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Abstract
Background—Local production of IgA and IgE in the airways has been proposed to be an important
event in both immune protection from pathogens and the pathogenesis of airway allergic diseases.

Objective—The objective of this study was to investigate the production of B cell-activating factor
of the TNF family (BAFF), an important regulator of B cell survival and immunoglobulin class switch
recombination, in bronchoalveolar lavage (BAL) fluid after segmental allergen challenge (SAC) of
allergic subjects.

Methods—SAC with saline or allergen was performed in 16 adult allergic subjects. BAL was
performed at both saline-and allergen-challenged sites 20–24 hr after challenge. Concentrations of
B cell-active cytokines including BAFF, IL-6 and IL-13 were measured using specific ELISA and
cytometric bead array assays.

Results—BAFF protein was significantly elevated in BAL fluid after allergen challenge (53.8 pg/
ml (0–407.4 pg/ml), p=0.001) compared with those at saline sites (0 pg/ml (0–34.7 pg/ml)). In the
BAL fluid after allergen challenge, BAFF levels were significantly correlated with absolute numbers
of total cells (r=0.779, p<0.001), lymphocytes (r=0.842, p<0.001), neutrophils (r=0.809, p<0.001)
and eosinophils (r=0.621, p=0.010) but did not correlate with macrophages. Normalization to
albumin indicated that BAFF production occurred locally in the airways. BAFF levels were also
significantly correlated with other B cell-activating cytokines, IL-6 (r=0.875, p<0.001) and IL-13
(r=0.812, p<0.001).

Conclusion—The antigen-induced production of BAFF in the airway may contribute to local class
switch recombination and immunoglobulin synthesis by B cells.
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INTRODUCTION
Allergic diseases are among the most common chronic inflammatory diseases worldwide.1
IgE has been associated with allergic diseases including asthma and rhinitis. Mast cells and
basophils are key effector cells for IgE-mediated immune responses via cross-linking of their
cell surface high affinity IgE receptor FcεRI.2, 3 After activation of cross-linking of FcεRI,
mast cells and basophils release a wide variety of biological mediators including histamine,
prostaglandins, leukotrienes, cytokines and chemokines.2, 3 Thus, IgE can trigger both
immediate allergic reactions and late phase allergic reactions by the activation of mast cells
and basophils.

Allergic reactions occur frequently in the mucosal tissues of the respiratory tract, skin and gut.
In airway inflammatory diseases, local B cell class switch recombination (CSR) and synthesis
of IgE and IgA can mediate activation of airway mast cells and eosinophils, respectively, in
response to antigen exposure.4, 5 B cell clusters and IgA- and IgE-expressing B cells and
plasma cells are found in the lamina propria of the nasal mucosa of patients with upper airways
allergic disease.6 The levels of antigen-specific IgE are frequently found to be much higher in
the airways and in the nasal mucosa than in the serum of individuals allergic to airborne
allergens.7–10 Formation of IgE germline transcripts, which are biomarkers of the initial step
of IgE CSR, is frequently found in the nasal mucosa of patients with allergic rhinitis, but usually
only during the pollen season.6 IgE germline transcripts are also found in the bronchial mucosa
of patients with atopic asthma and non atopic asthma but not in control subjects.11 Antigen
specific IgE is significantly increased in BAL of asthmatic subjects after segmental allergen
challenge (SAC).12, 13 Although it is now accepted that B cell accumulation, CSR and
immunoglobulin production all occur locally in the airway,4, 5 the mechanism of local CSR
and immunoglobulin production is not fully understood.

