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Abbreviations

ADCC
AM
APC
BAL
BHR
CD
EDTA
ELISA
FEV,
FCS
G+

G-
HSC
ICAM-1
IL
IFN-y
kD
LPS
MHC
NAL
NK cells
ODTS
PBMC
RPMI
VC
TCR
TNF-a

Antibody-dependent cell mediated cytotoxity
Alveolar macrophage

Antigen presenting cell
Bronchoalveolar lavage

Bronchial hyperresponsiveness

Cluster of differentiation

Ethylene diamine tetraacetic acid
Enzyme-linked immunosorbent assay
Forced expiratory volume in one second
Fetal calf serum

Gram-positive strain of bacteria
Gram-negative strain of bacteria
Hematopoetic stem cell

Intercellular adhesion molecule
Interleukine

Interferon-gamma

Kilodalton

Lipopolysaccharide

Major Histocompatibility Complex
Nasal lavage

Natural Killer cells

Organic dust toxic syndrome
Pheripheral blood mononuclear cells
Roswell Park Memorial Institute 1640 medium
Vital capacity

T cell receptor

Tumour necrosis factor alpha
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Introduction

Background

In a number of reports from Sweden and other countries it has been shown that
individuals working in an agriculture environment (farming) more frequently have
respiratory symptoms and lung injuries than the population in general (Brouwer et
al.,1986; Iversen et al.,1988; Donham et al.,1986; Donham et al.,1989). Fever and
other systemic reactions due to acute exposure of dust are common and an
increased prevalence of chronic bronchitis and other airway related disorders such
as asthma have been reported (Heederik et al., 1991; Randon et al., 2001;
Rylander et al.,1989; Malmberg et al.,1991).

The intensive swine housing began in Europe and Sweden in the early 1960s
and it is not known how many Swedish farmers who are presently working in
environments, in which they are exposed to swine dust. However, it can be
estimated that thousands of farmers in Sweden are exposed to the swine farming
environment in animal confinement buildings, animal breeding/livestock, and at
transportation and storage of agricultural products. Confinement systems imply a
large number of animals within a relatively small space. When weighing animals
prior to slaughter the farmers are exposed to high levels (> 20 mg/m’) of airborne
inhalable dust (Wang et al., 1996; Wang et al., 1997; Larsson et al., 1994) during
long periods of time (hours). Of the inhalable dust, particles >10 ym are trapped
in the upper respiratory tract (nose, throat) whereas the respirable dust (particles <
5 um) reaches the small airways and the alveolar region.

Organic dust

Organic dust from confinement buildings constitute a very complex mixture
containing components of animal and plant origin, as well as microbial
constituents and metabolites. Table 1 lists the major constituents in dust from
swine confinement buildings according to Donham et al. (Donham et al.,1986;
Donham et al., 1985)



Table 1. Swine dust components

Swine dander
Animal hair

Urine

Mite, or their parts
Bacteria

Bacterial endotoxin
(1-3) B -D-glucan
Microbial protease
Pollen grains
Particles of plants
Feed grains

Hay

Silage

Fungal spores
Hyphae or sporangia from any decomposing organic material
Mycotoxins

In swine confinement buildings, the swine themselves contribute to the
composition of the dust primarily by skin shedding and by release of gut
epithelium and micro-organisms by excretion of faecal material (Donham et al.,
1986; Attwood et al., 1987). Plant origin in dust compartments comes from feed
particles (crushed feed), hay, grasses, pollen grains and other plant materials
carried by the animals (Donham et al., 1986).

The air in these buildings also contains irritating gases, such as ammonia,
carbon dioxide, hydrogen sulphide and methane (Malmberg et al., 1991; Crock et
al., 1991) although most often in concentrations below hygienic threshold levels
(von Essen et al., 1999). In addition to direct toxic or allergenic properties, these
products also serve as substrates for the growth of micro-organisms. Urine and
faecal material may form aerosols carrying Gram-negative bacteria (Travers et al.,
1988; Clark et al., 1983; Crock et al., 1991). Micro-organisms found in swine
confinement buildings are listed in Table 2 (Donham et al., 1986).



Table 2. Micro-organisms in swine confinement buildings:

Bacteria Moulds Yeast
Aerococcus viridans Acremonium Candida
Bacillus spp Aspergillus Cryptococcus
Escherichia coli Alternaria Hansenula
Klebsiella Circinella Rhodotorula
Micrococcus lylae Cladosporium Trichosporon
Pseudomonas Fusarium Torulopis
Rhodococcus Geotrichum Prototheca
Staphylococcus lentus Mucor
S.homini Paecilomyces
Xanthomonas Penicillinum
Yersinia Rhizopus

Scopulariopsis brevicaulis

Stemphylium

Dairy farmer

Dairy farmers, who have no respiratory symptoms, frequently have signs of an
ongoing inflammatory airway reaction reflected by an increased number of
activated lymphocytes and antibodies against mould in bronchoalveolar lavage
(BAL) fluid (Cormier et al., 1984; Larsson et al., 1988). These results indicate that
dairy farmers express an immune response to mould which, in the long-term, may
result in allergic alveolitis (Parker et al., 1992; Von Essen et al., 1990).

Swine farmers

In symptom-free swine farmers a subclinical airway inflammatory reaction
dominated by neutrophilic granulocytes has been demonstrated by analysis of
BAL fluid (Larsson et al., 1992; Pedersen et al., 1996; Malmberg et al., 1991).
After a few hours of work in the pig-farming environment the farmer may develop
fever and cough, which disappears within 24 hours after exposure. This condition
is often referred to as organic dust toxic syndrome (ODTS) (Anonymous, 1994)
(May et al., 1990; Malmberg et al., 1993). The prevalence of ODTS in farmers is
6-8% (Zejda et al., 1993) and among swine farmers up to 30% are affected
(Donham et al., 1990; doPico et al., 1984). The prevalence of ODTS is 30-50
times higher than that for allergic alveolitis (Malmberg et al., 1988).

