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Cat allergen induces proinflammatory responses by human
monocyte-derived macrophages but not by dendritic cells

Background: The upper airway mucosa of healthy humans contains a dense
network of cells with dendritic morphology of which the majority express a
macrophage-like phenotype (CD14+ CD64 + CD68 + ), whereas the smaller
population are immature dendritic cells (DC; CD11c+ CD14-). Our aim was to
study the proinflammatory response of human monocytes and in vitro-generated
macrophages and DC after contact with cat allergens.

Methods: Monocyte-derived DC and monocyte-derived macrophages were
exposed to cat allergen extract or Escherichia coli. Purified monocytes were
stimulated with allergen extracts from cat or house dust mite (HDM) or the
major allergenic protein Fel d 1 and induction of proinflammatory cytokines by
monocytes was analyzed before and after blocking CD14.

Results: We show that cat allergen extract induced tumor necrosis factor (TNF)
and interleukin (IL)-6 production by CD14-positive macrophages but not by
CD14-negative DC. Moreover, monocytes produced significantly higher levels of
TNF in response to cat allergens than in response to HDM allergens. We ob-
served no differences in levels of TNF and IL-6 from either macrophages or
monocytes after exposure to cat allergen when comparing healthy and cat-
allergic individuals. Finally, the proinflammatory cytokine production from
monocytes in response to cat allergen extract but not to HDM allergen was
significantly reduced by blocking CD14.

Conclusion: These results indicate that closely related innate immune cells from
the myeloid lineage respond differentially to cat allergen extract and that the
pattern-recognition receptor CD14 might be one of the mediators involved in the
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The human upper airway mucosa is constantly exposed to
a wide variety of exogenous antigens, which are sampled
by antigen-presenting cells (APC) and presented to T
cells. In humans, it has recently been described that the
mucosa of the upper respiratory tract contains two main
APC populations with a dendritic morphology. The
majority of these cells express a macrophage-like pheno-
type (CD14+CD64+ CD68+), whereas the smaller
population is predominantly constituted by immature
dendritic cells (DC; CD11c+CD14—; 1). The DC are
generally considered to be the principal APC involved in
presenting microbial structures to naive T cells. Immature
DC can be differentiated from CD14-positive monocytes
in vitro by incubation with granulocyte-macrophage
colony-stimulating factor (GM-CSF) and interleukin 4
(IL-4; 2), and studies from animal models indicate that
monocytes may also differentiate into DC in vivo (3).
Recognition of pathogen-associated molecular patterns
(PAMPs) by pattern-recognition receptors (PRRs) ex-
pressed on DC leads to up-regulation of activation
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markers, induction of cytokine production and migration
to lymph nodes, which are crucial events for generation of
adaptive immune responses (4). In contrast to DC, which
transfer information from the periphery to the regional
lymph nodes, tissue macrophages appear to exert their
function in situ. These highly phagocytic cells also express
PRRs, such as CD14 and Toll-like receptors (TLRs), and
play an important role in innate immunity, for example,
by producing proinflammatory cytokines (5). CD14 has
been described to play a key role in initiating cell
activation induced by a group of cell wall components
from both gram-negative and gram-positive bacteria (6).
CDI14, however, lacks an intracellular domain and
therefore has no intracellular signaling capacity, but has
been suggested to function as a co-receptor for TLRs (7).

The role of different APC in the induction of allergic
disease is not fully understood. Airway DC are essential
for inducing Th2 responses and sensitization to inhaled
allergen as shown in a murine model of asthma (8). In
contrast, alveolar macrophages appear to be important in



prevention of allergic sensitization in the healthy lung, as
depletion of these cells can lead to vigorous immune
responses with influx of T cells and immunoglobulin E
(IgE) production in allergic mice (9). However, the
reactivity to allergens by tissue macrophages, or their in
vitro correlates, has not been studied although they are
present in large numbers in the nasal human mucosa.