CSR is a process by which B cells shift from expression of the IgM H chain C region (Cμ) to
another C region to make a new isotype of antibody. In general, CSR requires two signals.4,
5, 14 The first is normally through T cell cytokines including IL-4, IL-10, IL-13 and TGF-β
which target specific CH genes for transcription. The second is delivered by the engagement
of CD40 on B cells by its ligand, CD40 ligand, on activated T cells. B cell-activating factor of
the TNF family (BAFF; also known as BLyS, TNFSF13B, TALL-1 and THANK) is a recently
identified member of the TNF super family that plays important roles in B cell survival,
proliferation and maturation.15, 16 Although CSR is generally thought to be highly dependent
on the interaction of CD40 and CD40 ligand, it has been recognized that BAFF can also play
a role as a second signal for CSR in the absence of T cells or CD40-dependent signaling.16,
17 BAFF binds to two high affinity receptors that are selectively expressed on B cells, including
BAFF receptor (BAFF-R) and transmembrane activator and CAML interactor (TACI).16
BAFF-R is a potent regulator of mature B cell survival and IgE production by BAFF.18 TACI
is critical for CSR and production of IgA immunoglobulins in humans.19 BAFF can also bind
to a low affinity receptor, B cell maturation antigen (BCMA).16 Although BAFF is a critical
factor for T cell independent immunoglobulin production, other cytokines are also required for
CSR (e.g., IL-4 and IL-13 for IgE class switching). While BAFF has been recognized to mainly
be a product of myeloid cells such as monocytes, dendritic cells (DCs) and neutrophils, non-
lymphoid cell types also produce BAFF, including salivary gland epithelial cells, fibroblast-
like synoviocytes and astrocytes.16, 17 Recently we have reported that BAFF is also produced
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by bronchial epithelial cells and nasal epithelial cells at a similar order of magnitude as that
produced by myeloid cells.20, 21

Segmental allergen challenge (SAC) is widely used to study immune mechanisms of human
allergic subjects in vivo and is a well known and relatively safe tool.22 In the present study,
we investigated whether BAFF is induced by allergic reactions in human lower airways in
vivo using SAC. We report here that BAFF is produced in the lower airway of allergic subjects
following allergen exposure and the levels of production were highly correlated with the
appearance of the other B cell activating cytokines, IL-6 and IL-13. These findings imply that
exposure to antigen in the airway activates a process that stimulates the release of cytokines,
including BAFF and others, that are known to promote CSR and immunoglobulin synthesis
by B cells.

METHODS
Subjects and study protocol

Sixteen allergic subjects (9 males, 7 females) were recruited from the Johns Hopkins Asthma
and Allergy Center. They ranged in age from 18 to 43 years (median, 33 years) and were
classified as previously described based on history, allergy skin testing, lung function, and
methacholine challenge.23 Details of subjects’ characteristics are included in Table I. All
subjects signed informed consent, and the protocol and consent forms governing procedures
for this study were approved by the Johns Hopkins Bayview Medical Center Institutional
Review Board for Human Subjects Research. Bronchoscopy was performed in accordance with
National Institutes of Health guidelines and as reported in previous studies.12, 24, 25

The allergen selected for SAC was prioritized as 1.) ragweed, 2.) D. pteronyssinus, or 3.) D.
farinae based on individual sensitivity. Allergens were selected to have low endotoxin content
(range .125 – 25 endotoxin units/ml in undiluted stock preparations). The allergen
concentration used for SAC was titrated for each individual based on allergen sensitivity to
intradermal skin testing as previously described.24 Subjects were premedicated with 0.6 mg
of atropine and 0.1 mg of fentanyl administered intravenously. After inhalation of nebulized
4% lidocaine, an Olympus BF10 fiberoptic bronchoscope (Olympic Corp., Lake Success, N.Y.)
was inserted into the lower airways. Local anesthesia was supplemented with 2% lidocaine. A
control sham challenge was performed by instilling 5 ml of normal saline into a subsegment
of the lingula or right middle lobe. Antigen challenge was then performed by wedging a
subsegment of the opposite lung (middle lobe or lingula) followed by instillation of 5 ml of
ragweed (Greer Laboratories, Lenoir, NC), Dermatophagoides farinae (Greer Laboratories) or
Dermatophagoides pteronyssinus (Greer Laboratories) antigen (Table 1). In two individuals,
challenges were performed into wedged airway segments by 2 minute aerosols of normal saline
or allergen (Table 1). After 20–24 hours, a second bronchoscopy was performed with
bronchoalveolar lavage (BAL) at the sites of the normal saline and antigen challenges. BAL
was performed with five, 20 ml aliquots of normal saline pre-warmed to 37°C. BAL fluid from
each site was pooled and processed separately for cell, cytokine and albumin measurements.
Blood samples (except in one patient) were collected at the time of the BAL after allergen
challenge for cytokine and albumin measurements in the serum.