Cells participating in airway inflammation caused by inhaled organic dust

BAL fluid from healthy subjects mainly consists of alveolar macrophages (90%),
lymphocytes (5-10%) and only few neutrophils and eosinophils (1-2%). The
mononuclear phagocytic system consists of monocytes that appear in the blood
stream, and macrophages residing in the tissue. Circulating monocytes
continuously differentiate into macrophages and migrate into the tissues and
macrophages entering the lungs differentiate into alveolar macrophages. During
this differentiation the cell enlarge and its intracellular organelles increase in
number and complexity. The cells acquire increased phagocytic ability, produce



higher amounts of enzymes and start to secrete a number of soluble mediators
such as TNF-a and IL-6 (Schollmeyer et al., 1990; Gordon et al., 1995).
Macrophages are capable of ingesting and digesting exogenous antigens such as
whole micro-organisms and insoluble particles. Lysosomes contribute with
lysozymes and other hydrolytic enzymes for digestion of the internalised content
(Russell et al., 1995). The macrophage membrane has receptors for antibody
subclasses and for complement components which can bind to antigen, and
thereby act as opsonins. Opsonization enhances the phagocytosis more rapidly.
The alveolar macrophages are exposed to a large variety of particles in the inhaled
air and are thereby contributing to the first line of defence (Gordon et al., 1995).

The white blood cells of the immune system are derived from precursors in the
bone marrow. All blood cells arise from hematopoietic stem cells (HSC) that
differentiate into other cell types, are self re-newing and maintain their population
level by cell division. Particular growth factors and cytokines direct the
development into red blood cells, monocytes, granulocytes, lymphocytes or
platelets (Golde et al., 1991).

Monocytes circulate in the blood stream for approximately 8 hours after which
they differentiate into macrophages (Golde et al., 1991). Lymphocytes constitute
20-40% of the human white blood cells and 99% of the cells in the lymph. The
lymphocytes can be divided into three subgroups: T cells, B cells and Natural
killer (NK) cells. T cells can be further sub-divided into T helper cells (T};) and
cytotoxic T cells (T.). T lymphocytes recognise processed antigens together with
the MHC complex. Ty cells (CD4") bind to MHC class II, while cytotoxic T cells
(CD8") bind to MHC class I (Braciale et al., 1987). The main reason for binding
to the MHC complex is to recognise and kill infected host cells and to activate
other cells of the immune system. CD4" T cells can further be functionally divided
into Th, or Th, cells (Mosmann et al., 1989) and this may be directed by different
cytokines (Reiner et al., 1995). Upon activation Th, cells produce IL-2, IFN-y,
TNF-p while characteristic cytokines of Th, cells are 1L-4, IL-5, IL-6 (Mosmann
et al., 1990; Mosmann et al., 1991).

B cells contribute to the immune system mainly by production of antibodies but
is also acting as antigen presenting cells. (Henderson et al., 1995)

NK cells play an important role in host defence against tumour cells but also
against virus infected cells (Sen et al., 1993; Biron et al., 1995).

Granulocytic cells are divided into neutrophils, eosinophils and basophils. The
neutrophils are circulating in the peripheral blood for 7-10 hours before migrating
into the tissue, where they have a life span of only a few days (Gallin et al., 1988).
The bone marrow releases neutrophils as a response to infection and the
neutrophils are the first cells arriving to the site of infection (Rosales et al., 1993).
Eosinophils are involved in the defence against parasites and are together with
basophils capable of releasing biologically active substances, which play an
important role in the allergic response.

Mastcells are large cells containing cytoplasmatic granules. The granules are
containing chemical mediators such as histamine and other pharmacologically
active substances. Mastcells can be activated to release their granules when



antigens cross link antibodies bound to Fc receptors specific for IgE (FceR1) and
IgG (FcyRIID) (Sutton et al., 1993; Beaven et al., 1993; Schwartz et al., 1994).

Cytokines in the inflammatory response

Cytokines are small proteins released from nucleated cells upon activation. They
can exist as cell surface molecules but also as soluble proteins. The following
cytokines are described due to participation in the innate inflammatory response
although not all of these cytokines are studied in this thesis.

Interleukine-1 is a pro-inflammatory cytokine mainly produced by monocytes,
macrophages, B cells, dendritic cells and endothelial cells (Auronet al., 1984).
IL-1 activates the vascular endothelium to express the intercellular adhesion
molecule (ICAM-1) and has a co-stimulatory activating effect on T-lymphocytes.
It also induces fever and increases the production of IL-6 (Acres et al., 1987;
Akira et al., 1990).

Naive T cells re-enters the cell cycle upon activation and divide rapidly. The
proliferation and differentiation is driven by interleukine-2 (IL-2) a protein growth
factor, produced by the activated T cell itself (Jain et al., 1995; Robertson et al.,
1990). IL-2 therefore has an autocrine as well as a paracrine function, which
supports long term growth and enhances T cell activity. Co-stimulatory signals are
required for synthesis and secretion of IL-2. The CD28 molecule, on the T cell,
has to bind to its ligand CD80/CD86 on antigen presenting cells (Fraser et al.,
1991; Allison et al., 1994). When the co-stimulatory signal CD28- CD80/CD86
fails the T cell becomes anergic which results in an attenuated production of
cytokines particularly IL-2 (Fields et al., 1996).

Interleukine-4 is mainly produced by Th, cells (Bendelac et al., 1997) but also
by mastcells (Schwartz et al., 1994) and the target cells are B cells (Banchereau et
al., 1994). It has the capacity to up-regulate class I MHC expression on resting B
cells. IL-4 is capable of down regulating Th, activity and to promote Th,
development and direct class switch 1gG, into IgE (Lorenz et al., 1995; Stavnezer
et al., 1996).

Interleukine-6 (IL-6) is produced mainly by monocytes, macrophages and T
cells and stimulates lymphocyte activation and antibody production. IL-6 also
induces formation of acute phase protein in the liver and is responsible for
induction of fever (Gauldie et al., 1987; Muraguchi et al., 1988; Ritchie et al.,
1983; Nijsten et al., 1987).

Interleukine-8 (IL-8) is produced by phagocytic cells such as monocytes,
neutrophils and endothelial cells and functions as a chemotactic factor for
neutrophils (Cassatella et al., 1992; Streiter et al., 1992; Fujishima et al., 1993).