Proteins from domestic cats (Felis domesticus) are some
of the most potent elicitors of allergic disease, particularly
asthma, affecting people worldwide. The most prominent
allergen in cat dander is a glycoprotein, termed Fel d 1,
which elicits IgE responses in 90-95% of patients with cat
allergy and accounts for 60-90% of the total allergenic
activity (10). There are several differences between the
major allergens derived from cats and dust mites (Der p |
and Der f'1). In contrast to Fel d 1, both Der p 1 and Der
f 1 have an enzymatic activity that can cleave CD25 as
well as open up epithelial junctions, while Fel d 1 is
heavily glycosylated (11, 12). Moreover, cat allergens are
small continuously air-borne particles, whereas mite
allergens are larger in size and are air-borne only with
disturbance. This result in a 10- to 100-fold higher
exposure to cat allergens compared with house dust mite
(HDM) allergens (13). However, the immunologic out-
come of the interaction between cat and HDM allergens
and various innate immune cells present in the upper
airway mucosa has not been studied. Therefore, we set
out to investigate the ability of cat and HDM allergen
extract to induce proinflammatory cytokine responses by
human monocyte-derived DC, monocyte-derived macr-
ophages, and monocytes.

Materials and methods
Reagents

Dried defatted allergen extracts from cat (F. domesticus) and
HDM  (Dermatophagoides — pteronyssinus) were reconstituted
according to the protein content. Cat allergen extract and recom-
binant cat allergen (Fel d 1) expressed in a baculovirus expression
system were obtained from ALK-Abello (Horsholm, Denmark)
(14). The HDM allergen extract was purchased from Greer
Laboratories (Lenoir, NC, USA). The endotoxins were depleted
from cat allergen extract by use of END-X B15 endotoxin affinity
resin (Associates of Cape Cod, Falmouth, MA, USA) (15). The cat
allergen extract contained 9.5 pg lipopolysaccharide (LPS)/ug,
Fel d 1 contained <1.3 x 107 pg LPS/ug and HDM allergen
extract contained 0.2 pg LPS/pg tested by Limulus amoebocyte
lysate end-point test (LAL-test; Bio-Whittaker, Walkersville, MD,
USA). Escherichia coli was obtained from the Culture Collection
of the University of Goéteborg (CCUG; Goteborg, Sweden) and
LPS from E. coli (serotype 055:B5) were purchased from Sigma-
Aldrich (St Louis, MO, USA).

Cell separation

Blood samples were obtained from adults who were either sensitized
[skin prick test (SPT)+; n = 8] or not sensitized (SPT—; n = 5) to
cat allergen. A wheal diameter of >3 mm was used as the criterion
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to select the SPT+ subjects. All patients had a history of cat
allergen-induced moderate or severe rhinoconjunctivitis with dur-
ation of at least 4 years. The volunteers gave informed consent to
participate in the study, which was approved by the local Human
Research Ethical Committee of the Medical Faculty, Goteborg
University, Goteborg, Sweden. For blocking experiments on
monocytes, buffy coats from blood donors were obtained from the
blood donor center at Sahlgrenska University Hospital. Mononu-
clear cells were separated over Lymphoprep™ (Nycomed, Oslo,
Norway) and CD14-positive monocytes were purified by magnetic
cell sorting using a positive selection technique (MACS® system™ ™,
Miltenyi Biotech, Bergisch Gladbach, Germany). Analysis with flow
cytometry showed that more than 95% of the purified cells ex-
pressed CDI14. To exclude that positive selection for CD14-
expressing cells would interfere with blocking experiments using
anti-CD14 antibodies, we also purified monocytes by the counter-
current centrifugal elutriation technique (16) and similar results
were obtained in experiments blocking CD14 with either purifica-
tion method.