Cell counts
The volume of fluid recovered from each 100 ml lavage specimen was recorded. Before
centrifugation, aliquots of fluid were removed for measurement of cell counts with a
hemocytometer; cell viability was determined by trypan blue-dye exclusion; and differential
cell counts were obtained by a Diff-Quik stain (American Scientific Products, McGaw Park,
Ill.) of cytocentrifuge preparations (Cytospin; Shandon Southern Instruments, Inc., Sewickley,
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Pa) as previously described.24 Total cells was calculated as volume of BAL fluid recovered ×
cells/ml by hemocytometer count. Total counts of each cell type were calculated as total cells
× percent of each cell type determined by differential cell counts.

Soluble protein measurement
The concentrations of BAFF (R&D systems, Minneapolis, MN) albumin (Bethyl Laboratory,
Montgomery, TX), IgA (Bethyl Laboratory) and sIgA (ALPCO Diagnostics, Salem, NH) in
BAL fluids and in the serum were measured with specific ELISA kits. The minimal detection
limits for these kits are 31 pg/ml, 6.25 ng/ml, 7.8 ng/ml and 22.2 ng/ml, respectively. The
concentrations of IL-6, IL-13 and IgE in BAL fluids were measured using a cytometric bead
array (CBA) human IL-6 Flex Set, CBA human IL-13 flex set and CBA human IgE flex set
(BD Biosciences, San Jose, CA). In brief, 50 μl of the mixed capture beads and 50 μl of BAL
fluid were incubated for 1 hour at room temperature. After adding 50 μl of the PE detection
reagent to the mixture and incubation for 2 hours at room temperature, the beads were then
washed with the wash buffer and analyzed with a BD FACSArray Bioanalyzer (BD
Biosciences). The CBA data was analyzed with FCAP Array software version 1.0.1 (BD
Biosciences). The minimal detection limits are 5 pg/ml (IL-6), 5 pg/ml (IL-13) and 1 ng/ml
(IgE).

Statistical Analysis
All data are reported as the medians (range; minimum to maximum). Differences between
groups were analyzed using the Wilcoxon signed rank test or the Mann-Whitney U-test.
Correlations were assessed by using the Spearman’s rank correlation. A p value of less than
0.05 was considered significant.

RESULTS
Subject characteristics

To determine the relevance of BAFF expression in experimental allergic responses in the lower
airway, BAL fluids were collected from twelve allergic asthma subjects, 8 males (7 African
American and 5 Caucasian subjects) and four allergic rhinitis subjects, 1 male (3 African
American and 1 Caucasian subjects) after challenge with allergen or saline. Subject
characteristics are shown in Table I.

Inflammatory cell responses in BAL fluid
Recovery of BAL fluid did not differ between saline-challenged sites (median, 49%; 28–63%)
and allergen-challenged sites (median, 42%; 16–79%) (Table E1). As we expected, SAC
induced a vigorous inflammatory cellular response in allergic subjects (Table 2), as previously
reported.12, 24–26 Total cell numbers were approximately 3-fold greater at allergen-
challenged sites than saline sites. Most cells found at the saline-challenged sites were
macrophages. At allergen-challenged sites, lymphocytes, neutrophils and eosinophils were
present in significant numbers (Table 2).

