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SUMMARY

Exposure to swine dust causes airway in¯ammation with increased levels of proin¯ammatory cytokines,

and in¯ammatory cells in nasal and bronchoalveolar lavage ¯uid (BALF) in healthy subjects. Earlier

studies have suggested that lipopolysaccharides (LPS) might be an important proin¯ammatory factor in

swine dust. Since respiratory epithelial cells and alveolar macrophages are target cells for the inhaled

dust, we therefore compared the release of proin¯ammatory cytokines from normal human bronchial

epithelial cells (NHBE), an epithelial cell line (A549) and from human alveolar macrophages obtained

from BALF from healthy subjects in vitro after incubation with dust collected in swine houses or LPS.

Swine dust or LPS was added to the wells with A549 cells or macrophages and incubated for 8 h at

concentrations of 12´5, 25, 50 and 100 mg/ml. NHBE cells were incubated with swine dust at a

concentration of 25, 50 or 100 mg/ml or with LPS at a concentration of 50 or 100 mg/ml and incubated for

24 h. The supernatants were collected, centrifuged, and IL-6, IL-1b and tumour necrosis factor-alpha

(TNF-a) production was measured using an ELISA method and expressed per 106 cells. Swine dust and

LPS caused a dose-dependant increase of IL-6 production in NHBE cells, swine dust being more potent

than LPS. In A549 cells, only swine dust, but not LPS caused an increase of IL-6 production. Neither

swine dust nor LPS induced IL-1b or TNF-a release from A549 cells. Both swine dust and LPS caused a

dose-dependent increase of IL-1b, IL-6 and TNF-a in alveolar macrophages. Swine dust which

contained 2´2 (0´2) ng endotoxin/100 mg swine dust (0´02%) was almost as potent as LPS in inducing

cytokine release from alveolar macrophages in vitro. We conclude that both epithelial cells and alveolar

macrophages have the capability to contribute to the release of proin¯ammatory cytokines following

exposure to swine dust. Some agent(s) other than LPS in the dust contribute to the marked airway

in¯ammatory reaction.
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INTRODUCTION

Inhalation of dust from swine con®nement buildings (swine dust)

induces airways in¯ammation and systemic effects such as fever,

chills and fatigue [1,2]. The proin¯ammatory cytokines IL-1b,

IL-6, and tumour necrosis factor-alpha (TNF-a) increase in nasal

and bronchoalveolar lavage ¯uid (BALF) and the latter two

increase in serum in healthy human volunteers exposed for 3 h to

dust in a swine con®nement building [3]. These cytokines are

likely to contribute to the local and systemic reactions [4,5]. Little

is known about which agents in the swine dust cause the production

of cytokines and the relative importance of epithelial cells and

alveolar macrophages as a source of these mediators. Although

inhalation of lipopolysaccharide (LPS) may mimic many of the

changes observed following inhalation of swine dust, several

observations suggest that agents other than endotoxin may also

contribute to the reaction following swine dust exposure [5,6].

IL-1, IL-6 and TNF-a are cytokines with proin¯ammatory

properties, with a potential capability to participate in the systemic

and local effects. Probable sources for these cytokines in the

airways are epithelial cells and alveolar macrophages. In the

present study, the secretion of IL-6 from normal human bronchial

epithelial cells (NHBE) and the secretion of IL-6, IL-1b and

TNF-a from an epithelial carcinoma cell line (A549) and human

alveolar macrophages obtained by BAL was studied following in

vitro exposure to swine dust and LPS.
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MATERIALS AND METHODS

Preparation of swine dust

Settled dust was collected approx. 1´2 m above the ¯oor from a

swine con®nement building with approx. 700±900 swine weighing

around 100 kg each. The dust (10 mg) was dissolved in Ham's F-12

or RPMI 1640 (Seromed Biochrom KG, Berlin, Germany) medium

to a ®nal concentration of 1 mg/ml and was mixed for 15 min using

a rotator and subsequently sonicated (Eurosonic, Medelco AB,

Stockholm, Sweden) for 15 min. The endotoxin content of swine

dust was analysed with chromogen version of Limulus amebocyte

lysate assay (QCL-1000, Endotoxin; BioWhittaker, Walkersville,

MD, with Escherichia coli 0111:B4 as standard).