Interleukine-12 (IL-12) is mostly produced by monocytes and macrophages
(D”Andrea et al., 1992). IL-12 is also known as natural killer cell stimulatory
factor (NKSF) (Kobayashi et al., 1989) and it is a pleiotropic cytokine, that
activates NK cells and induces differentiation of CD4 Th, cells into Th, cells
(Germann et al., 1993).

Tumour necrosis factor-alpha (TNF-a) is produced by monocytes,
macrophages, mast cells and T cells. It activates the vascular endothelium and



increases vascular permeability, which leads to increased fluid drainage and the
entry of IgG, complement and leukocytes to the tissue (Amitage et al., 1994;
Beutler et al., 1990). TNF-a, like IL-1 and IL-6, induce fever (Beutler et al.,
1990) and may, when released into the blood stream in high concentrations,
induce circulatory shock (Baumann et al., 1994).

Interferon-gamma (IFN-y) is a potent multi-functional interferon secreted by
activated NK cells and T cells (DeMaeyer et al., 1988). Human IFN-y is a 35 kD
protein and contains 143 amino acid residues (Sen et al 1993). IFN-y has antiviral
effects and it has the capacity to up-regulate a number of cell functions of
macrophages, NK cells and neutrophils such as anti-microbial and anti-tumour
responses (Sen et al., 1993; DeMaeyer et al., 1988). IFN-y can also exert strong
regulatory influence on the proliferation and differentiation of effector responses
of B cell and T cell subsets and it has Th, promoting effect (Pernis et al., 1995).
These influences can involve IFN-y’s capacity to increase the expression of MHC
class I and MHC class II present on antigen presenting cells (APC) but it has also
a direct effect on NK cells and T cells. IFN-y also up-regulate ICAM-1 expression
on endothelial cells (DeMaeyer et al., 1988; Arai et al., 1990).

Lymphocyte activation markers

CD69, the earliest activation molecule also known as Activation Inducer
Molecule (AIM) or Early Activation Antigen (EAA) is expressed by T, B NK
cells and eosinophils (Lopez-Cabrera et al., 1993). CD69 is involved in early
events of lymphocyte, monocyte and platelet activation and contributes to T cell
activation, by increased Ca’* influx, and in the synthesis of different cytokines,
and their receptors (Testi et al., 1989; Testi et al., 1989).

The expression of CD25 (IL-2 receptor) is increased on T cells following
activation (Corrigan et al., 1992; Hemler et al., 1984). The high affinity 1L-2
receptor is a three chain structure (alpha (o), beta (§) and the gamma (y) chains)
expressed only on activated T cells (Leonard et al., 1994). The § and y chains are
expressed constitutively on resting T cells. Upon activation, T cells induces
synthesis of the a chain and the high affinity heterotrimeric receptor will be
formed and responds strongly to very low concentrations of IL-2 (Jain et al.,
1995; Minami et al., 1993). HLA-DR (human leukocyte antigen) also called
transplantation antigens are present on all nucleated cells. HLA-DR is a late
activation marker for T cells (Corrigan et al., 1992).



Table 3. Other surface markers CD (Cluster of Differentiation) used in this studies are :

CD2 Expressed on T cells, thymocytes and NK cells, also called E-rosette receptor, and is an
adhesion molecule involved in T cell activation

CD3 Composed of a complex of five invariant polypeptide chains that associate with the T
cell receptor

CD4 Co-stimulary receptor to MHC class II restricted T cells

CD8 Co-stimulary receptor to MHC class I restricted T cells

CD14 LPS receptor expressed on monocytes and macrophages.

CDhl16 FcyRIII expressed on macrophages, NK cells and neutrophils, involved in phagocytosis
of antibody complexed antigens and in antibody-dependent cell mediated cytoxicity
(ADCC).

CD19 The earliest cell surface molecule recognisable B lineage cells.

CD45 Leukocyte common antigen. CD45 RA is expressed on naive cells and CD45 RO is
expressed on mature (memory) cells

CD56 NKHI1 neural cell adhesion molecule (NCAM). Expressed on human NK cells and a

subset of T cells.




Alms

The aims of the thesis are:

1. To investigate the participation and activation of lymphocytes in the
inflammatory response to inhaled dust in vivo.

2. To characterise the human T cell response to the dust in vitro.

3. To study the role of phagocytic cells and humoral mediators in dust induced T
cell activation.



Methods

Subjects

In study I, 24 healthy, non-smoking, non-allergic subjects underwent
bronchoalveolar lavage (BAL) and blood was collected. In study II-IV, blood was
collected from 22 healthy, non-smoking, non-allergic subjects.

Bronchoalveolar Lavage

Bronchoalveolar lavage (BAL) was performed 14 days before exposure and 24
hours after the start of exposure in a swine house (I). BAL was performed by the
use of flexible fibreoptic bronchoscopy under local anaesthesia after pre-
medication with morphine-scopolamine. Five aliquots of 50 ml sterile saline was
instilled, and the fluid was gently aspirated and collected in a siliconized plastic
bottle kept on ice. The fluid was centrifugated at 400g for 5 minutes at 4°C and
cells and supernatant were separated. The BAL technique has been described in
detail by (Eklund et al., 1986)

In vitro exposures

Dust, collected approximately 1.5 m above the floor in a swine confinement
building, and the polyclonal activator, phytohemagglutinin (PHA), used as
positive control, was dissolved in RPMI 1640, sonicated for 10 minutes, and
incubated with heparinized whole blood (I, III, IV). Whole blood containing
RPMI 1640, was used as negative control (study II, III, IV).

Blood was incubated with dust in RPMI, at different concentrations (10, 31 .4,
100 and 314 pg/ml) (II), or 50 pg/ml (IIT) or 100 xg/ml (IV). In parallel blood was
incubated with PHA at (3.14, 10, 31.4 or 100 ug/ml) (IT), and 10 pg/ml (III, IV).
RPMI 1640 only was used as negative control (IL, III, IV). The blood sample
tubes were closed and incubated at 37°C in a shaking water bath for 4, 24, 48 and
72 hours, (II) and incubated for 24 hours (III) or 1 and 22 hours (IV).

Cell Preparation Tubes was used for cell gradient separation (III). Peripheral
blood mononuclear cells (PBMC) was incubated with plasma received from
whole blood previously incubated with 50 pg/ml swine dust, i.e. “swine dust
conditioned plasma” or "10 yg/ml PHA conditioned plasma" or "RPMI
conditioned plasma" for 24 hours (III). PBMC was also resuspended in
autologous plasma and incubated with 50u g/ml swine dust, 10 xg/ml PHA or
RPMI for 24 hours (III).