Detection of BAFF in BAL fluid
Shown in Fig. 1A are the ELISA results for BAFF using BAL fluids obtained 20–24 hours
after segmental challenge. BAFF levels were below the limit of detection in most of the samples
from saline sites with the exception of one patient (34.7 pg/ml). In the allergen-challenged
sites, BAFF protein levels (median, 53.8 pg/ml; 0–407.4 pg/ml) were significantly increased
compared to those at saline sites (p=0.001). We did not find any difference in this response
between subjects with asthma or rhinitis or when using different allergens (RW or DPT) (Table
E1).
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BAFF is known to circulate in the blood, and serum levels have been reported in the range of
500–1500 pg/ml.27, 28 To elucidate whether elevation of BAFF protein in BAL fluid after
allergen challenge reflects local production in the airway or if it reflects plasma leakage, we
measured the concentration of albumin and used it as a marker of plasma exudation. Albumin
concentrations in BAL fluid were significantly increased after challenge (35 μg/ml (15–104
μg/ml) after saline challenge versus 370 μg/ml (43–3362 μg/ml) after antigen challenge,
p=0.001) (Table E1). When we normalized the concentration of BAFF to the concentration of
albumin in BAL and serum, the BAFF concentration in BAL fluid after allergen challenge
(median, 87.4 pg/mg of albumin) was still significantly higher than in BAL fluid after saline
challenge (median, 0 pg/mg of albumin, p=0.042, see Fig. 1B). BAFF normalized to albumin
was also higher in the BAL of antigen-challenged sites when compared to levels in the serum
(median, 24.7 pg/mg of albumin, p=0.022). This data suggests that BAFF is produced and/or
released locally after allergen exposure in the airway even though some of the BAFF protein
observed in the BAL after antigen challenge may appear as the result of vascular leakage.

Levels of BAFF correlate with allergen-induced inflammatory cells and cytokines
In the BAL fluid after allergen challenge, BAFF levels were strongly correlated with absolute
numbers of total cells (r=0.779, p<0.001), lymphocytes (r=0.842, p<0.001), neutrophils
(r=0.809, p<0.001) and eosinophils (r=0.621, p=0.010) (Fig. 2). No significant correlation was
found between BAFF concentrations and macrophage numbers (Fig. 2).

We also analyzed the concentrations of other B cell-activating cytokines, IL-6 and IL-13, in
the BAL fluid and in the serum. Confirming previous reports,25, 29 we observed that the
concentrations of IL-6 and IL-13 after allergen challenge were significantly increased in BAL
fluid (IL-6; 88.4 pg/ml (9.9–7549 pg/ml), IL-13; 11.7 pg/ml (0–339.7 pg/ml)) when compared
with saline challenge (IL-6; 4.2 pg/ml (1.2–54.1 pg/ml), IL-13; 0 pg/ml) or compared to levels
in the serum (IL-6; 8.1 pg/ml (0–106.4 pg/ml), IL-13; 0 pg/ml) (Fig. 3A). Using BAL fluid
data obtained from allergen-challenged segments only, we found that the levels of BAFF were
strongly correlated with the levels of IL-6 (r=0.875, p<0.001) and IL-13 (r=0.812, p<0.001)
(Fig. 3B).

Detection of immunoglobulins in BAL fluid
We also analyzed the concentrations of total immunoglobulins, IgA, sIgA and IgE, in the BAL
fluid and in the serum. The concentrations of total IgA and total IgE after allergen challenge
were significantly increased in BAL fluid (IgA; 22.6 μg/ml (7.1–345.1 μg/ml), p=0.002, IgE;
12.8 ng/ml (1.4–776.5 ng/ml), p=0.007) when compared with saline challenge (IgA; 6.3 μg/
ml (2.5–15.1 μg/ml), IgE; 1.3 ng/ml (0–15.2 ng/ml)) (Fig. E1A and Table E1). In addition, the
concentrations of IgA (r=0.887, p<0.001) and IgE (r=0.627, p=0.009) were strongly correlated
with the level of BAFF in BAL fluid from allergen-challenged segments (Fig. E1B). However,
when we normalized the concentration of immunoglobulins to the level of albumin in BAL
and serum, the concentrations of IgA and IgE in BAL fluid after allergen challenge were not
higher than in BAL fluid after saline challenge or in the serum (Fig. E1C). In addition, the
concentration of sIgA was not elevated in BAL fluid from allergen-challenged segments (Fig.
E1A).