Generation of monocyte-derived macrophages and dendritic cells

For generation of macrophages, monocytes (5 x 10°/ml) were cul-
tured with tM-CSF (2 ng/ml; Sigma) in macrophage-SFM medium
(Invitrogen, San Diego, CA, USA). For generation of DC, mono-
cytes (5 x 10°/ml) were cultured with rGM-CSF (300 U/ml) and
rIL-4 (500 U/ml; R&D systems, Minneapolis, MN, USA) in RPMI-
1640 supplemented with 2% heat-inactivated autologous serum,
L-glutamine (1 mM) and gentamycin (50 pg/ml). The cells were
cultured in 5% CO, at 37°C for 6-7 days and were re-fed with
M-CSF or GM-CSF and IL-4 every second day. This resulted in
generation of macrophages positive for CD14, and in DC positive
for CD11c but negative for CD14.

Cell cultures

Monocyte-derived macrophages (5 x 10°/ml) and monocyte-derived
DC (5 x 10°/ml) were stimulated with cat allergen extract (10 pg/
ml) or E. coli (5 x 10°/ml). Monocytes (5 x 10°/ml) were stimulated
with allergen extract from cat and HDM (100 pg/ml), Fel d 1
(10 pg/ml) or LPS. During stimulation, all cell cultures were kept in
5% CO;, at 37°C for 24 h in serum-free media. In blocking experi-
ments, monocytes (5 x 107 cells/ml) were incubated with monoclo-
nal antthuman TLR4 (HTA125), a-CD14 (UCHM-1) or the 1gG2a
isotype control antibody (10 pg/ml) for 45 min at 4°C prior to sti-
mulation with allergen extracts from cat or HDM (100 pg/ml) for
24 h. All antibodies were purchased from Serotec (Oxford, UK). To
exclude that cytokine production was induced by LPS contamin-
ation we added various concentrations of polymyxin B (an anti-
biotic that neutralizes LPS; Sigma-Aldrich) together with the
allergens to the cultures. One microgram per ml of polymyxin B
neutralizes 2 ng/ml LPS.

Cytokine analysis

A standard enzyme-linked immunosorbent assay (ELISA) proce-
dure was performed as described in detail elsewhere (17). Briefly,
Costar plates (Invitrogen) were coated with the antihuman cap-
ture monoclonal antibodies (mAbs): tumor necrosis factor
(a-TNF; MADI), a-IL-6 (MQ2-13A5) and standard curves were
generated using recombinant human TNF and IL-6. The
following biotinylated detector antibodies were used: a-TNF
(MADbI11) and a-1L-6 (MQ2-39C3). All antibodies and standards
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were purchased from Pharmingen (Pharmingen, San Diego, CA,
USA). Samples, standards, biotinylated antibodies, and strept-
avidin-horse radish peroxidase (HRP) were diluted in high-per-
formance ELISA dilution buffer Sanquin (Amsterdam, the
Netherlands).

Statistical analysis

The data were analyzed by the Wilcoxon matched pairs test
(GraphPad Prism, San Diego, CA, USA) or Mann—Whitney U-test
as described in figure legends.

Results

Cat allergen induces proinflammatory cytokine production from
monocyte-derived macrophages but not from monocyte-derived DC

As the human upper airway mucosa contains not only
CD14-negative immature DC but also a majority of
CD14-positive macrophages, we set out to study the
interactions between these cell types and environmental
allergens by generating human monocyte-derived DC
and monocyte-derived macrophages in vitro. As shown
in Fig. 1A, approximately 90% of the monocyte-derived
macrophages expressed CD14 on the surface, whereas
monocyte-derived DC did not express this molecule. We
then analyzed the cytokine production from the CD14-
negative DC and the CDI14-positive macrophages in
response to cat allergen extract (cat) or the positive
control UV-killed E. coli. As shown in Fig. 1B, we
found that DC produced very low levels of TNF and no
IL-6 in response to cat. Similar results were obtained
when the dose of cat was increased from 10 to 100 pg/ml
(data not shown). In contrast to DC, macrophages
produced considerably higher levels of both TNF and
IL-6 when exposed to cat. In response to E. coli bacteria,
TNF and IL-6 was produced in high amounts by both
DC and macrophages (Fig. 1C). However, the proin-
flammatory cytokine production was significantly higher
from macrophages compared with DC. Unstimulated
DC or macrophages did not produce any proinflamma-
tory cytokines. We observed no differences in levels of
cytokines from either DC or macrophages when com-
paring healthy and allergic individuals after stimulation
with cat or E. coli (Table 1). Thus, cat allergen extract
induces proinflammatory responses only from the CD14-
positive macrophages, whereas E. coli is able to induce
TNF and IL-6 from both macrophages and CD14-
negative DC.

