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Abstract

In the RAIAP (respiratory allergy and inflammation due to ambient particles) project, qualitative properties of ambient air
particles from Amsterdam, Oslo, Lodz and Rome were investigated in relation to inflammation and allergy. Most collected
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particle fractions were found to increase the allergen-specific IgE and IgG2a responses after subcutaneous injection
with allergen in mice. However, some fractions appeared to skew the antibody response towards more Th1- or Th2-
antibody isotypes, and the fine fractions were found to be more potent than the coarse fractions with regard to IgE
activity. In the present study we investigated the cellular response in the draining lymph node 5 days after a subc
injection of selected RAIAP particle fractions. The particles (100�g) were injected into both hind footpads of BALB/cA mic
in the presence or absence of the allergen ovalbumin (OVA, 50�g). We also studied if the coarse and fine RAIAP part
fractions affected the cellular responses to OVA differently. The number of lymph node cells, as well as the relative
of B and T lymphocytes and T helper cells were determined. Expression of cell surface molecules (MHC class II, C
CD23) and ex vivo cytokine production (IL-4, IL-10 and IFN-�) by the lymph node cells were measured. Overall, particles i
presence of allergen enhanced the levels of the various cellular parameters compared to allergen alone or particles a
absence of allergen, ambient air particles, in contrast to diesel exhaust particles, marginally affected some cellular p
By histological examination of the lymph node, the particles appeared to be scattered between the lymphocytes, often
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within macrophage-like (acid phosphatase positive) cells. The cell parameters measured could, for the individual sample, neither
predict the degree of a Th2- or Th1-skewed antibody response, nor the stronger antibody adjuvant capacity of the fine than the
coarse particle fractions. In conclusion, we have shown that coarse and fine ambient air particles from different European cities
enhance the cellular response in the draining lymph node after injection with an allergen. In the absence of allergen, ambient
particles only marginally affected the cellular parameters.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In Europe, the prevalence of asthma and allergic
diseases has been reported to be higher in the west-
ern than the eastern countries (von Mutius et al., 1992,
1994; Jogi et al., 1998; ISAAC, 1998). Among several
factors characterising the “western life-style”, traffic-
related ambient air particles have been suggested to
play a role in inducing and worsening asthma and
allergic diseases (Parnia et al., 2002). Particulate air
pollution has differed between eastern and western
European countries, the eastern have been dominated
by coarse particles and the western by fine particles
largely derived from combustion engines (Schafer and
Ring, 1997; Ebelt et al., 2001; Williams, 1999). Fur-
ther, epidemiological studies have indicated regional
and seasonal differences in the pooled estimated risks
for short-term health effects of ambient air particles
(Katsouyanni et al., 2001; Atkinson et al., 2001). There-

(Th1-associated) antibody levels in serum. However,
some samples appeared to skew the antibody response
towards more Th1- or Th2-associated antibody iso-
types. Overall, the fine fractions were found to be more
potent than the coarse fractions with regard to IgE ad-
juvant activity.

The underlying mechanisms for the IgE adjuvant
effect of ambient air particles are not known. How-
ever, both the particle core and particle-associated sub-
stances have been shown to contribute to the effect of
particles on the immune system (reviewed inGranum
and Lovik, 2002). Further, widely different particle
types have been shown to enhance either Th1- or Th2-
associated, or mixed, responses (van Zijverden et al.,
2000; Maejima et al., 1997; Granum et al., 2001a).
Moreover, we have recently shown that particle size
is an important determinant of the adjuvant effect of
polystyrene particles (PSP), as fine PSP (0.0588 and
0.202�m diameter) had much higher adjuvant capac-
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particulate air pollution at different European locations
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ity of respiratory allergies and asthma throughout Eu-
rope, the RAIAP project was conducted (Dybing et al.,
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pattern of cytokine production in the draining lymph
node cells. We examined a selection of RAIAP parti-
cle fractions which appeared to exert different adjuvant
effects with regard to Th1- or Th2-associated antibody
responses (Lovdal et al., 2003). In addition, we inves-
tigated if any of the measured cellular parameters were
more influenced by the fine than the coarse particle
fractions. A further aim was to investigate whether dif-
ferences in cellular responses in the draining lymph
node could predict differences in antibody adjuvant
activity.