DISCUSSION
It is now clear that antigen-specific B cells are activated and undergo CSR in the airways during
allergic responses.4, 5 Thus, it becomes important to consider the role that local factors in the
mucosa play in the recruitment, differentiation, activation, and survival of B lymphocytes.
BAFF is an important regulator of B cell activation, proliferation, CSR and immunoglobulin
production. This study provides the first demonstration that BAFF, as well as other B cell-
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activating cytokines, IL-6 and IL-13, was significantly increased in BAL fluid after SAC in
allergic subjects (Fig. 1 and 3). The concentrations of BAFF detected in BAL fluid at allergen-
challenged sites were highly correlated with the absolute numbers of recruited inflammatory
cells, including lymphocytes, neutrophils and eosinophils, but BAFF was not correlated with
the numbers of macrophages. The concentrations of antigen-induced BAFF were also
correlated with the concentrations of other B cell active cytokines, IL-6 and IL-13 (Fig. 2 and
3).

Despite the generality that CSR is restricted to lymphoid organs, it is accepted that local
immunoglobulin CSR and IgE production also occur in the airway.4, 5 It has been reported
from many laboratories that IgE class switching and antigen specific IgE production occur in
the nasal and airway mucosa of patients with allergic asthma and allergic rhinitis, although the
mechanism is not fully understood.4, 6, 11, 12, 30–32 The Th2 cytokines IL-4 and IL-13 are
well known to induce IgE production from B cells. It is well established that IL-4 and IL-13
are induced after SAC in allergic patients and that these cytokines are also induced ex vivo
following allergen exposure of biopsy specimens obtained from allergic subjects.24, 25, 30 In
this report we demonstrate that the concentrations of IL-13 in BAL fluid were significantly
increased after SAC when compared with saline challenge (Fig. 3A). Although we did not
assay IL-4 in the present study, previous studies by our group and others have shown that IL-4
is elevated following SAC.24, 33 While IL-4 and IL-13 can induce formation of the IgE
germline transcript, which is a sterile product of the initial step of IgE CSR, these cytokines
by themselves are not sufficient to induce DNA recombination and IgE synthesis in B cells.
In addition to activation by IL-4 or IL-13, activation of CD40 by CD40 ligand on activated T
cells and/or activation of BAFF-R/TACI by BAFF/APRIL are required to induce CSR and IgE
production.4, 5, 16, 17 In the current study, we present the first evidence that BAFF is
significantly increased in BAL fluid after SAC of allergic patients (Fig. 1A). To eliminate the
possibility that the result merely reflects vascular leakage, we normalized values to the
concentration of albumin as an indicator of plasma leak. Normalized BAFF concentrations in
BAL fluids at allergen-challenged sites were still significantly higher than in BAL fluids of
saline-challenged sites and were higher than normalized values in the serum (Fig. 1B)
suggesting that BAFF is produced locally during experimental allergic reactions in the lower
airway. These results do not totally eliminate the possibility that vascular leakage or active
transport contribute to the increased appearance of BAFF in antigen-challenged airways,
however. Importantly, the IgE class switch-inducing cytokine, IL-13, was also produced locally
after allergen challenge and concentrations of IL-13 were strongly correlated with
concentrations of BAFF (Fig. 3B). In addition, another B cell activator, IL-6, was also induced
in the lower airway and concentrations were significantly correlated with BAFF (Fig. 3B).
Collectively, this data suggests that local production of B cell stimulating cytokines, BAFF,
IL-13 and IL-6, may play a role in local B cell responses, immunoglobulin isotype class
switching and immunoglobulin production in the lower airway of allergic inflammatory
diseases.