Next, we investigated how CDI14-positive monocytes
respond to stimulation with different allergens (Fig. 2A),
as they in contrast to macrophages do not require to be
generated in vitro. As shown in Fig. 2B, we found that
allergen extracts from both cat and HDM induced TNF
production from monocytes in a dose-dependent manner.
Similar results were obtained for IL-6 production (data
not shown). However, when comparing cat and HDM
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Figure 1. (A) Expression of CD14 and CD86 on unstimulated
human monocyte-derived dendritic cells (DC) and macrophages.
The percentages of positive cells are indicated in the upper right
quadrants of the panels. (B and C) tumor necrosis factor (TNF)
and interleukin (IL)-6 production by monocyte-derived DC and
macrophages (5 x 10°/ml) in response to (B) cat allergen extract
(10 pg/ml) or (C) Escherichia coli (5 x 10°) for 24 h. Each symbol
represents one individual and the horizontal bars represent the
median value. *P < 0.05, **P < 0.01 and ***P < 0.001
(Mann—-Whitney U-test).

allergen-induced proinflammatory cytokine production
we found that the TNF-production induced in response
to cat allergen was approximately fivefold higher than
that induced by the HDM allergen, whereas both
allergens induced high levels of IL-6 (Fig. 2C,D). These
data indicate that the induction of TNF and IL-6 does
not correlate with the LPS contamination of the allergens
used because the cat allergen contained 50-fold higher
LPS levels relative to the HDM allergen. Interestingly, we
did not observe any proinflammatory cytokine produc-
tion by monocytes after exposure to LPS-free recombin-
ant Fel d 1, suggesting that other components than the
major allergenic protein in the cat allergen extract are
responsible for triggering TNF and IL-6 production. As
for DC and macrophages, we did not observe any
difference in cytokine production by cat allergen-stimu-
lated monocytes from sensitized relative to nonsensitized
subjects (Table 2).



Table 1. Cytokine production by dendritic cells (DC) and macrophages from nonal-
lergic and cat-allergic individuals stimulated with cat allergen or Escherichia coli*

Nonallergic (n = 5) Cat-allergic (n = 6) P-value
Cat allergen
DC
TNF (ng/ml) 0.07 (0.03-0.24)t 0.11 (0.02-0.20) NS
IL-6 (ng/ml) 0.09 (0.04-0.21) 0.09 (0.04-0.20) NS
M@
TNF (ng/ml) 0.56 (0.33-2.45) 0.36 (0.14-0.87) NS
IL-6 (ng/ml) 2.04 (1.15-6.05) 3.88 (1.42-10.91) NS
(n=79) (n=8)
E. coli
DC
TNF (ng/ml) 2.85 (1.10-4.30) 3.10 (0.092-12.59) NS
IL-6 (ng/ml) 8.75 (3.36-17.60) 15.40 (0.41-40.72) NS
M@
TNF (ng/ml) 9.24 (1.74-18.18) 471 (3.28-17.02) NS
IL-6 (ng/ml) 42.35 (5.34-57.53) 33.95 (26.55-65.086) NS

*Stimulation of monocyte-derived DC and macrophages (5 x 10%/ml) from nonal-
lergic and cat-allergic subjects after stimulation with cat allergen extract (10 pg/ml)
or E. coli (5 x 10°) for 24 h.

tData represent the median value and the range is shown in brackets.

