subsequent experiments compar-

FIG. 1. Induction of CD11b on neutrophils following stimulation with vari-
ous concentrations of LPS from E. coli O18K2 (■), B. cepacia J2315 (Œ), and
P. aeruginosa J1385 (}). Results are expressed as a percentage of the MCF of
neutrophils treated with buffer alone for 2 h (mean of four experiments 6
standard error of the mean).

TABLE 1. Bacterial strains used in this study

Strain Comment Reference(s)

B. cepacia
J2315a CF, genomovar IIIb 13,c 33
C1504 CF 37
J2540 Environment, genomovar I 7, 37
J2552 Environment, genomovar I 7, 33
J2505 Non-CF clinical, ATCC 17762 37

P. aeruginosa
PAO1 Non-CF clinical isolate 29, 37
J1385 Nonmucoid, CF 17,d 41
C1250 Mucoid, CF 37

E. coli O18K2 31

a Representative strain of the transcontinental ET12 lineage (23).
b Based on polyacrylamide gel electrophoresis of whole-cell proteins and

DNA-DNA hybridization of selected B. cepacia strains.
c Identified as CF5610 in this reference.
d Pyocin type 1/b (4, 8, b) s.
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ing LPS from B. cepacia, P. aeruginosa, and E. coli were carried
out with an LPS concentration of 100 ng/ml (Fig. 2). Incuba-
tion with buffer alone was associated with a slight elevation in
CD11b expression between 60 and 120 min, returning to base-
line levels by 150 min. E. coli LPS was found to induce statis-
tically significant levels of CD11b by 60 min (P , 0.01), peak-
ing at 90 min (P , 0.001) with levels 2.3 times greater than
those on neutrophils treated with buffer alone. Responses to B.
cepacia LPS were slower to develop, rising to 1.8 times the
levels on neutrophils treated with buffer alone by 90 min and
reaching statistical significance after 120 min (P , 0.01). In-
cubation with P. aeruginosa LPS had little effect on CD11b
expression over the entire incubation period.

Priming of FMLP-induced respiratory burst activity by LPS
from B. cepacia and E. coli. DHR was used to detect the pres-
ence of intracellular H2O2 as a measure of neutrophil respira-
tory burst activity. Unstimulated neutrophils and unprimed
neutrophils stimulated with FMLP fell within the R1 region
(Fig. 3A) on the basis of size and granularity. Stimulation
of LPS-primed neutrophils with FMLP was associated with
changes in the forward and side scatter characteristics of a
subpopulation of neutrophils (Fig. 3B and C, R2). By contrast,
neither LPS priming alone nor stimulation of unprimed neu-
trophils with FMLP was associated with a shift in neutrophils
from the R1 to the R2 population (Fig. 3A). In all instances,
MCF for R2 populations was greater than MCF for R1 pop-
ulations (Fig. 3D to F). However, as the patterns of change in
MCF within each individual experiment were identical for both
R1 and R2 neutrophils, respiratory burst activity was generally
expressed as the MCF of the total neutrophil population (R1
plus R2).

Both E. coli O18K2 and B. cepacia J2315 LPS primed for
responses to FMLP in a dose-dependent manner. By contrast,
P. aeruginosa J1385 LPS had no priming effect on neutrophils.
Priming effects of E. coli LPS could be detected at lower
concentrations (1 ng/ml) than for B. cepacia LPS (10 ng/ml)
and were greater in magnitude at all concentrations tested
(data not shown). Subsequent time course experiments were
carried out with 100 ng of LPS per ml as standard. Neutrophils
from individual donors varied considerably in both the magni-
tude and timing of priming responses (Fig. 4), but several
general trends could be observed. None of the LPS prepara-
tions induced a respiratory burst in the absence of stimulation

with FMLP (data not shown). Preincubation with buffer alone
was associated with little or no priming of responses to FMLP.
However, both E. coli LPS and B. cepacia LPS were potent
priming agents of a respiratory burst response, with priming
occurring after as little as 30 min of incubation. In assays using
neutrophils from three of four donors, priming responses oc-
curred more rapidly and displayed greater peak activity follow-
ing stimulation with E. coli LPS rather than B. cepacia LPS
(Fig. 4A to C). However, for one individual, little difference
was observed between E. coli and B. cepacia LPS in both the
speed and magnitude of priming responses (Fig. 4D).