NHBE

NHBE in primary culture (Clonetics Corp., San Diego, CA) were

cultured in serum-free Bronchial Epithelial Cell Growth Medium

(BEGM; Clonetics Corp.). A total of 3´1 ´ 105 cells were seeded

into 80-cm2 plastic ¯asks and grown in BEGM medium. The

cultures were kept at 378C in a humidi®ed atmosphere of 5%

CO2 in air and medium was changed every second day. At

con¯uence, the cells were detached by exposure to trypsin/

EDTA solution (0´025/0´01% in calcium- and magnesium-free

PBS; Clonetics Corp.) and reseeded in 24-well plates at a con-

centration of 4±7 ´ 104 cells/well and grown to subcon¯uence.

At subcon¯uence, 25, 50 and 100 mg/ml swine dust or 50 and

100 mg/ml LPS (lipopolysaccharide B E. coli 0111:B4; Difco,

Detroit, MI) in BEGM medium, 1 ml of each, were added to the

wells with NHBE cells in triplicate and incubated for 24 h.

All culture supernatant samples were centrifuged at 1000 g for

10 min to remove cell debris and particulate material and stored at

ÿ708C until analysis. The cells were detached by trypsinization

and counted in a haemocytometer. Cell viability was determined

by the exclusion of trypan blue (0´4% in saline; Sera-Lab, Crawley

Down, UK).

Pulmonary epithelial cell line (A549)

Cells from the human lung epithelial carcinoma cell line A549

(American Type Culture Collection, Rockville, MD; CCL 185)

were cultured in Ham's F-12 supplemented with penicillin/strep-

tomycin (100 mg/ml), and heat-inactivated (568C, 1 h in oven) fetal

calf serum (FCS) (10% Seromed, Biochrom KG). Frozen cells

were taken from liquid nitrogen and were seeded onto 80-cm2

plastic ¯asks (Nunc, Roskilde, Denmark) and grown to con¯uence

in humidi®ed a 5% CO2 atmosphere at 378C for 5±7 days. The cells

were removed from the ¯ask by trypsin/EDTA treatment (0´05%/

0´02% in calcium- and magnesium-free PBS; Seromed Biochrom

KG). The cells were seeded onto six-well plates to a ®nal

concentration of 3 ´ 105 cells/well. At subcon¯uence the cells

were stimulated with LPS or swine dust to a ®nal concentration

of 12´5, 25, 50 or 100 mg/ml in triplicate or quadruplicate and

incubated for 8 h in medium without serum. Control media were

prepared from cell-free dishes in the same manner. The super-

natants were collected and centrifuged (1000 g, 10 min at 208C)

and stored at ÿ708C until analysis. The cells were detached by

trypsinization and counted in a haemocytometer. Cell viability was

determined by exclusion of trypan blue (0´4% in saline; Sera-Lab).

Alveolar macrophages

Alveolar macrophages were obtained by BAL from six healthy

volunteers. Bronchoscopy was performed through the nose with a

¯exible ®breoptic bronchoscope (Olympus Type 4B2) under local

anaesthesia with 2% lidocaine (Xylocaine; Astra, SoÈdertaÈlje,

Sweden) after premedication with morphine-scopolamine. The

bronchoscope was wedged in a middle lobe bronchus and 250 ml

of sterile saline solution at 378C were instilled in ®ve aliquots of

50 ml. After each instillation, the ¯uid was gently aspirated and

collected in a siliconized plastic bottle kept on ice.

The lavage ¯uid was immediately centrifuged at 200 g for

10 min at 48C. The cells were then resuspended in RPMI medium

supplemented with 5% FCS (heat-inactivated), 100 mg/ml penicil-

lin/streptomycin � 50 mg/ml gentamycin. The total number of cells

was determined by counting in a haemocytometer and cell viability

was determined by the exclusion of trypan blue. Total cell count

obtained per lavage was 17±26 ´ 106 and viability was > 80%. A

total of 106 cells/well were seeded in six-well plates for dose

response studies or 0´3 ´ 106 cells/well in 24-well plates for TNF-a

and IL-6 production over time study and incubated for 2 h at 378C
in 5% CO2. Non-adherent cells were removed after 2 h by washing

with RPMI and the adherent cells were incubated for 18 h in serum-

free medium. After about 18 h of incubation, the cells were washed

with RPMI medium and stimulated with LPS or swine dust at

concentrations of 12´5, 25, 50 and 100 mg/ml in triplicate or

quadruplicate and incubated for 8 h in serum-free RPMI medium.