Phagocytic cells were removed from whole blood through incubation with
carbonyl Sym iron particles, 4 mg/ml (III). Blood and carbonyl iron particles were

incubated for 30 min at 37°C and mixed occasionally. After incubation the blood

sample tubes were placed on one of the pools of a magnet for 10 min at 4°C. The
non-iron containing i.e. the non-phagocytic cells were removed (with the tube still
standing on the magnet) and transferred to a second plastic tube. Cells were



resettled on the magnet for further 10 min at 4°9C and the procedure was repeated.
The non-phagocytic cells were incubated with swine dust (50 pg/ml), PHA (10 ug
/ml), or with RPMI for 24 hours (I1I).

Whole blood was also activated in the presence of brefeldin A and swine dust
(100p g/ml), PHA (10pg/ml) or RPMI 1640 (control) for 1 hour, or incubated 12
hours with swine dust (100xg/ml), PHA (10pg/ml) or RPMI 1640 (control) and
additional 10 hours in the presence of brefeldin A (IV). Whole blood was pre-
incubated with control and blocking antibodies against the human IL-12 receptor
for 1 hour. Thereafter the blood was incubated for 12 hours with swine dust
(100p g/ml), PHA (10 g/ml) or RPMI 1640 (control) and additional 10 hours in
the presence of brefeldin A. All incubations in study IV were performed at 37°C
in the presence of 5 % CO,.

Intracellular staining procedure

Whole blood was diluted 1:1 with the culture medium RPMI 1640 containing 1%
L-glutamate in the presence of brefeldin A, and incubated for 1 or 10 hours with
dust or PHA. Brefeldin A blocks the intracellular protein transport process. This
results in the accumulation of secreted proteins in the Golgi complex and
enhances detection of normally secreted protein (Jung et al., 1993). Red blood
cells were lysed with lysing solution. A combination of fixation with
paraformaldehyd and permeabilization with the detergent saponin was used. For
optimal intracellular staining of cytokines, fixation and permeabilization is
necessary before staining intracellular antigens with fluorochrome conjugated
antibodies and to maintain cells in a permeabilized state during the operating
procedure according to the manufacturer (IV).

Flow cytometry

Flow cytometry was used for analysis and separation of cells stained with
fluorochrome labelled antibodies. In flow cytometery, a laser beam is used and a
light detector counts and registers the characteristics of intact cells in suspension.
When a single cell passes the laser beam the laser light is deflected from the
detector, and the interruption of the laser signal is recorded. The cells are detected
by size, translated by the laser beam as forward scatter and by complexity
translated as sidescatter. Fluorochrome conjugated monoclonal antibodies bound
to the cell surface of a certain cell type are excited by the laser beam and emit
light that is recorded by a second detector located at a right angel to the laser
beam. The instrument counts each cell as it passes the laser beam and records the
levels of fluorescence emitted by the cell. An attached computer generates plots of
cell number of cells and their fluorescence intensity (I, II, III, IV).

ELISA technique

A solid phase sandwich ELISA (Enzyme Linked Immuno Sorbent Assay) was
used. Monoclonal antibodies specific for human cytokine of interest were coated
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on a 96 well plate. Known standards and samples were added to the wells and the
present cytokine binds to the specific antiboby. After washing the plate, a mixture
of biotinylated anti-human cytokine- antibody and avidin-horseradish peroxidase
was added (antibody-antigen-antibody "sandwich"). After a second wash, the
substrate (hydrogen peroxide/ tetramethylbenzidine TMB) solution was added,
and a blue colour was developed which is direct proportional to the amount of the
cytokine present in the initial sample. A stop solution (phosphoric acid, 1M)
changes the colour from blue to yellow, and the wells were read at 450 nm in a
spectrophotometer (11, I1I).

Statistics

In all studies, results are presented as median values and 25"-75" percentiles.
Wilcoxon’s signed rank test was used for paired comparisons (I).

In vitro comparisons were performed by ANOVA with post hoc Fischer’s
PLSD (II-IV). A p-value < 0.05 was considered significant.
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Results and discussion

In study I, healthy subjects were exposed to dust in a swine confinement building
during 3 hours, while weighing swines prior to slaughter. The air in the
confinement buildings contained a high concentration of inhalable dust 20-23
mg/m’ and the respirable fraction, i.e. particles less than 5um, was 0.7-1.0 ug/m’.
The study design is shown in Figure 1.

Symptoms as fever, headache, malaise, shivering and muscle pain was
registered. The exposure induced an increase of IL-6, IL-8 and TNF-a in BAL
fluid (Wang et al., 1997).

Figure 1.Study design

Start
3 hours
exposure in
the pig house
BAL
b, 80%
BAL Blood sample % ¥ Blood sample Blood sample

presarmnaenas el ol frocarmsarnennaas |

3-14 days
before 30 min. before 7 hours after 24 hours after
exposure start of exposure start of exposure start of exposure

An increased number of neutrophils in peripheral blood were observed 7 and 24
hours after the start of exposure, whereas the number of lymphocytes decreased
(Figure 2).

Swine dust inhalation induced > 50 fold increase in the number of granulocytes
in BAL fluid (Figure 2). The concentration of alveolar macrophages in BAL was
approximately doubled (90 (68 - 106) x 100 cells/L to 190 (136 - 307) x 106
cells/L) and the lymphocytes in BAL fluid increased three times (Figure 2).

12



Blood Cell BAL
Cells el1s
109 £106 /1, O Granulocytes
8T 160 T
kskk
6 7 (% 120 T
4 é) s SOT EETS
2 o 40 T
0 O
0 Before 7hafter 24 h after Before 24 h after
exposure exposure exposure exposure exposure
109 *106/L, @ Lymphocytes
25T 80T
20T * s g 60 T
15T ? 490 T sokok
10T
05 T 20 ’
0 0
Before 7 hafter 24 h after Before 24 h after
exposure exposure exposure exposure exposure

Figure 2. Granulocyte and lymphocyte numbers in peripheral blood and BAL fluid before and
after exposure to swine dust. The results are presented as medians and interquartile ranges.
** p<0.01, *** p<0.001 compared to pre-exposure values.