In selected experiments, R1 and R2 populations were ana-
lyzed individually with respect to both MCF and the number of
neutrophils in each population. In all instances, MCF activity
was greatest within the R2 population, although considerable
overlap in results for individual neutrophils occurred (Fig. 3D
to F). Priming with both E. coli and B. cepacia LPS increased
FMLP-induced respiratory burst responses in both R1 and R2
populations in a dose-dependent manner. Furthermore, LPS
was associated with a shift of neutrophils from the R1 to the
R2 population on stimulation with FMLP, so that the increase
in MCF within R2 correlated in a linear fashion with an in-
crease in the percentage of total neutrophils within the R2
population (r2 5 0.94), while an increase of MCF within R1
correlated with a decrease in the percentage of neutrophils
within the R1 population (r2 5 0.94). Thus, LPS priming ap-
peared to have a dual effect by first increasing the magnitude
of responses in both R1 and R2 neutrophils and second shift-
ing neutrophils into the highly responsive R2 population.

Neutrophil activation by LPS from a range of B. cepacia and
P. aeruginosa strains. LPS from representative strains of B.
cepacia and P. aeruginosa (Table 1) were investigated for the
ability to induce CD11b and to prime FMLP-induced respira-
tory burst responses. LPS from E. coli O18K2 was included as
a positive control and induced maximal CD11b expression at
2.7 times the levels induced by buffer alone (Fig. 5). LPS from
all B. cepacia strains, except the environmental strain J2540,
induced levels of CD11b expression comparable to those in-
duced by E. coli LPS. Furthermore, LPS from all B. cepacia
strains, including J2540, induced CD11b levels which were
higher than those induced by all P. aeruginosa LPS prepara-
tions. Of the P. aeruginosa strains tested, only LPS from strain
PAO1, the classic laboratory strain, increased CD11b expres-
sion above that of unprimed neutrophils, while LPS from both
a nonmucoid (J1385) and a mucoid (C1250) CF strain had no
effect. Direct comparison of individual P. aeruginosa with B.
cepacia strains by Student’s t test found a significant difference
(P , 0.05) for all combinations except PAO1 and J2540. Fi-
nally, analysis of variance between mean results for P. aerugi-
nosa and B. cepacia strains indicated a significant difference
between these populations for CD11b induction (P , 0.001).

Similar trends were observed for the priming effect of LPS
on an FMLP-induced respiratory burst (Fig. 6). LPS from B.
cepacia J2552 and E. coli O18K2 primed intracellular H2O2
production to the greatest degree, with an approximately 10-
fold increase in responses to FMLP following incubation with
both LPS compared to neutrophils stimulated with buffer
alone. LPS from all B. cepacia strains primed responses to
levels greater than for all P. aeruginosa strains tested, and these
observations were significant for all combinations of strains
except PAO1 and J2540 (Student’s t test, P , 0.05). Although
slight neutrophil-priming effects were observed for LPS prep-
arations from both P. aeruginosa PAO1 and P. aeruginosa
C1250, these results were not statistically significant. LPS from
P. aeruginosa J1385 had almost no effect on FMLP-induced
respiratory burst activity compared to buffer controls. Again,

FIG. 2. Time course of induction of CD11b on neutrophils following stimu-
lation with buffer alone (V) or LPS (100 ng/ml) from E. coli O18K2 (■),
B. cepacia J2315 (Œ), and P. aeruginosa J1385 (}) at 37°C. Results are expressed
as a percentage of the MCF of neutrophils treated with buffer alone at time zero
(mean of four experiments 6 standard error of the mean).
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analysis of variance confirmed a significant difference between
LPS from the P. aeruginosa and B. cepacia populations tested
(P , 0.001).

DISCUSSION

Neutrophil activation in response to bacterial colonization
has been implicated in the pathogenesis of CF lung disease by
initiating and sustaining a cycle of increasing lung damage and
bacterial colonization (9, 26). In this study, we investigated the
role of B. cepacia LPS in two aspects of neutrophil activation:
first, the up-regulation of surface CD11b; and second, the
priming of neutrophil respiratory burst responses. We used
flow cytometry to analyze neutrophils within a whole blood cell
population from which plasma had been removed. Comparison

of neutrophil size, granularity, and CD11b expression indi-
cated that this procedure did not activate neutrophils to any
significant degree.

CD11b associates with CD18 to form the b2 integrin com-
plement receptor 3 (CR3), which is expressed on the cell sur-
face of granulocytes and macrophages/monocytes and is in-
volved in numerous neutrophil functions, including adhesion,
transmigration, phagocytosis, and activation (10). Increased
surface expression of CR3 is a prerequisite for neutrophil
transmigration from the pulmonary circulation to the alveolar
spaces; thus, up-regulation is seen early in neutrophil activa-
tion processes (2, 38). In the present study, we have demon-
strated that LPS from both clinical and environmental strains
of B. cepacia induced a marked increase in neutrophil CR3
expression. By contrast, LPS from three representative P.