To study TNF-a and IL-6 production over time, swine dust at a

concentration of 100 mg/ml, or medium only as a control, was

added to the wells in quadruplicate for each time point and

incubated for 2, 4, 6, 8, 10 and 24 h. The supernatants were

collected and centrifuged (1000 g, 10 min for 208C) and stored at

ÿ708C until assay. Control media were prepared from cell-free

dishes in the same manner. The viability of adherent alveolar

macrophages was assessed using trypan blue exclusion.

Cytokine interactions and decay

To study the effect of TNF-a on IL-6 production, 2 ml of puri®ed

recombinant human TNF-a (rTNF-a) (210-TA-010; R&D Systems

Europe Ltd, Abingdon, UK) at concentrations of 0´1, 0´25, 0´5, 0´75,

1´0, 2´5, 5´0 or 7´5 ng/ml in Ham's F-12 were added at subcon¯uence

to the wells with A549 cells in quadruplicate and incubated for

24 h, after which IL-6 was analysed in the supernatant.

To study IL-6 production over time, rTNF-a at a concentration

of 1 ng/ml or medium only as a control were added to the wells in

triplicate and incubated for 1, 2, 4, 6, and 24 h.

In order to study interactions between IL-6 and TNF-a, and

possible cytokine degradation during incubation, IL-6 production

induced by swine dust alone and by swine dust in combination with

TNF-a from two different sources were compared. The A549

epithelial cells were incubated with r-TNF-a or TNF-a standard

30 pg/ml (using kit standard, R&D Systems Europe Ltd) with and

without swine dust 100 mg/ml. The supernatants were harvested

after 24 h incubation, centrifuged, stored and assayed by ELISA

technique. In addition the decay of TNF-a immunoreactivity

during culture was studied.

Cytokine assays

The IL-6, IL-1b and TNF-a in alveolar macrophage and epithelial

cell (A549) supernatants were measured in duplicate by ELISA

using IL-6, IL-1b and TNF-a commercial kits (R&D Systems)

with a detection limit of 3´1, 3´9 and 15´7 ng/l, respectively. The

intra- and interassay coef®cient of variation was < 10%.

In the analysis of IL-6 production from NHBE cells and the

interaction between IL-6 and rTNF-a with and without swine dust,
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an IL-6 ELISA method developed in our laboratory was used. A

human MoAb against IL-6 (R&D Systems; MAB206) was used as

a capture antibody, at a concentration of 4 mg/ml (in PBS), which

was bound to 96-well microtitre plates (Maxisorp; Nunc) overnight

at room temperature. After washing, the wells were incubated with

a blocking buffer (PBS with 1% bovine serum albumin (BSA), 5%

sucrose and 0´15% Kathon) for 1 h at room temperature. After

washing, standard dilutions (3±375 pg/ml) of recombinant human

IL-6 (R&D Systems; 206-IL-010) or sample diluted in PBS/0´1%

Tween (dilution buffer) were added to the wells in duplicate, mixed

on a shaker and incubated for 2 h at room temperature. After

repeated washing, the detection biotinylated antibody (1:250;

R&D Systems, BAF206) in dilution buffer was added and

incubated for 2 h at room temperature. After repeated washing, the

conjugate streptavidin±horseradish peroxidase (HRP) (PQ35580;

in house) was added for 1 h incubation. Following washing, the

substrate K-blue was added and the reaction terminated after

10 min with 1 M H2SO4. Absorbance was read at 450 nm using a

Thermomax 250 reader (Molecular Devices, Sunnyvale, CA), and

the results were analysed with Softmax software (Molecular

Devices). Quantikine serum controls at three different levels

were used as calibrators. The lower detection limit of the assay

is 3 ng/l. The cytokine production was expressed as ng/106 cells.

For duplicated samples an intra-assay coef®cient of variation (CV)

of < 10% and an interassay CV of < 20% was accepted. There was a

high correlation (r� 0´93) between results obtained using the

commercial kit and our method.

Statistical analysis

Data are expressed as mean (s.e.m.). Comparisons are made using

analysis of variance (ANOVA; Statview program, version 4.5;

Abacus Concepts, Inc., Berkeley, CA) and a Fisher's PLSD test

when appropriate. P < 0´05 was considered signi®cant.

