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Summary

Background A proportion of nasal epithelial cells (NEC) in patients with allergic rhinitis (AR)
are known to express the major histocompatibility complex Class II molecule (HLA-DR).
Objective We hypothesized that NEC may play a role in antigen presentation to T cells. To
elucidate the possible role of NEC in antigen presentation, we examined the expression of
HLA-DR, CD80 and CD86 in NEC, their regulation by cytokines and the capacity of NEC to
induce antigen-specific proliferation of T cells.
Methods We examined the expression of HLA-DR, CD80 and CD86 in nasal epithelial
scrapings of patients with seasonal allergic rhinitis (SAR) to Japanese cedar pollen pre-
season and in-season, by immunohistochemistry. Next, we examined the effect of IL-1b,
TNF-a, (IFN-g), IL-4 a, IL-13 and diesel exhaust particles (DEP) on the HLA-DR, CD80 and
CD86 expression in cultured nasal epithelial cells (CNEC), by flow cytometry. Further, we
analysed the capacity of mite antigen (Der f II)-pulsed mitomycin-C-treated CNEC to induce
proliferation of autologous T cells from patients with perennial allergic rhinitis.
Results NEC constitutively expressed HLA-DR and CD86, but not CD80. The expression of
HLA-DR and CD86 in NEC was significantly increased in-season, in patients with SAR as
compared with that of pre-season. While IFN-g up-regulated the expression of HLA-DR, IL-1b
and TNF-a up-regulated the expression of CD86 in CNEC. Furthermore, in the presence of
mite antigen, CNEC induced the proliferation of autologous peripheral blood T lymphocytes.
Anti-CD86 and anti-HLA-DR monoclonal antibody but not anti-CD80 inhibited the epithelial
cell-induced T cell proliferation. Stimulation with a combination of DEP and mite antigen
significantly up-regulated HLA-DR and CD86 expression in CNEC.
Conclusions These studies suggest that NEC in patients with AR may play a role in antigen
presentation through the enhanced expression of HLA-DR and CD86. Furthermore, these
results suggest the possibility that DEP may enhance the antigen-presenting function of
CNEC.
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Introduction

For several years, nasal epithelial cells (NEC) were con-
sidered to play a simple role of a mucosal barrier while
being involved in the secretion of mucous or removal of
foreign agents by their cilia [1]. However, recent studies
have shown that epithelial cells have a much wider range
of activities including the release of eicosanoids [2, 3],
endopeptidases [4], cytokines and chemokines [5–9].
Epithelial cells in allergic individuals (asthmatics

and rhinitics) are in an activated state, as shown by
the increased expression of adhesion molecule-like inter-
cellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1) [10, 11], and the
increased production of inflammatory mediators like IL-6,
IL-8, granulocyte-macrophage colony-stimulating factor
(GM-CSF), TNF-a [8, 9] thus contributing to the enhance-
ment of the allergic reaction. However, epithelial cells
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may also play other important roles via direct cell-to-cell
interaction. A proportion of NEC has been reported to
express the major histocompatibility complex (MHC) Class
II molecule (HLA-DR) [9, 12–15]. We therefore hypothe-
sized that NEC may probably play a role in antigen
presentation.

In addition to HLA-DR, CD80 and CD86 (B7-1 and 2) are
key co-stimulatory molecules involved in antigen presen-
tation [16]. Optimal activation of T cells requires both co-
stimulation and T cell receptor engagement. Antigen
presentation in the absence of co-stimulation may lead to
T cell anergy. Co-stimulatory interactions between the B7
family ligands expressed on antigen-presenting cells
(APC) and their receptors on T cells play critical roles in
the growth, differentiation and death of T cells [17–21].
Engagement of the T cell co-stimulatory receptor CD28 by
its ligands CD80 and CD86 augments the activation
of T cells and promotes T cell survival. The question as to
whether NEC expresses co-stimulatory molecules is
relevant because epithelial cells express MHC Class II
molecules. However, little is known about the expression
of co-stimulatory molecules on NEC. To elucidate the
possible role of NEC in antigen presentation, we examined
the expression of HLA-DR, CD80 and CD86 in NEC
and its regulation by cytokines. We also examined the
potential of cultured nasal epithelial cells (CNEC)
in inducing antigen-specific proliferation of autologous
T cell.

In recent years, epidemiological studies have shown a
significant association between exposure to various
pollutants and an increase in allergic diseases. In fact,
short-term exposure to diesel exhaust in healthy human
volunteers has demonstrated an increase in the release
of inflammatory mediators, increased IgE synthesis
and up-regulation of leucocyte adhesion molecule
expression [22]. In vitro studies have shown that
diesel exhaust particles (DEP) can enhance the cytokine
secretion from epithelial cells [23], but its effects on
cell surface adhesion molecules like HLA-DR and CD86
have not yet been studied. We therefore examined
the effect of DEP on the expression of HLA-DR and CD86
in CNEC.