FIG. 3. Size, granularity, and intracellular H2O2 production of neutrophils stimulated with FMLP following preincubation with E. coli LPS. (A to C) In the dot plots
of side versus forward scatter, neutrophils are gated as two populations, R1 and R2. (D to F) Histograms showing fluorescence of neutrophils in populations R1 and
R2 in the presence of DHR. Neutrophils were preincubated for 90 min with buffer alone (A and D) or LPS at 1 (B and E) or 100 (C and F) ng/ml.
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aeruginosa strains had little effect on CR3 expression. These
results are consistent with those of Shaw et al. (37), who first
reported that B. cepacia LPS induced a TNF-a response from
circulating blood monocytes which was ninefold greater than
that induced by P. aeruginosa LPS. TNF-a was detectable be-
tween 2.5 and 4.5 h after the addition of B. cepacia LPS, and
levels peaked at approximately 3.5 h. As the assays in the
present study were carried out on a whole blood cell popula-
tion, it is possible that the increase in CR3 expression was due
to secondary stimulation of neutrophils following the release of
cytokines from the monocyte population. Indeed, at low LPS
concentrations, an increase in neutrophil CD11b expression
occurred after 3 h, possibly through stimulation by monocyte-
derived TNF-a. However, the earlier timing of responses to

higher concentrations of LPS (,2 h) suggests a direct effect of
LPS on neutrophils.

Respiratory burst activity occurs late in neutrophil activation
processes and may be increased by prior exposure of neutro-
phils to priming agents, including LPS (1, 18, 21, 24, 25, 32).
The bacterially derived peptide FMLP triggers respiratory
burst activity in primed neutrophils. In the present study, little
or no respiratory burst response was observed in unprimed
neutrophils stimulated with FMLP. This is in agreement with
the observations of previous investigators (8, 45) and confirms
the low activation state of neutrophils in the whole blood cell
preparations used. E. coli LPS has been demonstrated to prime
FMLP-induced respiratory burst responses in neutrophils (24).
Comparison of B. cepacia and P. aeruginosa LPS with E. coli
LPS in the present study indicates that while B. cepacia LPS
molecules were potent neutrophil-priming agents, little prim-
ing activity was induced by P. aeruginosa LPS. Of the B. cepacia
strains tested, only J2540, an environmental strain, failed to
induce priming significantly above the levels of all of the P.
aeruginosa strains tested. In time course experiments using
LPS from B. cepacia J2315 and E. coli O18K2, priming was
observed after as little as 30 and 45 min, respectively, suggest-
ing that neutrophil-priming responses were not secondary to
LPS-induced cytokine release from circulating monocytes. LPS
from two P. aeruginosa strains, PAO1, a well-characterized
laboratory strain, and C1250, a mucoid strain isolated from a
CF patient, primed neutrophils to a low degree. However, LPS
from a nonmucoid CF strain, J1385, had no priming effect.
Interestingly in a study of LPS extracted from five CF strains of
P. aeruginosa, Kharazmi et al. (25) observed similar variation in
neutrophil priming, with LPS from two mucoid strains showing
the greatest overall activity.

Our observation of a high degree of correlation between
mean CR3 surface expression and mean FMLP-induced respi-
ratory burst activity agrees with recently published studies (8).
Unlike increased CR3 expression, however, priming responses
were not uniform throughout the neutrophil population, and a
subpopulation of highly responsive neutrophils was identified
by changes in size (forward scatter) and granularity (side scat-
ter) on stimulation with FMLP (Fig. 3, R2). These results
correspond to those of Yee and Christou (45), who observed
that the FMLP-induced elevation of intracellular Ca21 levels

FIG. 4. Priming of FMLP-induced neutrophil respiratory burst responses by
preincubation with buffer alone (E) or LPS (100 ng/ml) from E. coli O18K2 (■)
or B. cepacia J2315 (Œ) for up to 3 h. Charts show results from studies on four
individual donors. Intracellular H2O2 production is expressed as the MCF of the
total neutrophil population stimulated with FMLP in the presence of DHR.

FIG. 5. Induction of CD11b on neutrophils following 90 min of incubation at
37°C with buffer alone (1) or LPS (100 ng/ml) from strains of P. aeruginosa (p),
B. cepacia (h), and E. coli (z). Results are shown as the log10 MCF of the
neutrophil population (mean of six experiments 6 standard error of the mean).