We did not identify the origins of BAFF production in the lower airway. It is well known that
BAFF is produced by monocytes, macrophages, dendritic cells, neutrophils and epithelial cells
from several tissues including lungs, nasal airways and sinus tissue and tonsils.16, 17, 20, 21,
34,35 Several groups have reported that T lymphocytes and B lymphocytes are capable of
producing BAFF in several conditions, although the level of expression is rather weak
compared to that of myeloid cells.16, 36, 37 Our present study showed that BAFF
concentrations in BAL fluid after SAC were positively correlated with the numbers of
lymphocytes, neutrophils and eosinophils but not macrophages. This suggests that infiltrating
neutrophils and lymphocytes may play a greater role in BAFF production in the airway after
allergen challenge than resident macrophages (Fig. 2). In the current study, we showed that
eosinophils were the most highly accumulated cells in BAL fluid after allergen challenge,
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which agrees with previous studies showing that the absolute number of eosinophils was
enhanced more than 250 fold (Table 2). However, our previous studies with purified peripheral
blood eosinophils indicated that neither resting eosinophils nor eosinophils primed with IL-5,
GM-CSF, sIgA or IFN-β made BAFF in vitro.21 Previous studies have shown that eosinophils
isolated from BAL are phenotypically distinct from those primed by cytokines in vitro and the
possibility remains that infiltrating eosinophils may make BAFF in the lower airways.38, 39
Another possible source of BAFF observed in the lower airway in the present study is dendritic
cells. DCs are well known to produce BAFF17 and a recent study has shown that DC subsets,
both myeloid DCs and plasmacytoid DCs, are accumulated in BAL fluid after SAC.40
Importantly, DCs, especially plasmacytoid DCs, are well known as type I IFN producing cells.
Type I IFNs, IFN-α and IFN-β, strongly activate DCs, monocytes, macrophages and epithelial
cells to produce BAFF, indicating that alveolar macrophages and airway epithelial cells may
also play an important role in the local production of BAFF, although they are not elevated in
BAL after allergen challenge.17, 20 This suggests that accumulation and activation of DCs in
the lower airway may be one of the key events that induce BAFF production from resident and
infiltrating cells. Recently, we have reported that BAFF is elevated in nasal polyp tissue from
patients with chronic rhinosinusitis, and expression of BAFF is correlated with B cell markers.
This suggests that overproduction of BAFF in nasal polyps may contribute to the pathogenesis
of chronic rhinosinusitis with nasal polyps, perhaps via expansion and activation of B cells.
21 We have also shown that BAFF producing cells in the upper airway include mucosal
epithelial cells and unidentified infiltrating cells in the lamina propria.21 This would support
the suggestion that both infiltrating cells in BAL and tissue epithelial cells may produce BAFF
in the lower airway. In either case, the correlation of local BAFF production with the influx of
inflammatory cells suggests that BAFF production is an integral part of the inflammatory
response driven by allergen. Future studies will be required to determine the precise nature of
the BAFF-producing cells in the lower airway after allergen challenge.

The current finding, that BAFF is elevated in the lower airway after allergen challenge of
allergic subjects, has implications for the local activation of immunoglobulin production and
class switching, as has been proposed to occur in allergic diseases in the airways.4, 5, 12, 31,
32 We therefore analyzed the concentrations of immunoglobulins, total IgA, total IgE and sIgA
in this study. Although normalized IgA and IgE concentrations in BAL fluids at allergen-
challenged sites were not higher than in BAL fluids of saline-challenged sites or in the serum,
the absolute concentrations of IgA and IgE were significantly increased in BAL fluids after
allergen challenges (from 4–10 fold Fig. E1). In addition, the concentration of sIgA, which is
known as the mucosal immunoglobulin and is not found circulating at meaningful levels in the
periphery, was not elevated in BAL fluids from allergen-challenged segments (Fig. 1E). These
results suggest that the elevation of IgA and IgE in BAL fluids during the short 24 hr period
of time after allergen challenge is primarily mediated by vascular leak.