RESULTS

The endotoxin content of the swine dust solution was 2´2 ng/100 mg

swine dust. Both swine dust and LPS stimulated NHBE cells

to produce IL-6 at 50 and 100 mg/ml (Fig. 1a). Baseline IL-6

production in NHBE cells was 0´34 (0´04) ng/million cells. At the

highest concentration swine dust increased IL-6 production 14-fold

and LPS four-fold compared with the control. Neither swine dust

8 Z. Wang et al.
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Fig. 1. IL-6 release from normal human bronchial epithelial cells (NHBE)

(a) and A549 epithelial cells (b) exposed to swine dust (X) or lipopoly-

saccharide (LPS; W). Cells were cultured to subcon¯uence, then LPS or

swine dust was added and the culture supernatants were harvested after 24 h

(NHBE) or 8 h (A549) of incubation. The amount of IL-6 released per 106

cells was calculated and expressed as mean (s.e.m.). Each data point is

based on three experiments performed in triplicate (a) and two experiments

performed in triplicate or quadruplicate (b). *P < 0´05; **P < 0´01 com-

pared with baseline (supernatant from cell culture without LPS or swine

dust).
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Fig. 2. Release of tumour necrosis factor-alpha (TNF-a; A) and IL-6 (W)

from alveolar macrophages over time in unstimulated control situation and

after stimulation with swine dust. Alveolar macrophages were incubated

with medium only or with swine dust (100 mg/ml) for indicated time points

(n� 4, with exception of 8 and 24 h where n� 2). The amount of TNF-a

and IL-6 release (ng) per 106 cells was calculated and expressed as mean

(s.e.m.). In the unstimulated control situation the TNF-a and IL-6 release

was below detection limit at all tested time points.



nor LPS stimulated NHBE cells to secrete measurable TNF-a

(below detection limit). None of the tested agents altered cell

viability at any concentration as assessed by trypan blue exclusion

(viability > 90%).

Baseline IL-6 production in A549 cells was 0´01 (0´03) ng/

million cells. Swine dust, but not LPS induced a dose-dependent

release of IL-6 from A549 cells (Fig. 1b). TNF-a and IL-1b were

not detected in the supernatants from epithelial cell cultures after

stimulation with swine dust or LPS. Viability (trypan blue exclu-

sion) remained unchanged (> 90%) after incubation with both

agents at all concentrations.

Baseline IL-6, IL-1b and TNF-a in unstimulated macrophages

was 0´01 (0´01), 0´01 (0´01) and 0´29 (0´29) ng/million cells,

respectively. IL-6 and TNF-a production increased over time

after incubation with swine dust, but under control conditions the

IL-6 and TNF-a release was below detection limit at all tested

time points (Fig. 2). Swine dust and LPS caused a dose-related

increase in IL-6, IL-1b and TNF-a in alveolar macrophages

(Fig. 3). Both LPS and swine dust induced signi®cant increases

in TNF-a at all concentrations, LPS being more potent than swine

Swine dust-induced cytokine release in vitro 9
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Fig. 3. Release of tumour necrosis factor-alpha (TNF-a), IL-6 and IL-1b

from alveolar macrophages incubated with swine dust (X) or lipopolysac-

charide (LPS; W). Alveolar macrophages were obtained from six healthy

subjects and cultured overnight. LPS or swine dust was then added at

indicated concentrations, and incubated for 8 h. The amount of TNF-a, IL-6

and IL-1b released per 106 cells was calculated and expressed as mean

(s.e.m.). Each data point is based on two experiments performed in

triplicates or quadruplicate. **P < 0´01 compared with baseline (super-

natant from cell culture without LPS or swine dust).
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Fig. 4. (a) IL-6 release from A549 epithelial cells exposed to recombinant

human tumour necrosis factor-alpha (rTNF-a). Cells were cultured to

subcon¯uence, then rTNF-a was added at different concentrations and

the culture supernatant was harvested after 24 h. The amount of IL-6

released per 106 cells was calculated and expressed as mean (s.e.m.).

Each data point is based on one experiment performed in quadruplicate. (b)

IL-6 release over time from A549 epithelial cells exposed to rTNF-a. Cells

were cultured to subcon¯uence, then rTNF-a or only medium as a control

was added and the culture supernatant was harvested after the indicated

time points. The amount of IL-6 released per 106 cells was calculated and

expressed as mean (s.e.m.). Each data point is based on one experiment

performed in triplicate.



dust. LPS at the two highest concentrations was also a more potent

stimulus for IL-6 release than was swine dust. There were no

signi®cant differences in the potency of LPS and swine dust in

causing release of IL-1b by alveolar macrophages.