FIG. 6. Priming of FMLP-induced intracellular H2O2 production in neutro-
phils following 90 min of incubation at 37°C with buffer alone (1) or LPS (100
ng/ml) from strains of P. aeruginosa (p), B. cepacia (h), and E. coli (z). Results
are shown as the log10 MCF of the total neutrophil population in the presence
of DHR (mean of five experiments 6 standard error of the mean).
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in neutrophils primed with LPS was due to raised levels in a
subpopulation of responsive cells. In the present study, highly
responsive cells were virtually absent in unprimed populations
but appeared in samples primed with LPS from both B. cepacia
and E. coli. The observed changes in forward and side scatter
for R2 neutrophils may simply reflect the activation of these
cells following FMLP stimulation. However, since respiratory
burst responses also increased among R1 neutrophils, and
since a considerable overlap in individual responses for neu-
trophils in R1 and R2 populations was observed, it seems more
probable that LPS is associated with a significant phenotypic
change in R2 neutrophils prior to stimulation with FMLP. The
nature of such a phenotypic change remains unclear but could
involve changes in receptor expression. However, comparison
of histogram distributions of CD11b expression and FMLP-
induced intracellular H2O2 production indicated that the
highly responsive subpopulation of neutrophils could not be
identified on the basis of increased CR3 expression. FMLP
receptors were not measured in the present study; however,
previous investigators have found that both CR3 and FMLP
receptors are up-regulated on LPS-treated neutrophils in a
unimodal fashion, with no evidence of neutrophil subpopula-
tions (45), suggesting that increased receptor expression is not
the mechanism underlying the highly responsive phenotype.

The data presented here indicate that B. cepacia LPS may be
an important virulence determinant in the development of
inflammation in response to B. cepacia infection. The demon-
stration of neutrophil-priming activity even in the absence of
plasma is particularly relevant to the CF lung, where concen-
trations of plasma factors are likely to be low, due both to poor
diffusion into bronchiectatic airways and to the presence of
high concentrations of proteolytic enzymes (9). The necrotiz-
ing pneumonitis and bacteremia which are characteristic of
cepacia syndrome are unique to B. cepacia infection and have
never been described in CF infection caused by P. aeruginosa.
The up-regulation of CR3 expression in neutrophils exposed to
B. cepacia LPS may be involved in the increased recruitment of
neutrophils to the lung. At the same time, B. cepacia LPS may
prime neutrophil responses to increase the release of tissue-
damaging enzymes and reactive oxygen species from activated
neutrophils. It is tempting to speculate that cepacia syndrome
develops whenever the burden of activated neutrophils within
the lung becomes too great for overstretched regulatory mech-
anisms, increasing the rate of inflammatory damage and per-
mitting the bacteremic spread of B. cepacia beyond the lung
parenchyma.

Environmental B. cepacia strains are currently being devel-
oped as biological control agents, both in the control of fungal
plant pathogens and in the bioremediation of contaminated
landfill sites (3, 12, 20, 22, 27, 36). Identification of strains
which may represent a human hazard is therefore of para-
mount importance if B. cepacia is to be released on a large
scale, particularly in agricultural programs. Recently, taxo-
nomic analyses have revealed that bacterial strains currently
identified as B. cepacia consist of at least four distinct species
or “genomovars” (16, 35). Although numbers were small, in-
vestigation of a panel of CF, non-CF clinical, and non-CF
environmental isolates suggested that strains belonging to
genomovars II and III were associated with colonization and,
in some cases, transmissibility in CF, while strains belonging to
genomovar III were associated with severe disease and cepacia
syndrome in CF patients (16). By contrast, most environmental
isolates, including the B. cepacia phytopathogenic type strain
ATCC 25416, belonged to genomovar I, which is less common
in CF patients. A survey of Belgian CF patients identified
genomovars II, III, and IV among B. cepacia-colonized pa-

tients but no genomovar I isolates (35). Comparison of a geno-
movar III strain (J2315) with two genomovar I strains (J2540
and J2552) in the present study has shown, however, the in-
flammatory potential of LPS from strains of both genomovars.
Thus, the rarity of genomovar I isolates in CF may reflect the
poor colonizing ability of these strains rather than any intrinsic
lack of pathogenicity. As it is currently impossible to predict
the effect of increased exposure on the risk of a CF patient
acquiring a genomovar I strain, we believe that the use of
environmental B. cepacia strains in large-scale agricultural re-
lease programs must be carefully reviewed and monitored.
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