Blocking of CD14 leads to abrogation of cat allergen-triggered
cytokine production

To further investigate the role of CD14 in cat allergen-
induced cytokine production, monocytes were preincu-
bated with CD14-specific antibodies prior to stimulation
with cat. As shown in Fig. 3A, blocking CD14 reduced
the allergen-induced cytokine production by approxi-
mately 60% (TNF: 61% and IL-6: 60%) compared with
the isotype control antibody. The TNF and IL-6
production induced by HDM, on the other hand, was
not inhibited by blocking CD14 (Fig. 3B). To exclude
that the cytokine production and the blocking effect was
induced by contamination of the allergen with LPS, we
added polymyxin B to the cultures. We found that the
blocking effect of anti-CD14 on the production of TNF
and IL-6 after cat stimulation remained stable after
neutralization of LPS (Fig. 3A). In Fig. 3C, we show that
polymyxin B (1 pg/ml) inhibited LPS-induced (100 ng/
ml) TNF production by 85% and IL-6 by 88%, indica-
ting that polymyxin B is able to neutralize LPS efficiently
in our serum-free culture system. Moreover, the fact that
the addition of LPS (1, 10 or 100 ng/ml) to the cat
allergen extract did not increase the TNF production
(Fig. 3D) further supports that the allergen rather than
the LPS contamination was responsible for the cellular
activation. Similar results were obtained for IL-6 pro-
duction (data not shown). Finally, 10 ng of LPS, which is
approximately 10-fold higher levels than that present in
the cat allergen, did not induce any production of TNF
by monocytes under serum-free conditions (Fig. 3E). We
also investigated the role of TLR4 in cat allergen
recognition. However, no inhibitory effect on proinflam-
matory cytokine production was observed after blocking
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Figure 2. (A) Expression of CD14 and CDl11c on freshly iso-
lated human monocytes. The percentage of positive cells is
indicated in the upper right quadrant of the panel. (B) Tumor
necrosis factor (TNF) production by monocytes (5 x 10°/ml) in
response to cat and house dust mite (HDM) allergen extracts
(10, 50 or 100 pg/ml) for 24 h. (C and D) TNF and interleukin
(IL)-6 production by monocytes (5 x 10°/ml) in response to Fel
d 1 (10 pg/ml) or allergen extracts from cat or HDM (100 ng/
ml) for 24 h. Each symbol represents one individual (atopic
status unknown) and the horizontal bars represent the median
value. **P < 0.01 (Mann—Whitney U-test).

Table 2. Cytokine production by monocytes from non-allergic and cat-allergic
individuals stimulated with cat allergen.*

Cat allergen Non-allergic (n = 4) Cat-allergic (n = 4) P-value
Mo TNF (ng/ml) 0.81 (0.32-2.71)+ 1.11(0.45-1.91) ns
IL-6 (ng/ml) 15.28 (8.48-28.04) 18.04 (11.46-19.16) ns

*Stimulation of monocytes (5 x 10° per ml) with cat allergen extract (100 pg/ml) for
24 h.
tData represent the median value and the range is shown in brackets.

this receptor (data not shown). Moreover, no additive
inhibitory effect was seen when CD14 antibodies were
combined with a-TLR4 (data not shown). In summary,
these data suggest that CD14 might be involved in cat
allergen extract-induced proinflammatory cytokine pro-
duction from CD14-positive cells.