Not only the number of BAL lymphocytes increased following exposure in the

swine confinement house, but also the expression of activation markers (CD69,
CD25 and HLA-DR) on T cells increased (Figure 3).

CD3+CD69+ CD3+CD25+ CD3t+ HLA-DR*
§ 50 - 20 A 40
.
= 7
= 7/
£ 25 ’ T
= . d 10 A i 7 @ xx
< -
0 e ‘ |-
S
=]
S
0 0 0
Before 24 h after Before 24 h after
exposure  exposure exposure exposure

Figure 3. Activation markers in BAL fluid before and after exposure to swine dust. The results are
presented as medians and interquartile ranges. * p<0.05, ** p< 0.01 compared to pre-exposure
values.
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In study II, we used a logarithmic titration concentration of dust to obtain a wide
range in order to find a time and dose dependent response of the activation
markers CD69, CD25 and HLA-DR. After incubation in vitro with swine dust,
PHA (positive control) or RPMI-1640 (negative control) the expression of CD69
and CD25 reached its maximum after 24 hours. HLA-DR expressed on CD3
positive cells increased from 1.5 % to 13 % after 72 hours incubation with high
concentrations of dust. We followed the activation for 72 hours, and it is possible
that the HLA-DR expression had not reached its maximum at that time point
(Figure 4).

4 hour 24 hour 48 hour 72 hour
14
g 12
= 1 CD3+CD69t -
8 10 . xR KEX *kk
§ 8 ok o
I_>'; 6 *kk *
:.s 4 *k gk Kk
RN 2
0- ©)
25 + + *kk
wn CD3 CD25 *kk
= -
s 20 "% *x
8 . . o **
= 15 1
(=9
£ 10 1 M
s 5 1 @) %{5—..
S
0 |
- ] CD3+HLA-DR+ -
2 16
5 1 *kok
(=} 12 1 * *kk
.g.‘ E *kk e
=] Lk |J. M il
= J
w4 1
=4 |
N I
Control [ 1;)31'.6 1'0031(7 [ 1;)31'.6 1'0031(70 1'0 3;.6 1;)031(7 0 1'0 31'.6 1’0031()

Swine dust concentrations (zg/ml)

Figure 4. The activation markers CD69, CD25 and HLA-DR expressed on T-lymphocytes (CD3+)
in peripheral blood incubated with swine dust in a dose-response manner for 4, 24, 48 and 72 h.
Results are presented as medians and interquartile ranges. * p< 0.05, **p<0.01, ***p<0.001
compared to unstimulated blood (time-point 0) at each incubation time-point. Control =
unstimulated blood, pre-exposure value.

The expression of CD69 and CD25 decreased after 48 hours incubation compared
with 24 and 72 hour whereas HLA-DR did not (Figure 4). We hypothesised that a
shedding of the IL-2 receptor might explain the reduced expression of CD25.
Therefore the soluble IL-2 receptor-a (IL-2sRa) in plasma, obtained from blood
samples incubated with swine dust or PHA, was investigated. We found a
continuous time and dose dependent increase of the soluble IL-2sRa (II), which
thus differed from the pattern observed for CD69 and CD25. Thus, we found no
corresponding reduction of the IL-2sRa levels after incubation with dust for 48

hours compared to 24 hours and 72 hours.
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In study III whole blood was incubated with swine dust for 24 hours, which
induced 27.6 % of the CD3 positive T cells to express CD69 compared to 3.3 %
of T cells in non-stimulated whole blood (p< 0.0001). Whole blood incubation
with PHA induced CD69 expression in 71.3 % of the T cells (Figure 5).

When PBMC was separated from whole blood and incubated with dust for 24
hours no significant CD69 expression on T cells was found, while PHA induced
CD69 expression in 70.9 % of the T cells (Figure 5).

Phagocytic cells were removed from whole blood through incubation with
carbonyl iron, reducing the proportion of monocytes from 7 % to 1 % and of
granulocytes from 58 % to 35 % (median values). In such “phagocyte reduced”
whole blood, incubation with dust for 24 hours induced CD69 expression in only
4.5 % of the T cells compared to 1.5 % in non stimulated T cells (ns). Incubation
with PHA as a positive control, however, induced CD69 expression on 71.3 % of
the T lymphocytes (Figure 5).
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Figure 5. CD69 expression of T lymphocytes in peripheral whole blood (A), PBMC resuspended
in autologous plasma (B) and peripheral blood depleted from phagocytic cells (C), following
incubation with either RPMI (control), swine dust or PHA for 24 hours. Values are presented as
median values and interquartile ranges. n.s.= no significant difference *** p< 0.001 compared to
unstimulated cells.
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Conditioned plasma

We transferred plasma from dust exposed whole blood, i.e. “conditioned plasma”,
and incubated with PBMC for 24 hours. Following this incubation, 32.4 % of the
CD3 positive T cells expressed CD69 compared to 3.3 % of T cells of PBMC
incubated with control plasma (p< 0.0001). Plasma from whole blood stimulated
with PHA induced expression of CD69 to a similar level (Figure 6).
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Figure 6. CD3+ T lymphocytes in PBMC expressing CD69 following 24 hours incubation with
RPMI (control), plasma from swine dust (white box) or PHA (black box) conditioned plasma.
Values are presented as median values and interquartile ranges. *** p< 0.0001 compared to
control.

Soluble mediators in conditioned plasma

In an attempt to identify soluble mediators of importance for the T lymphocyte
stimulation, we measured IL-12 and IFN-y concentrations in conditioned plasma.
In the dust incubated whole blood, i.e. the conditioned plasma, the 1L-12
concentration was 14.1 pg/ml, while the concentration was below detection limit
in control plasma. The concentration of IL-12 in PHA stimulated whole blood was
474 pg/ml. In plasma of PBMC stimulated with dust, the IL-12 concentration was
2.3 pg/ml. Supernatant from PHA stimulated PBMC contained 5.9 pg/ml, while
negative controls had undetectable levels (Figure 7).