2. Materials and methods

2.1. Animals

Female inbred BALB/cA mice (Taconic M&B A/S,
Ry, Denmark) were housed, 5 or 4 animals per cage,
on BeeKay bedding (B&K Universal AS, Nittedal,
Norway) in type III macrolon cages in filter cabinets
(Scantainers). The mice were exposed to a 12 h/12 h
light/dark cycle (30–60 lx in cages), room temperature
(20± 2◦C) and 40–60% relative humidity. The animals
were given pelleted food (RM1, SDS, Essex, UK) and
tap water ad libitum. All animals were allowed to rest
for at least 1 week before entering the experiments 6–7
weeks old. The experiments were performed in con-
formity with the laws and regulations for experiments
with live animals in Norway, and they were approved
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tibody responses were determined after subcutaneous
injection of particles with OVA (Lovdal et al., 2003).
Based on the antibody responses, two sets of parti-
cles with different adjuvant capacities were selected.
The first set of particles consisted of Diesel Exhaust
Particles (DEP), the fine particle fraction from Rome
(spring) and the fine particle fraction from Oslo (sum-
mer, in the following called Oslo1). Compared to OVA
alone, these particles increased the Th2, Th2 > Th1
and Th1 > Th2 associated antibody responses, respec-
tively. The second set of particles consisted of coarse
and fine particle fractions from Amsterdam (spring),
Lodz (summer) and Oslo (spring, in the following
called Oslo2). These fine fractions appeared to in-
duce higher antibody levels than their coarse counter-
parts.

2.3. Immunisation with allergen and particles

The allergen ovalbumin (OVA, Gal d2; chicken egg
albumin, grade VII, Sigma, St. Louis, MO, USA) was
given at an amount of 50�g per injection, whereas
100�g of particles were given per injection. The test
suspensions were injected into both hind footpads to
reduce the number of animals used, but still obtain a
sufficient number of popliteal lymph node cells. Parti-
cles were suspended in Hank’s balanced salt solution
(HBSS; PAA Laboratories GmbH, Linz, Austria) with
or without OVA, and stirred at 18◦C over night using
a magnetic stirrer. For the lymph node histology, also
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ll RAIAP particle fractions on allergen-specific a
0�g of fluorescent polystyrene particles (PSP, 0.1�m
iameter; FluoresbriteTM Yellow Green (YG) Micro-
pheres, Polysciences Europe GmbH, Eppelheim,
any) were injected with and without 50�g OVA. The
SP suspensions were prepared on the day of

ion. For all solutions, 20�l were injected subcut
eously into both hind footpads (heel–toe direct
sing a 100�l Hamilton syringe (Hamilton Bonadu
G, Switzerland) with a 30 G needle (BD Medical S

ems, Ireland).

.4. Lymph node cell preparation

Five days after injection, the animals were kil
y cervical dislocation under CO2 anaesthesia, an
oth popliteal lymph nodes (PLN) were excised
ept on ice in HBSS with 2% foetal calf serum (FC
ibcoBRL, Auckland, New Zealand). Single cell s
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pensions were prepared from each lymph node as
previously described (Nygaard et al., 2004). After pool-
ing of the two PLN cell suspensions from the same ani-
mal, the cell concentration was measured with a Coulter
counter Z1 (Beckman Coulter Incorporated, FL, USA),
and presented as the lymph node cell number (106) per
PLN.

2.5. Cell phenotyping

PLN single cell suspensions were stained as pre-
viously described (Nygaard et al., 2004). In short,
5× 106 cells/ml were stained with FITC- or PE-
conjugated monoclonal antibodies against CD19 (B
lymphocyte marker), CD4 (T helper cell marker),
CD86, CD23 (BD PharMingen, San Diego, CA, USA)
or CD3� (T lymphocyte marker), MHC class II (South-
ern Biotech, Birmingham, AL, USA). Positive cells
were generally defined as the cell population with flu-
orescence intensity stronger than 99% of the isotype
control-stained cells. A minimum of 10,000 lympho-
cytes were analysed on an EPICS XL instrument (Coul-
ter, FL, USA) connected to a PC using EXPO32TM

Software (Applied Cytometry Systems, Sheffield, UK).
Expression of surface molecules was determined in two
ways: (1) the relative number of positive cells and (2)
the relative amount of epitopes per cell measured as
median fluorescence intensity. After double staining
for the specific marker and anti-CD19, the results are
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2.7. Lymph node histology