Materials and methods

Patients

Thirteen patients with seasonal allergic rhinitis (SAR) to
Japanese cedar pollen (JCP) (M : F 9 : 4; mean age 29.7
years) who presented with typical symptoms of SAR, and
were diagnosed on the basis of clinical history, anterior
rhinoscopic examination and RAST for allergen-specific
IgE in the serum were included in the SAR study. None of
the SAR patients included in the study were on topical
steroids or immunotherapy. In the second study, 10

patients with perennial allergic rhinitis (PAR) to house
dust mite (HDM) (M : F 6 : 4; mean age 29.0 years) were
selected on the basis of their typical nasal symptoms of
sneezing, rhinorrhoea and nasal congestion and allergy
tests (nasal provocation test, skin test and RAST). None of
the PAR patients were on any medications for at least 2
weeks before collecting the specimens and none were on
immunotherapy. All patients were symptomatic at the
time of taking specimens. All studies had been approved
by the Human Protection of Subjects Committee of the
Nippon Medical School, Tokyo, Japan.

Collection and preparation of specimens

Nasal epithelial scrapings were obtained in the out-patient
clinic using a small sterile surgical curette measuring
2.5� 3.5 mm in cup size, as described previously [24].
The pre-season scrapings were collected in the first 2
weeks of January (early January) before the onset of the
pollen scattering. The in-season scrapings were collected
at the peak of the season from the middle of February to
the middle of March of 2001, which was a heavy pollen
season. Approximately six to eight scrapings were col-
lected from each patient. The scrapings were fixed in
periodate lysine paraformaldehyde (PLP), washed in phos-
phate-buffered saline with a graded series of sucrose
(10–15%) cytospinned onto silane-coated slides and
stored at � 80 1C until further use.

Monoclonal antibodies

The primary antibodies used in this study, the mouse anti-
human HLA-DR monoclonal antibody (mAb) (Becton
Dickinson, Mountain View, CA, USA), the mouse anti-
human CD86 and the mouse anti-human CD80 mAbs
(Pharmingen, San Diego, CA, USA), the fluorescein
isothiocyanate (FITC)-conjugated mouse anti-human
HLA-DR (Becton Dickinson) and the phycoerythrin
(PE)-conjugated mouse anti-human CD86 and the PE-
conjugated mouse anti-human CD80 mAbs (Pharmingen),
were purchased as indicated. The isotype-matched immu-
noglobulins used as negative controls in this study, the
mouse IgG1 (Dako, Denmark, UK) and the mouse IgG2a
(Dako), the respective FITC/PE-conjugated mouse isotype-
matched IgG (Becton Dicknison) were purchased as in-
dicated.

Immunohistochemical analysis

The PLP-fixed scrapings that were cytospinned onto
silane-coated glass slides were immunostained with
the anti-human HLA-DR mAb, anti-CD80 mAb or anti-
CD86 mAb using the alkaline phosphatase-anti-alkaline
phosphatase method (APAAP Kit; DAKO). Briefly, air-
dried slides were fixed for 10 min in acetone. After
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rehydration in 0.05 M Tris-buffered saline, pH 7.6 (TBS),
and blocking with 10% normal rabbit serum (DAKO), the
cells were incubated overnight with the relevant primary
antibody anti-HLA-DR/anti-CD80 or anti-CD86 mAb at
optimal concentrations, at 4 1C. After rinsing thrice in
TBS, the cell specimens were incubated in the rabbit
anti-mouse immunoglobulin (DAKO) for 30 min at room
temperature. Finally, the reaction was developed using a
two-step APAAP method and a Fast Red substrate, in
accordance with the manufacturer’s instructions. Cell
specimens were then counterstained with Mayer’s haema-
toxylin (Sigma Chemical, St Louis, MO, USA) for 10 s,
rinsed in distilled water and mounted in Dako gel. For
negative control, the primary antibodies were substituted
with isotype-matched mouse IgG1.

Cell counting

Cell counting was performed by counting the positively
stained NEC per 100 epithelial cells in five randomly
selected fields using an objective micrometer and at a
magnification �200). In separate studies, we have de-
monstrated that more than 90% of the freshly isolated
cells in the nasal scraping samples were epithelial cells as
detected by cytokeratin staining.