Discussion

The upper airway mucosa of humans contains a dense
network of heterogeneous populations of APC with
dendritic morphology (1). These innate immune cells
have developed to recognize microbial antigens through
PRRs in order to mount a proinflammatory innate
response and induce a subsequent acquired immune
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Figure 3. Tumor necrosis factor (TNF) and interleukin (IL)-6 production by human monocytes (5 x 10°/ml) after incubation with
a-CD14 monoclonal antibodies (mAbs) or IgG2a isotype control antibody (10 pg/ml) for 45 min prior to stimulation with cat (A) or
house dust mite (HDM) (B) allergen extract (100 pg/ml) in absence or presence of polymyxin B (0.1 or 1 pg/ml). Each symbol
represents one individual and the horizontal bars represent the median value. (C) Cytokine production by monocytes after stimulation
with lipopolysaccharide (LPS; 100 ng/ml) in the presence of polymyxin B (0.1, 1 or 10 pg/ml; dotted lines represent the detection limit).
(D) TNF production by monocytes (5 x 10%/ml) after stimulation with cat allergen extract in combination with various doses of LPS
(1, 10 or 100 ng/ml). (E) TNF production by human monocytes (5 x 10°/ml) in response to Escherichia coli LPS (0.1, 1, 10, 100 and
1000 ng/ml) in presence (filled diamonds) or absence (open diamonds) of serum. Arrows indicate the LPS content in 100 pg/ml of cat
allergen extract. *P < 0.05 and **P < 0.01 (Wilcoxon matched pairs test).

response. The role of APC in the induction of allergic
sensitization and disease is being explored. In mouse
models, airway mucosal DC have been shown to have a
central role in the induction of Th2-mediated immune
responses to environmental allergens and also in the
inflammatory allergic airway response to allergen chal-
lenge (8, 18). The maturation of DC is central for T cell
activation and differentiation. Human immature DC
that are exposed to inflammatory stimuli such as TNF
and IL-1f, no longer endocytose but instead up-regulate
adhesion and costimulatory molecules and thereby
develop into mature DC (19). In the present study, we
found that human monocyte-derived CDI14-positive
macrophages produced high levels of proinflammatory
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cytokines after cat allergen exposure, whereas CD14-
negative monocyte-derived DC were virtually unrespon-
sive. Therefore, proinflammatory cytokines from
macrophages of the upper airway mucosa might provide
maturation signals to DC which subsequently may
migrate to the regional lymph nodes and induce a T cell
response.

Recent studies have shown that ovalbumin does not
activate DC in vivo in the absence of PAMPs, such as
LPS, and is thereby unable to induce Th2-sensitization in
mouse models (20). Thus, signals provided by the innate
immune system seem to be required not only for Thl but
also for Th2 differentiation. The fact that individuals
react with antigen-specific Th2 polarized immune



responses to inhaled allergens may result from concom-
itant exposure to low levels of PAMPs or that allergens
contains structures that are recognized by receptors
expressed on innate immune cells. We have previously
found that exposure of DC to birch allergen extract
together with high levels of LPS leads to production of
TNF and IL-6 by DC themselves, while birch allergen
alone did not induce proinflammatory cytokines. Using
LPS + birch allergen-exposed DC as APC resulted in
inhibition of Th2 differentiation of naive autologous T
cells from newborn children (21). Thus, exposure of the
mucosa with an allergen in combination with low levels
of PAMPs might induce production of maturation
signals by macrophages, which may indirectly activate
DC and enable them to migrate to the lymph nodes and
induce a Th2 response. In contrast, concomitant expo-
sure to high levels of PAMPs might instead induce a
direct maturation of DC, possibly leading to a Thl
immune response (20).