PLN from both legs were excised and frozen in
Tissue-Tek O.C.T. compound (Miles Inc., IN, USA),
and 7�m cryostat sections were fixed in acetone. Sec-
tions were incubated for 1 h at room temperature with
a mixture of rat anti-mouse B220 (B cell marker, clone
B220) and hamster anti-mouse CD3 (T cell marker,
clone 145-2c11) monoclonal antibodies in phosphate
buffer (PBS, pH 7.2) with 1% bovine serum albu-
min (BSA). After three washes in PBS/Tween, sec-
tions were incubated in a mixture of biotin-conjugated
goat anti-hamster immunoglobulins (1:100; Jackson
ImmunoResearch Laboratories Inc., West Grove, PA,
USA) and peroxidase-conjugated rabbit anti-rat (1:40,
DAKO, Denmark), for 1 h at room temperature. Fol-
lowed by three washes, the sections were further incu-
bated with alkaline phosphatase-labelled streptavidin
(1:800; Boehringer Mannheim GmbH, Mannheim,
Germany). After subsequent washes in PBS/Tween and
acetate buffer (200 mM, pH 5.4), macrophages were
identified by acid phosphatase staining using naph-
tol ASBI phosphate and red–violet LB salt in acetate
buffer for 30 min at 37◦C. B cells were visualised
by peroxidase-based staining with diaminobenzidine,
whereas the T cells were visualised by NBT/BCIP (ni-
tro blue tetrazolium/bromo-chloro-indoryl phosphate).
Separate slides were also stained for macrophages (as
described above), and thereafter counter-stained with
Mayer’s acid haematoxylin. The sections were covered
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.6. Ex vivo cytokine production and detection by
LISA

Ex vivo cytokine production from PLN single ce
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SA). The cell supernatant levels of IL-4, IL-10 a
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regarded: OVA + particles versus OVA alone and the
respective particle alone, particle alone and OVA alone
versus HBSS. Additionally, in the first set of exper-
iments, the responses between all particles alone or
between all OVA + particles were compared. In the sec-
ond set of experiments, the coarse and fine fractions
from the same sampling location were compared. Ex-
perimental groups were considered to differ ifP≤ 0.05.

3. Results

3.1. The primary cellular response to ambient air
particles and diesel exhaust particles (DEP), with
or without allergen

Five days after injection of allergen (OVA) and par-
ticles, separately or together, selected cellular parame-
ters in the draining lymph node were measured. In this
set of experiments, particle fractions which apparently
induced different antibody responses with regard to the
Th1 and Th2 balance were used: diesel exhaust parti-
cles (DEP), Rome fine (spring) and Oslo fine (summer,
Oslo1) fractions.

3.1.1. Cell numbers and cell phenotypes in the
lymph node

In the flow cytometric analyses, three separate cell
populations were observed in the light scatter dot plot
(Fig. 1). These populations were mainly separated by
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Fig. 1. Flow cytometric light scatter of an unstained lymph node cell
suspension, 5 days after injection of 50�g OVA with 100�g Oslo1
particles. Thex-axis represents the side scatter (SS) whereas they-
axis represents the forward scatter (FS). The three different gates
used are indicated, gate A comprising the “dead cell population”
excluded from the analyses, gate B comprising the main lymphocyte
population, and gate C comprising the “lymphoblasts”.

groups than in the groups given OVA alone or the corre-
sponding particle alone. Furthermore, Oslo1 and Rome
particles alone, but not DEP, moderately but signifi-
cantly increased the number of lymph node cells com-
pared to HBSS. The relative number of CD19+ cells
(B lymphocytes) in the PLN was strongly increased
by all particles with OVA compared to OVA alone
or the corresponding particle alone (Fig. 2B). Corre-
spondingly, the relative number of CD3+ cells (T lym-
phocytes) was strongly decreased by OVA + particles
(Fig. 2C). The different particles with OVA changed
the relative numbers of B and T lymphocytes to dif-
ferent degrees, OVA + DEP significantly more than
OVA + Oslo1 or OVA + Rome, and OVA + Oslo1 sig-
nificantly more than OVA + Rome. Of the particles
alone, only the Oslo1 particles significantly altered the
relative numbers of B and T lymphocytes compared to
HBSS. The relative number of T lymphocytes being
CD4+ was not affected by any of the particles, neither
alone nor together with the allergen (data not shown).
All three particle fractions with OVA increased the rel-
ative number of lymphoblasts compared to OVA alone
and the corresponding particle alone (Fig. 2D). None
of the particles alone altered the relative number of
lymphoblasts to a statistically significant extent.