In control experiments where swine dust or LPS were incu-

bated in cell-free media no IL-1b, IL-6 or TNF-a immunoreactiv-

ity was found.

IL-6 production increased in a dose-dependent manner after

stimulation of A549 cells with rTNF-a (Fig. 4a).

IL-6 production increased over time in A549 cells, when

incubated with medium only or after stimulation with rTNF-a

(1 ng/ml). rTNF-a stimulation resulted in a signi®cantly higher

IL-6 production at all tested time points (Fig. 4b).

Swine dust (100 mg/ml) induced a 70-fold increase, rTNF-a

(30 pg/ml) a 4´5-fold increase and the combination of rTNF-a

(30 pg/ml) and swine dust (100 mg/ml) a 80-fold increase in IL-6

production in A549 cells (Fig. 5a). A synergistic effect of swine

dust and TNF-a was found when TNF-a standard was used

(Fig. 5b). After 24 h incubation with TNF-a standard or TNF-a

standard combination with swine dust TNF-a recovery was 64%

(n� 8) and 125%, respectively (n� 10).

DISCUSSION

In this study, we have demonstrated that swine dust and pure LPS

trigger IL-1, IL-6 and TNF-a release in human alveolar macro-

phages in a dose-dependent manner. Swine dust and LPS were

almost equipotent based on weight. Since swine dust contains

approximately 0´002% LPS (by weight), we suggest that other

components than LPS in swine house dust contribute to the

cytokine production in human alveolar macrophages in vitro.

This suggestion is strengthened by the in vitro ®ndings in epithelial

cell cultures. Thus in primary culture of human epithelial cells

(NHBE), swine dust induced a much higher production of IL-6

than did LPS in equal amounts by weight. Furthermore, in the

carcinoma epithelial A549 cells swine dust stimulated IL-6 release

while LPS had no effect in this respect. Since the cytokine

concentrations in the cell culture supernatant increased in a dose-

dependent manner, the ®ndings cannot be explained by inappropri-

ate dosage of the agents. The IL-6 release from NHBE cells was

about 10 times higher than from A549 cells. However, since the

time between exposure and collection of supernatants was longer

in the NHBE experiments, no de®nite conclusions regarding the

relative potency of the cells to produce and release IL-6 can be

drawn from this study. In a previous study swine dust induced a

10-fold greater IL-8 production in NHBE in primary culture than in

A549 cell line measured at the same time after exposure [7]. Thus

the A549 epithelial cell line may not be representative of human

epithelial cells in all respects.

In a previous study we showed that alveolar macrophages and

epithelial cells release IL-8 after exposure to swine dust and LPS

and that glucan and grain dust are much weaker stimuli in this

respect [7]. We have also found that both Gram-positive and Gram-

negative bacteria, which are known to be present in swine dust,

induced IL-8 [9] and IL-6 secretion in epithelial cells (unpublished

data). Swine dust contains different bacteria, both dead and

cultivable. The cultivable ¯ora is dominated by Gram-positive

bacteria [10]. In a human exposure study, bacterial markers both

Gram-positive (muramic acid) and Gram-negative (3-hydroxyfatty

acids) bacteria showed better correlation with IL-6 changes in

serum than did the inhalable dust concentration [5]. The systemic

in¯ammatory response syndrome (SIRS) `sepsis' may be

mimicked by i.v. infusion of LPS, but a large proportion of the

cases of SIRS are caused by Gram-positive bacteria which have no

LPS, suggesting that profound in¯ammation may be induced by

other agents than LPS emanating from Gram-positive bacteria.

LPS is an abundant component of the outer membrane of

Gram-negative bacteria [11]. Systemic administration of LPS

elicits a marked in¯ammatory response, and it is a powerful

stimulant for monocytes/macrophages and other cells to release

cytokines in vitro [12]. Thus LPS triggers the production of

TNF-a, IL-1b, IL-6 and granulocyte-macrophage colony-stimulat-

ing factor (GM-CSF) in monocytes, endothelial cells [13±16] and

alveolar macrophages [17]. In the present study, LPS was used as

reference agent and stimulated alveolar macrophages and NHBE

cells to release cytokines in a dose-dependent fashion as expected.