Interferon-y levels in dust conditioned plasma were 2284 pg/ml compared to
4776 pg/ml in PHA stimulated plasma and 6.5 pg/ml in control plasma. The
interferon-y in PBMC plasma from swine dust incubations was 196 pg/ml,
compared to 804 pg/ml in PHA stimulated PBMC and 6.0 pg/ml in control
supernatant (Figure 7).
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Figure 7.1L-12 and IFN y concentrations in plasma from whole peripheral blood and PBMC,
incubated with either RPMI (control) swine dust or PHA for 24 hours. Values are presented as
median values and interquartile ranges. n.s.= no significant difference; * p<0.05; ** p<0.001;
*#* p< 0.0001 compared to control.

Intracellular cytokine production

In study IV 100 pg dust/ml blood was used to stimulate cytokine production.
After one hour of incubation with dust, TNF-a production was detected in 17.8 %
of the monocytes defined as CD14" cells, (p<0.0001) compared to 0.2 % of the
monocytes incubated with RPMI (control). Likewise, dust-induced IL-12
production was found in 19.1% of the monocytes exposed to dust and 0.8 % in the
negative control (p<0.0001) (Figure 8).
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Figure 8. TNF-a and IL-12 production from monocytes (CD14+). Results are presented as
medians and interquartile ranges.

17



No intracellular cytokine production was observed in lymphocytes after one hour
of incubation with dust. However 22 hours dust incubation including brefeldin A
during the last 10 hours, generated IFN-y production in 7.8 % of the NK cells (i.e.
CD3 CD56"CD16" in the lymphocyte gate) and in 0.8 % in negative controls
(p=0.0001). TNF-a was found in 3.6 % of the NK cells compared to 0.9 % in
negative controls (Figure 9).
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Figure 9. IFN-y and TNF-a production by NK cells (CD3-CD56+CD16+). Results are presented
as medians and interquartile ranges.

Following 22 hours of dust stimulation, 2.5 % of the CD3" T cells, 1.8 % of the
CD4" T cells and 5.0 % of the CD8" cells produced IFN-y. The levels of TNF-a.
and IL-4 in CD3" T cells, CD4" T cells and CD8" T cells were slightly, but not
significantly increased (2-3%) compared to negative controls. We then used I1L-12
receptor blocking antibodies to investigate any effect on IFN-y production by NK

cells and on the CD69 cell surface expression on T cells in whole blood
stimulated with dust. We found a reduced IFN-y production by NK cells from

7.8% to 1.8 % by IL-12 receptor blocking antibodies (Figure 10).
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Figure 10. IFN-y production in NK (CD56+CD16+) cells after incubation with dust. Results are
presented as median values and interquartile ranges.
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In four experiments the CD69 expression on CD3*T cells decreased from 19.1%
to 12.2% in the presence of IL-12 receptor blocking antibodies (Figure 11). No
difference was found when dust was incubated with whole blood in the presence
or absence of control antibodies (data not shown).
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Figure 11. CD69 expression on T cells (CD3") in whole blood pre-incubated with control or
blocking antibodies to the IL-12 recptor and stimulated with dust.



We have previously demonstrated that three hours” exposure in a swine
confinement facility induces a massive influx of inflammatory cells into the
airways in healthy subjects. The influx was dominated of neutrophilic
granulocytes, which increased more than 50 fold in BAL fluid obtained 24 hours
after the start of exposure (Larsson et al., 1994). We also found a 2-3 fold increase
of macrophages and T-and B cells in BAL fluid. The proportion of T cells was
unaltered while the proportion of B cells was slightly increased. In blood the
number of neutrophils also increased after exposure while lymphocytes decreased,
probably reflecting an increased recruitment of lymphocytes to the airways
(Berman et al., 1990; Dunkley et al., 1995; Nelson et al., 1990; Picker et al.,
1994). The time course for this lymphocyte recruitment is not known but there are
data suggesting that the lymphocyte influx commence soon after the start of
exposure (Berman et al., 1990). High levels of IL-8 and IL-17 (Laan et al., 2002)
which may function as chemoattractants for neutrophils and also for lymphocytes
(IL-8), were found in BAL fluid following dust exposure (Bellini et al., 1993;
Marini et al., 1992; Larsen et al., 1989). While IL-8 is produced mainly by
monocytes and macrophages, it is assumed that IL-17 originates from activated
lymphocytes (Laan et al., 2002; Yao et al., 1995; Yao et al., 1995). We also found
signs of activation of BAL fluid T lymphocytes, with increased expression of
CD69 after exposure. CD69 expression reaches peak levels 18 - 24 hours after
stimulation in vivo (Testi et al., 1989; Testi et al., 1989; Testi et al., 1994) i.e.
approximately at a time point when BAL lymphocytes were analysed after
stimulation in vivo in the present study. Approximately 22 % of the lymphocyte
gated BAL cells expressed CD3 and CD69 prior to exposure with an increase up
to 45% after exposure. It could be expected that a large number of airways T cells
normally express CD69 since cells in the airways continuously are exposed to
inhaled agents that are capable of inducing cell activation. In previous studies on
BAL T cells from patients with sarcoidosis and healthy subjects (Katchar et al.,
2001) the CD69 expression on CD4+ and CD8+ T cells was significantly higher
than in our study. Other groups have however, published data more similar to the
present data (Meyer et al., 1999). These differences could partly be explained by
differences in data calculation. In the present study we calculated CD3 and CD69
as percentage of the BAL lymphocyte population. In the study by Katchar et al.
(2001) CD69 is calculated as percent of the CD3" population.

We found an increased expression of CD25 as well as HLA-DR on T cells both
in BAL fluid in vivo and in peripheral blood in vitro following exposure. It seems
likely that the IL-2 receptor expression on T cells, obtained from BAL fluid 24
hours after exposure, reflects maximal or near maximal activation, assuming that
the time course for lymphocyte activation by inhaled swine dust is similar to that
of antigen stimulation in vitro. HLA-DR molecules are maximally expressed on
the T lymphocyte surface several days after antigen stimulation (Corrigan et al.,
1992). Although we could detect a significant increase of the HLA-DR expression
on CD3 cells in vivo, we have probably been able to demonstrate this only at an
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early phase and it is conceivable that maximal expression would have occurred
later (Corrigan et al., 1992; Corrigan et al., 1995).