While all B lymphocytes expressed MHC class II
molecules, the relative expression of MHC class II
molecules (median fluorescence intensity) per B lym-
phocyte was markedly increased by OVA + particles
ifferent forward light scatter (FS), which to a lar
egree reflects the cell volume. The population w

ow FS comprised dead cells, as verified by pro
um iodide staining, and was excluded from the an
es. The population with medium FS always conta
ore than 90% of the live cells, and the analyse

he surface molecules we present were performed
ng on this main lymphocyte population. In agreem
ith Tuschl et al. (2002), the population with high F
as identified as strongly activated lymph node c
ith high baseline expression of surface molecules
HC class II, CD86 and CD69 (data not shown). T

elative number of cells in this population, herea
alled lymphoblasts, was calculated by dividing
umber of lymphoblasts by the number of live ly
hocytes.

As shown inFig. 2A, the number of lymph nod
ells was significantly higher in the OVA + partic
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Fig. 2. Lymph node cell numbers and lymphocyte subpopulations in the popliteal lymph node 5 days after a single injection into both hind
footpads of HBSS, 50�g OVA, 100�g DEP, Rome or Oslo1 particles alone or 50�g OVA with 100�g DEP, Rome or Oslo1 particles. Lymph
node cell numbers (A) were measured on a Coulter cell counter. Single cell suspensions were stained with antibodies against CD19 (B) and CD3
(C), and the relative numbers of positive cells were determined by flow cytometry. The relative numbers of lymphoblasts (D) were determined
by restrictive gating on the flow cytometric light scatter dot plot. Values for individual mice (circles) and median values (columns) for groups
of nine (A) or five (B–D) mice are shown. Data from one representative experiment are shown, whereas the statistical analyses are based on
two independent experiments. The cell number data were log-transformed before statistical analyses, to achieve normal distribution and equal
variances. #, * and + indicate a statistically significant difference (P< 0.05) compared to HBSS, OVA and the corresponding particle, respectively.
Brackets indicate a statistically significant difference (P< 0.05) between the different particles.

compared to OVA alone or the corresponding particle
alone (Fig. 3A). Furthermore, OVA + DEP increased
the MHC class II expression significantly more than
the two ambient air particles with OVA. Both Rome
and Oslo1 particles alone marginally, but significantly,
increased the MHC class II expression compared to
DEP and HBSS. As shown inFig. 3B, the relative
number of CD86+ B lymphocytes was significantly
increased by OVA + DEP and OVA + Oslo1, but not
by OVA + Rome, compared to OVA alone or particles

alone. Furthermore, OVA + DEP induced higher lev-
els of CD86+ B lymphocytes than the two ambient air
particles with OVA, and OVA + Oslo1 induced higher
levels than OVA + Rome. None of the particles alone
affected the relative number of CD86+ B lymphocytes.
The relative number of CD23+ B lymphocytes was gen-
erally high (more than 90% positive B lymphocytes
in all groups), and further increased significantly af-
ter injection of OVA + particles (to about 97% posi-
tive B lymphocytes, data not shown). Because most B
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Fig. 3. Expression of surface molecules on B lymphocytes from the
popliteal lymph node 5 days after a single injection into both hind
footpads of HBSS, 50�g OVA, 100�g DEP, Rome or Oslo1 parti-
cles alone or 50�g OVA with 100�g DEP, Rome or Oslo1 particles.
Single cell suspensions were double-stained with antibodies against
CD19 and MHC class II (A), CD19 and CD86 (B) or CD19 and CD23
(C), and the median fluorescence intensity or the relative numbers of
positive B lymphocytes (CD19+) were determined by flow cytome-
try. Values for individual mice (circles) and median values (columns)
for groups of five mice are shown. Data from one representative ex-
periment are shown, whereas the statistical analyses are based on two
independent experiments. #, * and + indicate a statistically significant

lymphocytes expressed CD23, alterations in the expres-
sion of CD23 per cell probably is of more biological rel-
evance than the number of positive cells in this system.
As shown inFig. 3C, the expression of CD23 molecules
per B lymphocyte was significantly increased by all
particles with OVA compared to OVA alone and the
corresponding particle alone. Again, OVA + DEP in-
creased the expression significantly more than the two
ambient air particles with OVA. None of the particles
alone altered the CD23 expression compared to HBSS.

In general, OVA alone weakly affected the cell num-
bers and the measured cell surface markers, however
not statistically significant for the expression of CD86
and CD23.