Previous studies have shown that antigen specific IgE is elevated in BAL fluid within 24 hr
after allergen challenge using the same challenge protocol.12, 13 Thus it is quite possible that
local antigen specific IgE production by allergen is regulated by the local production of BAFF
while total IgE levels largely reflect leak during the 24 hr post challenge period. Earlier
studies41 showed that B cell CSR requires substantially longer than 24 hr, suggesting that local
production of antigen specific IgE in the BAL is mediated by B cells that have already
undergone class switching, such as those that are frequently found in airway mucosa of allergic
subjects.4, 11, 32 Mucosal sIgA, which was not elevated in BAL fluid in this study, has to be
transported by the polymeric immunoglobulin receptor in the epithelium after production of
dimeric IgA by plasma cells.42 Thus it is reasonable to expect that the production of sIgA
requires a longer time than the production of monomeric IgA. It is probable that newly class
switched B cells produce local IgA and IgE at a time later than 24 hr post challenge. Local
production of BAFF and IL-13 might induce both IgE production in pre-switched B cells and
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IgE CSR in naive B cells. The direct relevance of BAFF production and B cell response in the
airway is worthy of future investigation using an extended challenge protocol.

In summary, we report here that BAFF is up-regulated in the airway of allergic subjects
following allergen exposure. The concentration of BAFF was significantly higher in BAL at
the allergen-challenged site than in the serum after normalization to serum albumin, suggesting
that BAFF production occurs locally within the airways. BAFF levels at allergen-challenged
sites were highly correlated with levels of IL-13 and IL-6. Our findings indicate that BAFF
and other B cell stimulating cytokines are produced locally in the airway after exposure to
antigen and may contribute to local B lymphocyte responses in airway inflammatory disease
and in host defense.
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Figure 1.
BAFF production in BAL fluid after SAC. (A) Measurement of BAFF in BAL fluids obtained
20–24 hours after segmental allergen challenge or saline challenge was performed using
ELISA. (B) BAFF concentration in BAL and serum was normalized to the concentration of
albumin. The mean concentration of BAFF in the serum was 710±280 pg/ml (mean±SD). SAL;
saline, AG; antigen.
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Figure 2.
BAFF levels correlated with allergen-induced influx of inflammatory cells. Differential cell
counts were obtained using Diff-Quik staining of cytocentrifuge preparations. Correlations
were assessed using the Spearman’s rank correlation.
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Figure 3.
BAL levels of BAFF after allergen challenge were correlated with levels of cytokines. (A)
Measurement of other B cell activators, IL-6 and IL-13, in BAL and in serum, was performed
using CBA assays. (B) Correlations were assessed using the Spearman’s rank correlation. SAL;
saline, AG; antigen.
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Table 2
Inflammatory cell responses in BAL fluid

Saline Allergen P**

Total cells (106 cells) 16.4* (10.4–42.0) # 46.3 (11.9–270.0) 0.001

Macrophages (106 cells) 13.6 (7.5–39.7) 13.9 (5.6–67.0) 0.510

Lymphocytes (106 cells) 1.4 (0.3–5.5) 6.9 (1.5–30.3) 0.001

Neutrophils (106 cells) 0.9 (0.0–7.3) 5.3 (0.9–104.5) 0.002

Eosinophils (106 cells) 0.1 (0.0–1.8) 22.1 (0.2–141.5) 0.001

*
median, #(range);

**
saline vs allergen.
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