In study II we analysed in vitro activation of dust stimulated blood as assessed
by the expression of the activation markers CD69, CD25 and HLA-DR.

We showed that the activation was dose dependent and that the time course of
stimulation was similar for dust and PHA.

The T cell activation assessed by expression of CD69 and CD25, tended to be
biphasic with attenuation after 48 hours of exposure. This may, at least in part, be
explained by antigen receptor shedding of the IL-2 receptor. The assumption of
receptor shedding is supported by the finding of a dose and time dependent,
continuous (non-biphasic) increase of the soluble IL-2 sRa. in plasma from blood
samples incubated with swine dust.

There were differences in the magnitude of the CD69 expression on T cells in
study II and III. This variation may be explained by differences in optimal
incubation conditions. We used closed sample tubes in study II and plastic plates
in study III.

Interestingly, when incubating swine dust with PBMC separated from whole
blood, T lymphocytes were not activated. In contrast to whole blood, the PBMC
fraction consists mainly of lymphocytes. T lymphocytes can be activated through
different mechanisms. Such as a specific activation via (antigen presenting cells)
APC presenting antigenic peptides in the context of MHC molecules and
recognised by the T cell receptor (TCR) or by superantigens that binds outside the
MHC molecule and to the VP segment of the TCR. There are also unspecific
activation mechanisms induced by mitogens (plant origin or LPS) e.g. PHA
(which was used as positive control in study II, III and IV) or soluble mediators
e.g. cytokines (Figure 12).

Superantigen
2

Mitogens

Figure 12. Possible mechanisms of lymphocyte activation.
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After finishing study III, it was concluded that cytokines probably are important
for the T cell activation. We also investigated whether phagocytic cells such as
granulocytes and monocytes could influence the dust-mediated activation of T
lymphocytes. A reduced number of phagocytes inhibited the capacity of the dust
to activate T lymphocytes whereas plasma from swine dust exposed whole blood,
i.e. conditioned plasma, induced lymphocyte activation in PBMC. Based on these
data we concluded that T cell activation induced by the dust requires phagocytic
cells. The T cell activation did not seem to be mediated by a direct cell-to-cell
interaction but rather by the release of one or more mediators.

The finding of high levels of IL-12 and IFN-y in the conditioned plasma is in
line with this hypothesis. Thus phagocytic cells such as granulocytes and
monocytes present in whole blood during swine dust incubation could be
responsible for the release of IL.-12 and IFN-y, two cytokines that are known to be
of importance in T cell activation (D”Andrea et al., 1992; Mattern et al., 1998).

To improve the understanding of the immune response following exposure to
organic dust, intracellular cytokine release of swine dust activated peripheral
blood was studied. In kinetic studies of whole blood stimulated with dust, we
found that one hour of incubation was enough to induce monocytes to produce
TNF-a and IL-12. A previous report also showed a rapid IL-12 production of
monocytes after stimulation with Trypanosoma cruzi (Frosch et al., 1996) while
LPS was less sufficient to induce IL-12 production by monocytes (Frosch et al.,
1996). We were also unable to induce IL-12 production by monocytes after one
hour of stimulation with LPS (unpublished data). One hour's incubation with dust
did not result in cytokine release by NK or T cells. However after incubation with
dust for 22 hours, increased levels of IFN-y and TNF-a were produced by NK
cells while T cells only produced low levels of these cytokines after dust
incubation. Other groups also found NK cells to be a more efficient IFN-

v producers than T cells (Vitale et al., 2000). Compared to PMA and PHA
stimulation of T cells, swine dust induces lower levels of cytokine production
from T cells (Wahlstrom et al., 2001; Vitale et al., 2000). We also found that
blocking antibodies to the IL-12 receptor had an inhibitory effect on IFN-y
production by NK cells and on CD69 expression on T cells. IFN-y production was
difficult to evaluate in T cells due to the low IFN-y levels in those cells. An
inhibitory effect on NK cell IFN-y production by blocking the IL-12 receptor was
also demonstrated by Wu et al (Wu et al., 1996). Furthermore, in that study
blocking the IL-12 receptor inhibited T cell proliferation, which is in accordance
with our results and also strengthens our hypothesis that IL.-12 may be crucial for
dust induced T cell activation (Wu et al., 1996).

It is unknown what agents in the swine dust that are responsible for the
inflammatory reaction and activation of lymphocytes. However, dust in swine
confinement buildings contains microorganisms, dominated by Gram-positive
bacteria (Crock et al., 1991). Lipopolysacharide and peptidoglycans, used as
markers for Gram-negative and Gram-positive bacteria, have been found in
concentrations of approximately 4 and 6.5 g per m3, respectively in air sampled
from swine confinement buildings (Wang et al., 1997). The measured endotoxin
content was only 2.2 ng/100 pg swine dust and it has been demonstrated that
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swine dust is a far more potent cell activator than LPS (Palmberg et al., 1998). In
a recent report, it was found that NK (CD3°CD56") cells proliferated and
expanded in cultures in response to LPS (Goodier et al., 2000). The response was
enhanced after removal of CD14" cells from the culture. Our studies demonstrated
that depletion of CD14" cells inhibited the dust induced CD69 expression on T
cells. If LPS would be the main component in dust responsible for the T cell
activation in our studies it should also have activated lymphocytes to produce
IFN-y, but no IFN-y was detected in plasma samples from PBMC incubations
(Study III).

Gram-positive bacteria are capable of T lymphocyte activation (Fleischer et al.,
1992; Dannecker et al., 1994; Herman et al., 1991) and may thus be involved in
the swine dust induced lymphocyte activation. Peptidoglycans have been found to
correlate with the increased number of granulocytes in BAL, following dust
exposure (Larsson et al., 1997). Wang et al also found a correlation between
peptidoglycan and IL-6 in serum and with granulocyte concentrations in blood
(Wang et al., 1996). It has been shown that Gram + bacteria and their cell wall
components stimulate cellular responses similar to LPS, i.e. by using the CD14
receptor (Gupta et al., 1996) and/or the Toll-like receptor 2 (Yoshimura et al.,
1999). Medzhitov et al demonstrated that Toll-like receptor 2 depleted mice had
no response to two major pathogen-associated molecular patterns: peptidoglycans
and lipoproteins. Thus the Toll-like receptor 2 is important for recognition of
peptidoglycans and lipoproteins (Medzhitov et al., 2000). Interestingly the Toll-
like receptor 2 was recently shown to be highly expressed in human airway
epithelial cells (Diamond et al., 2000) and may thus be involved in the airway
response to inhaled swine dust.