3.1.2. Ex vivo cytokine production by lymph node
cells

After culture of the PLN cells with the mitogen
ConA, the supernatant concentrations of IL-4 and IL-
10 were markedly higher in the OVA + particle groups
than in the groups given OVA alone or the corre-
sponding particle alone (Figs. 4A and B). An excep-
tion was the levels in the OVA + Rome group, which
were not significantly higher than OVA alone. Further-
more, OVA + DEP and OVA + Oslo1 induced signifi-
cantly higher IL-10 levels than OVA + Rome. In the ab-
sence of OVA, Rome and Oslo1 particles significantly
increased the levels of IL-4 or IL-10 compared to DEP
and HBSS. Also OVA alone significantly increased the
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Fig. 4. Ex vivo cytokine production by lymph node cells on day
5 after a single injection into both hind footpads of HBSS, 50�g
OVA, 100�g DEP, Rome or Oslo1 particles alone or 50�g OVA
with 100�g DEP, Rome or Oslo1 particles. Single cell suspensions
were cultured with ConA (5�g/ml) for 24 and 48 h. IL-4 (A), IL-10
(B) and IFN-� (C) in culture supernatants were measured by ELISA,
and data from optimal time points are shown (24, 24 and 48 h, re-
spectively). Each point represents a pool of cells from three animals
and columns represent the group median value. Data from one rep-
resentative experiment are shown, whereas the statistical analyses
are based on two independent experiments. The cytokine levels were
log-transformed before analyses to achieve normal distribution and

the lymphocytes in the lymph nodes, often localised
within macrophage-like (acid phosphatase positive)
cells (Fig. 5D). Five days after injection of fluores-
cent PSP with or without OVA, the PSP appeared to
be associated with single cells, both within the T cell
zone of the lymph nodes and in the marginal sinus of
the lymph nodes (Fig. 5E).

3.2. Comparison of the primary cellular response
to coarse and fine ambient air particle fractions
with allergen

To examine the significance of particle fraction size,
the same set of cellular parameters as described above
was measured 5 days after injection of OVA with par-
ticles. The particles studied in this set of experiments
were the coarse and fine fractions of the Amsterdam
(spring), Lodz (summer) and Oslo (spring, Oslo2) frac-
tions.

3.2.1. Cell numbers and cell phenotypes in the
lymph node

Overall, the number of PLN cells, the relative num-
ber of B lymphocytes and expression of MHC class
II, CD86 and CD23 on B lymphocytes were signifi-
cantly increased in all OVA + particle groups compared
to the OVA group (selected parameters are shown in
Fig. 6). No obvious systematic differences between the
responses with the coarse and fine particle fractions
were seen. However, the Lodz fine fraction with OVA
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Fig. 5. Frozen sections of the draining lymph node 5 days after injection of 50�g OVA (A), 100�g Oslo1 particles (B), OVA + Oslo1 (C, D)
and OVA + 0.1�m fluorescent particles (PSP, 40�g) (E). The sections shown in A–C were stained with antibodies against CD3 (T lymphocytes,
purple colour), B220 (B lymphocytes, brown colour) and with naphtol ASBI phosphate and red–violet LB salt (macrophages, red colour).
Germinal centers (GC) are indicated by arrows. The section shown in D was stained for macrophages (acid phosphatase active cells, red) and
counterstained with heamatoxylin. Ambient air particles of various sizes can be observed. Sample E was examined without any staining, using
fluorescence microscopy.
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Fig. 6. Selected cellular parameters in the popliteal lymph node 5 days after a single injection into both hind footpads of HBSS, 50�g OVA or
50�g OVA with 100�g of the particle fractions Amsterdam (A’dam) coarse and fine, Lodz coarse and fine and Oslo2 coarse and fine. Single
cell suspensions were stained with antibodies against CD19 (A), or CD19 and CD86 (B). IL-4 (C) and IFN-� (D) in cell culture supernatants
were measured by ELISA after culture with ConA (5�g/ml) for 24 and 48 h, respectively. Each point represents an individual mouse (A, B) or
a pool of cells from three animals (C, D), and columns represent the group median value. Data from one representative experiment are shown,
whereas the statistical analyses are based on two independent experiments. The cytokine levels were log-transformed before statistical analyses,
to achieve normal distribution and equal variances. # and * indicate a statistically significant difference (P< 0.05) compared to HBSS or OVA,
respectively, whereas brackets indicate a statistically significant difference (P< 0.05) between corresponding coarse and fine particle fractions
with OVA.