Isolation and culture of NEC

NEC were isolated and cultured from biopsies of nasal
inferior turbinates as described previously [5]. Briefly,
inferior turbinates were collected at surgery carried out
for the treatment of severe nasal obstruction in the PAR
patients due to hypertrophied nasal turbinates. The speci-
mens were collected in McCoy’s 5A medium (GIBCO,
Grand Island, NY, USA) supplemented with 1% penicil-
lin–streptomycin (GIBCO) and 5�10� 5 mol/L of 2-mer-
captoethanol (McCoy’s 21medium) and then incubated in
McCoy’s 21medium containing 0.1% protease (type 14)
(Sigma) for 16 h at 4 1C. After incubation, 10% fetal calf
serum (FCS) was added and the epithelial cells were
detached by gentle scraping. The cell suspension was
centrifuged at 200 g for 10 min, and the pellet was resus-
pended in McCoy’s 21medium. The cells were then plated
onto collagen-coated 24-well culture plates for 24 h at
37 1C in a humidified CO2 incubator (5% CO2). At 24 h, the
supernatant was discarded and the adherant cells were
cultured to confluence for 5 days in McCoy’s 21medium
with 10% FCS. In separate studies, we have demonstrated
that all cells in this culture system were cytokeratin
positive [5].

Flow cytometric analysis

The culture medium was changed at confluency and the
NEC were stimulated for a further period of 5 days with

recombinant human IFN-g (R&D, Minneapolis, MN, USA)
(dose from 1 ng to 1 mg/mL), IL-1b (Sigma) (doses from
1 ng to 100 ng/mL), TNF-a (Genzyme, Cambridge, MA,
USA) (doses from 1 ng to 100 ng/mL), IL-4 (Genzyme)
(doses from 10 ng to 100 ng/mL) or IL-13 (Chemicon
International, Temecula, CA, USA) (doses from 10 ng to
100 ng/mL). After stimulation with respective recombi-
nant cytokines for 5 days, CNEC were harvested with
Trypsin-EDTA (Gibco), washed and stained with the
FITC-conjugated mouse anti-human HLA-DR mAb (Bec-
ton Dickinson), PE-conjugated mouse anti-human CD80
mAb (Pharmingen) or the PE-conjugated mouse anti-
human CD86 mAb (Pharmingen) and analysed by flow
cytometry using a FACScans (Becton Dickinson). Gating
for live epithelial cells was performed as shown in Fig. 3a
(upper panel) and dead cells were excluded by propidium
iodine (PI) staining. Negative control was performed by
substituting the FITC/PE-conjugated primary antibody
with isotype-matched FITC/PE-conjugated mouse IgG. A
shift to the right in the histogram after stimulation with
relevant cytokines as compared with unstimulated CNEC,
indicates the increase in mean flourescence intensity
(MFI). Results are expressed as the percentage positive
CNEC expressing CD86 or HLA-DR. An increase in the
percentage positive CNEC expressing CD86 or HLA-DR
relative to unstimulated (control) indicates an up-regula-
tion of CD86 and HLA-DR.

To examine the influence of DEP on the expression
of HLA-DR, CD80 and CD86 on the NEC, the CNEC were
treated for 5 days with DEP (doses from 5 ng to 1 mg/mL)
or DEP plus 10 mg/mL purified mite antigen Dermatopha-
goides farinae II (Der f II) (Torii Pharmaceutical, Tokyo,
Japan). DEP was obtained by collecting the exhaust from a
light-duty diesel passenger car into a cyclone impactor
equipped with dilution tunnel constant volume sampler
systems as described previously [25, 26]. [30 mg of DEP
was dissolved in 1 mL of DMSO (Sigma); subsequently, it
was dissolved in the medium to a dilution of 1 mg/mL
and diluted further for use]. After treatment with
DEP or DEP and purified mite antigen (Der f II), the cells
were harvested and analysed for the expression of
HLA-DR, CD80 and CD86, by flow cytometry as described
above.

T cell proliferation assay

Peripheral blood samples were obtained from the same
patients with PAR to HDM. Peripheral blood mononuclear
cells were isolated by Ficoll–Hypaque density gradient
centrifugation. Autologous T cells were purified from the
peripheral blood mononuclear cells by depletion of mono-
cytes and B cells using plastic adherence and passage
through nylon wool columns. The purity of T cells was
assessed by staining with the anti-CD3 mAb. Purified
T cells (1�105/well) were co-cultured with equal cell
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numbers of mitomycin-C (Wako Pure Chemical, Osaka,
Japan)-treated CNEC in the presence or absence of 0.1 mg/
mL of phytohaemagglutinin (PHA) (Wako Pure Chemical)
(as a positive control) or 1, 5 and 10 mg/mL of purified mite
antigen Der f II in RPMI 1640 (GIBCO) supplemented with
10% FCS, 2 mmol/L glutamine and 1% penicillin/strepto-
mycin. For the blocking studies, purified anti-HLA-DR
mAb, anti-CD80 mAb, anti-CD86 or the relevant mouse
IgG (as control) were added at a final concentration of
5 mg/mL at the start of the culture. The cultures were
incubated for 72 h and pulsed with 1 mCi/well of (3H)-
thymidine for the last 16 h. The cells were then harvested
and counted with a Liquid Scintillation System LSC-3000
scintillation counter (Aloka, Tokyo, Japan). Proliferation
data were expressed as a stimulation index (the counts per
minute of antigen-stimulated cells divided by the counts
per minute of unstimulated cells).