In conclusion we have found that swine dust activates BAL fluid T cells in vivo
as assessed by the expression of the activation marker CD69, CD25 and HLA-DR.
In vitro stimulation of whole blood increased expression of CD69, CD25 and

HLA-DR in a time and dose dependent manner. Soluble mediators released by
phagocytic cells seem to be of importance for the T cell activation since plasma
pre-stimulated with dust i.e. conditioned plasma was able to induce CD69
expression on CD3" cells from PBMC fractions. It was also demonstrated that
when the IL.-12 receptor was blocked with blocking antibodies NK cells produced
less IFN-y and the CD69 expression on T cells decreased.
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Figure 13. Cytokines released from monocytes /macrophages as a possible mechanism for
lymphocyte activation.
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Summary

Farmers suffer more frequently from inflammatory airway disorders than the
population in general and a ongoing airway inflammation has been shown also in
symptomfree healthy farmers. Exposure in a swine confinement building causes
an intense airway inflammation with recruitment of inflammatory cells,
predominately neutrophils, in healthy, previously, non-exposed subjects. In the
present study exposure to organic dust from a swine confinement house has been
used as a model to study lymphocyte reaction and activation.

We found an increased number of lymphocytes in bronchoalveolar lavage
(BAL) fluid following exposure in a swine house. It was, moreover, found that
BAL T lymphocytes of previously non-exposed subjects were activated as the
expression of the lymphocyte activation markers CD69, CD25 and HLA-DR
increased following exposure.

In vitro stimulation of whole blood with dust from swine confinement buildings
also resulted in an increased expression of the activation markers CD69, CD25
and HLA-DR. The expression of the activation markers was dose and time
dependent and occurred similar to phytohaemagglutinin (PHA) stimulated cells.

It was demonstrated that phagocytic cells and mediators released by phagocytic
cells were of importance for lymphocyte activation following exposure to dust. In
phagocyte depleted whole blood cells, and in peripheral blood mononuclear cell
(PBMC) fractions, the dust did not induce CD69 expression on T cells. Neither
was IL-12 nor IFN-y found in plasma from these cell fractions. However, whole
blood stimulated with swine dust, and plasma obtained from stimulated whole
blood i.e. conditioned plasma, induced T cell activation and generated high
concentrations of IL-12 and IFN-y. Monocytes (CD14") rapidly produced IL-12
and TNF-a after one hour of stimulation with the dust whereas T- and NK cells
produced IFN-y only after a prolonged incubation (22 hours) with swine dust. The
IFN-y production by NK cells and the CD69 expression on T cells were reduced
after pre-incubation with antibodies blocking the IL-12 receptor.

In conclusion, we have shown that swine dust induces airway influx and
activation of human bronchoalveolar lavage T cells in vivo and in vitro. T cell
activiation occurs in a time and dose dependent manner in vitro. The mechanisms
of the T cell activation involve stimulation of phagocytic cells and production of
cytokines such as TNF-a., IL-12 and IFN-y. The results indicate a crucial role for
IL-12 in the stimulation of T cells.

Keywords: organic dust, T cells, NK cells, cytokines, cellular activation
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Sammanfattning

Sjukligheten i luftvigssjukdomar dr hog hos lantbrukare jimfort med
befolkningen i 6vrigt. Friska symtomfria lantbrukare, som undersoks med
bronkoalveolirt lavage (BAL), visar ofta tecken pa inflammation i luftvigarna.
Exponering for damm i svinstallar orsakar en kraftig luftvigsinflammation hos
friska tidigare icke exponerade forsokspersoner. Det cellulédra svaret domineras av
neutrofila granulocyter, men dven antalet makrofager och T lymfocyter okar i
bronkoalveolir lavage (BAL) vitska efter exponering. Dessutom visar BAL T
lymfocyterna tecken pa aktivering efter exponering for svindamm in vivo.

Svindamm, d.v.s. sedimenterat damm som insamlats i en svingard och som
16sts i RPMI, aktiverade ocksa T lymfocyter vid stimulering av perifera blodceller
in vitro. En tids- och koncentrations- beroende dkning av uttryck for
aktiveringsmarkorerna CD69, CD25 och HLA-DR noterades vid stimulering med
damm in vitro.

Olika typer av celler och 16sliga mediatorer har betydelse for
lymfocytaktiveringen. Svindamm aktiverade inte T celler i franvaro av
fagocyterande celler sasom monocyter (CD14+) och granulocyter. Vi fann inte
heller 6kad produktion av IL-12 eller IFN-y nér blodceller stimulerades utan
nirvaro av fagocyterande celler. Nir vi ddremot stimulerade helblod med damm,
eller nér T celler inkuberades med plasma fran stimulerat helblod (“konditionerad
plasma”) aktiverades T cellerna och uttryckte CD69. Likasa fann vi hoga halter av
IL-12 och IFN-y i plasman fran dessa stimuleringar. Monocyter producerade IL-
12 och TNF-a redan efter en timmes stimulering med damm medan T och NK
celler producerade IFN-y och TNF-a forst efter ldngre tids stimulering (22
timmar). Vid samtidig stimulering med svindamm och blockering av I1L-12
receptorn (IL-12R) med hjélp av IL-12R specifika monoklonala antikroppar,
minskade den svindammsinducerade T cells aktiveringen. Dessutom noterades en
signifikant reduktion av NK cellers IFN-y produktion. IL-12 forefaller siledes
vara av central betydelse for dammaktivering av lymfocyter.

Sammanfattningsvis har vi i detta arbete visat att exponering i lantbruksmiljo
aktiverar T lymfocyter i lungorna in vivo. In vitro stimuleringar har pavisat en
tids- och koncentrationsberoende aktivering av T celler. Fagocyterande celler
sasom monocyter och granulocyter ér betydelsefulla for den damminduceade T
cellsaktiveringen. Vidare har vi funnit att IL-12 tycks vara en cytokin av central
betydelse i detta avseende.
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