The fact that macrophages and immature DC differ in
their ability to respond to cat allergen indicate that
macrophages express receptors not found on DC, which
have the capacity to recognize structures in the cat
allergen extract. One such candidate receptor is CD14,
which is expressed on monocyte-derived macrophages but
not on monocyte-derived immature DC. Escherichia coli
bacteria, on the other hand, which are likely to be
recognized by a complex combination of receptors
expressed on most innate immune cells induced high
levels of TNF and IL-6 from both macrophages and DC
(22, 23). CD14-positive monocytes represent a large pool
of circulating precursors that can differentiate into
macrophages or DC (2, 24). We found that cat and
HDM allergen-induced comparable levels of IL-6 by
monocytes. However, cat allergen induced significantly
higher levels of TNF relative to HDM allergen, suggest-
ing that structures recognized by monocytes differ among
allergens. We also observed that recombinant LPS-free
Fel d 1 did not induce proinflammatory cytokines by
human monocytes, indicating that other components
than the major allergenic protein in the cat allergen
extract elicit TNF and IL-6 production. Chen et al.
propose that HDM allergen-proteins stimulate mouse
alveolar macrophages to release proinflammatory medi-
ators via recognition of carbohydrate moieties (25). Thus,
carbohydrate structures in the cat allergen extract might
be responsible for the induction of TNF and IL-6
production by macrophages and monocytes.

In the present study, blocking CD14 but not TLR4 on
monocytes reduced cat allergen-induced proinflammatory
cytokine production. However, as CD14 does not have an
intracellular signaling capacity it remains to be elucidated
which other cooperating receptors that are involved. In
contrast to cat allergen, the cytokine response to HDM
allergen was not reduced when blocking CD14, which
indicates that the inhibition is not unspecific. It could be
argued that the effect of the cat allergen on the monocytes

The effect of cat allergen on human APCs

was caused by contamination of LPS. However, several
lines of evidence speak against this assumption. First, the
cat allergen extract contained very low levels of LPS
(9.5 pg LPS/pg extract). Secondly, when the LPS-neut-
ralizing agent polymyxin B was added to the cultures the
inhibitory effect remained. Moreover, adding LPS to the
cat allergen extract did not increase the proinflammatory
cytokine production. Finally, using 10-fold higher levels
of LPS than present in the cat allergen cultures did not
induce any production of TNF or IL-6 by monocytes
when stimulation was performed in absence of serum. In
accordance with our observations, it has been demon-
strated that LPS-binding protein (LBP) and soluble
CD14, which both are present at high concentrations in
human serum, represent key elements in monocyte
activation by LPS and that the presence of LBP is
prerequisite for cell activation using low LPS concentra-
tions (26, 27).

Our study indicates that APC such as monocytes,
macrophages, and DC from healthy and allergic subjects
do not differ in their ability to induce proinflammatory
responses in response to cat allergen. It has previously
been shown that monocyte-derived DC from HDM-
sensitized patients pulsed with the immunodominant
allergen protein Der p 1 produced higher levels of I1L-6
than those of healthy donors (28). The fact that we did
not observe any differences regarding cytokine responses
from allergic and nonallergic subjects might be due to
that HDM and cat allergen activate APC via distinct
receptors, and that only some of these receptors are
differentially expressed on cells from allergic and healthy
individuals (29).

The present study shows that human monocyte-derived
macrophages produce high levels of TNF and IL-6 in
response to cat allergen, whereas monocyte-derived DC
do not. The PRR CD14, which also recognizes endotoxin,
might be one of the mediators in the inflammatory
response as blocking this receptor on monocytes signifi-
cantly reduced the cat allergen-induced cytokine produc-
tion. Epidemiologic studies suggest that endotoxin
exposure during infancy may induce tolerance to envi-
ronmental allergens and thus reduce the risk of allergy
(30, 31). Moreover, several studies seem to have demon-
strated a protective effect of cat ownership with respect to
development of allergy (32-35). The protective effect was
only found when children were exposed to high levels of
cat allergen, whereas exposure to medium doses of cat
allergen appeared to promote allergic sensitization (33).
However, future prospective studies with well-character-
ized populations are needed to confirm these findings as
well as exploring other measures of prevention (36). Also,
the mechanisms for the possible protective effect of
exposure to both bacterial components and cat allergens
are presently unknown and need to be investigated. These
findings may also play an important role in allergen
desensitization.
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