OVA consistently tended to induce higher IFN-� levels
than the coarse fractions, significantly only for the
Lodz fractions.

4. Discussion

In the present study, we have shown that ambient air
particulate matter from four European cities enhanced

the primary cellular response to the allergen OVA in the
draining lymph node after injection into the footpad.
Co-injection of OVA and particles generally changed
the expression of cell membrane molecules and altered
the pattern of cytokine production in the lymph node
cells. The cellular effects of particles and OVA given
separately were marginal, indicating that the effect of
particles on the primary cellular responses to OVA in
the lymph node is synergistic, not just additive. This ad-
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juvant effect of ambient air particles during the allergen
sensitisation phase is associated with increased levels
of allergen-specific antibody responses after allergen
challenge, as demonstrated in other studies (Lovdal et
al., 2003).

An adjuvant effect of different particles on IgE
production has earlier been shown both after intraperi-
toneal, intranasal, intratracheal and subcutaneous ex-
posure (Granum et al., 2001a, 2001b; van Zijverden
et al., 2001; Lovik et al., 1997; Nygaard et al., 2004).
Studies of the cellular response in the PLN after sub-
cutaneous injection are therefore assumed to be rel-
evant for the mechanisms of immunoregulation and
the adjuvant effect of particles also after airways ex-
posure. The subcutaneous PLN model is particularly
well suited for studies of the cellular response in a
draining lymph node, as the popliteal lymph node is
the only node draining the footpad (Tilney, 1971).
In addition, it is advantageous that the retained dose
varies less after subcutaneous injection than after ex-
posure by instillation or aerosol in the airways. Most
RAIAP particle fractions have previously been found
to have IgE and IgG2a adjuvant activity after sub-
cutaneous injection into the footpad. Since no con-
sistent differences were observed between cities or
seasons (Lovdal et al., 2003), the RAIAP particle
fractions examined in the present study were cho-
sen based on their differing IgE and IgG2a adjuvant
capacity.
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fine particles are more associated with acute asthma
symptoms than coarse particles (Schwartz and Neas,
2000).

DEP have been shown to exclusively exert a Th2-
associated antibody adjuvant effect after subcutaneous
injection in BALB/cA mice (Lovik et al., 1997; van Zi-
jverden et al., 2000; Nygaard et al., in press), whereas
the RAIAP particles have been shown to increase both
the Th2- and Th1-associated antibody levels (Lovdal et
al., 2003). The antibody response pattern with the fine
particles DEP, Oslo1 and Rome was Th2, Th1 > Th2
and Th2 > Th1, respectively. In the present study, the
cellular responses to OVA were most strongly enhanced
by DEP, and more by Oslo1 particles than by Rome
particles. The particle-induced alterations of the cel-
lular parameters studied here, including the cytokines,
did not predict the individual particle sample’s potency
to skew the Th1 or Th2 antibody balance observed in
the antibody experiments (Lovdal et al., 2003). The
polarised Th2 adjuvant DEP induced markedly more
pronounced changes in most of the cellular parame-
ters than did the mixed Th1 and Th2 adjuvants Rome
and Oslo1 particles. Assessing the effect of particles
on regulatory T cells could possibly help explain the
antibody response pattern.

Even though DEP with OVA induced clearly more
pronounced cellular changes than the RAIAP particles,
DEP alone appeared not to affect the cellular param-
eters measured. Similarly, we have previously shown
that 0.1�m PSP, another Th2-polarised antibody ad-
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particles’ varying capacity to increase the cytokine lev-
els probably is influenced by differing substances ad-
sorbed to the particles. The ability of the particles to
induce production of different cytokines will presum-
ably influence the skewing of the responses towards
Th1- or Th2-associated antibodies.

Taken together, we have shown that ambient air
particles enhance the cellular response in the draining
lymph node during the primary response to an allergen.
The particles caused up-regulation of several parame-
ters in part associated with an immune response in gen-
eral (PLN cell numbers and B cell expression of MHC
class II), in part associated with a Th2-related immune
response (the cytokine IL-4), as well as parameters pos-
sibly involved in the regulation of the Th2 response
(CD86 and CD23 expression). The cellular parame-
ters measured could, for the individual sample, neither
predict the degree of a Th2- or Th1-skewed antibody
response, nor the stronger antibody adjuvant effect of
fine than coarse particle fractions from ambient air.
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