LPS interacts with several receptors. So far only interaction

10 Z. Wang et al.
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Fig. 5. (a) IL-6 release from A549 epithelial cells exposed to swine dust,

recombinant human tumour necrosis factor-alpha (rTNF-a) or a combina-

tion of swine dust and rTNF-a. Cells were cultured to subcon¯uence, then

swine dust, rTNF-a or a combination of swine dust and rTNF-a was added

and the culture supernatant was harvested after 24 h. The amount of IL-6

released per 106 cells was calculated and expressed as mean (s.e.m.). Each

data point is based on three experiments performed in triplicate or

quadruplicate. (b) IL-6 release from A549 epithelial cells exposed to

swine dust, TNF-a standard supplied with commercial kits or a combina-

tion of swine dust and TNF-a standard. Cells were cultured to subcon-

¯uence, then swine dust, TNF-a standard or a combination of swine dust

and TNF-a standard was added and the culture supernatant was harvested

after 24 h. The amount of IL-6 released per 106 cells was calculated and

expressed as mean (s.e.m.). Each data point is based on two experiments

performed in quadruplicate.
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with CD14 has been demonstrated to activate monocytes and

macrophages, as well as endothelial cells and neutrophils [18].

CD14 exist in a membrane-bound form (on monocytic cell mem-

branes) and as a circulating soluble protein (sCD14). Interaction

between LPS and CD14 is greatly facilitated by a circulating lipid-

binding protein (LBP). A complex of sCD14±LPS formed in the

presence of LBP may interact, e.g. endothelial cells, and activate

them to induce an in¯ammatory response. LPS did not induce IL-6

release from the A549 epithelial cell line and induced only a weak

response in NHBE epithelial cells, which is probably a conse-

quence of the absence of CD14 on epithelial cells. It is not known if

human airway epithelial cells in vivo in normal conditions interact

with LPS via sCD14 and LBP in airway lining ¯uid. It has,

however, been speculated that in airway in¯ammatory conditions,

sCD14 and LBP may become available through extravasation of

serum proteins. It is thus unlikely that the CD14 receptor is

involved in the responses of epithelial cell cultures to swine dust

or LPS in vitro. It is therefore of interest to note that swine dust, but

not LPS, induced marked IL-6 release under such conditions,

suggesting that other mechanisms and agents, possibly present in

bacteria, may be involved.

The present study con®rms previous ®ndings that carcinoma

epithelial cell lines do not produce TNF-a [19]. This is in contrast

to ®ndings in cultured normal human epithelial cells [20,21]. We

wanted to ascertain that the absence of TNF-a response was not

due to concomitant breakdown of immunoreactivity of this cyto-

kine. Our data speak in favour of such a breakdown of TNF-a by

epithelial cells, since we found only 64% recovery after incubation

of the cells with TNF-a. It can thus not be excluded, from the

present study, that the A549 epithelial cells produce TNF-a in

small amounts, since incubation with swine dust and TNF-a gave a

recovery of 125%. Our ®ndings do, however, suggest that epithe-

lial cells have a more restricted cytokine response than alveolar

macrophages in the response to swine dust.

It is known that airway epithelial cells possess TNF binding sites

[22]. In the present study both swine dust and TNF-a induced IL-6

release from epithelial cells. An additive response was observed

when swine dust and rTNF-a were used in combination. However,

when we used TNF-a supplied as the standard of commercial kits

(R&D Systems) a synergistic effect between TNF-a and swine dust

was shown. The TNF-a standard probably contains a component,

apart from TNF-a, which is a very potent inducer of cytokine

release. This component was probably toxic to the cells, since higher

concentrations than 30 pg/ml in¯uenced cell viability. Higher

concentrations of rTNF-a used in the dose±response curve did

not in¯uence the viability of the cells. Our results imply that

TNF-a used as the standard of commercial kits (R&D Systems)

can not be used as a TNF-a stimulus in experiments such as this.

In conclusion, the present study suggests that both alveolar

macrophages and epithelial cells may participate in the release of

in¯ammatory cytokines following exposure to dust from swine

con®nement buildings. Some agent(s) apart from LPS in the dust

are at least equally potent compared with LPS in this in vitro

situation.
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