Measurement of cytokines by enzyme-linked
immunosorbent assay (ELISA)

The levels of GM-CSF, IL-8 and IL-6 in antigen-stimulated
CNEC were measured by the respective IL-6-, IL-8- and
GM-CSF-specific ELISA kits (R&D Systems).

Statistical analysis

All results are expressed as the mean� SD. Statistical
analysis for the data from SAR patients was performed
using the Wilcoxon signed-rank test, and the statistical
analysis for the remaining data was performed using the
Mann–Whitney U-test. A P-value o0.05 was considered
to be statistically significant. The software program used

for the statistical analysis was SPSS for Windows 11.5J,
SPSS Japan Inc., Tokyo, Japan.

Results

HLA-DR, CD80 and CD86 expression in freshly isolated
NEC of SAR patients to Japanese cedar pollen
pre- and in-season

The proportion of HLA-DR-positive NEC in the pre-season
and in-season nasal epithelial scrapings of patients with
JCP is as shown in Fig. 1a. Although in five out of 13
patients the baseline numbers of NEC expressing HLA-DR
were modestly elevated even pre-season (probably due to
minimal persistent inflammation), the percentage of NEC
expressing HLA-DR was significantly increased in-season
as compared with pre-season (pre-season: 27.4� 12.7%,
in-season: 54.3� 6.8%, Po 0.01). The proportion of
CD86-positive NEC pre-season and in-season of patients
with JCP is as shown in Fig. 1b. In the same five patients,
there was a marginal baseline increase in CD86 expression
in NEC even pre-season. However, CD86 expressing
NEC were significantly increased in-season as compared
with pre-season (pre-season: 23.7� 8.4%, in-season:
51.5� 7.8%, Po 0.01). Representative photographs of
the staining are shown in Figs 2a–f. Moreover, the
intensity of staining was marked in-season as compared
with weak staining pre-season. NEC from the SAR patients
did not express CD80 either pre-season or in-season. Our
results demonstrated that a proportion of NEC constitu-
tively expressed HLA-DR and CD86 and that the propor-
tion of HLA-DR and CD86 expressing NEC was increased
in-season in SAR patients. Morphologically, the epithelial
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Fig. 1. HLA-DR and CD86 expression in freshly isolated nasal epithelial cells (NEC) pre-season and in-season of patients with seasonal allergic rhinitis
(SAR) to Japanese cedar pollen. The proportion of HLA-DR- and CD86-positive NEC pre-season and in-season of the SAR patients was analysed
by immunohistochemistry, as described in the text. (a) The proportion of HLA-DR-positive NEC pre-season and in-season. (b) The proportion of
CD86-positive NEC pre-season and in-season. The percentage of NEC expressing HLA-DR and CD86 was increased in-season as compared with
pre-season. (n = 13).
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cell types that expressed HLA-DR and CD86 appeared to
be ciliated cells and basal cells.

Effects of IFN-g, TNF-a and IL-1b on HLA-DR and CD86
expression in cultured nasal epithelial cells

We examined the expression of HLA-DR, CD80 and CD86
in CNEC and its regulation by cytokines, using flow
cytometry. Epithelial cell purity in CNEC was confirmed
in previous experiments by cytokeratin staining. Gating
for live epithelial cells was performed (Fig. 3a) and dead
cells were excluded by propidium iodine (PI) staining.

CNEC expressed HLA-DR and CD86 (Fig. 3a) but not CD80
and negative controls with PE- and FITC-conjugated
isotype control showed no staining (Fig. 3a). When we
examined the effect of IFN-g, TNF-a and IL-1b on the
HLA-DR expression in CNEC, as shown in Figs 3b and c,
IFN-g up-regulated the expression of HLA-DR in CNEC in
a dose-dependent manner (Po 0.01). However, TNF-a
and IL-1b did not up-regulate the expression of HLA-DR
in CNEC (Figs 3b and c). We also studied the effect of
IFN-g, TNF-a and IL-1b on the CD86 expression in CNEC.
As shown in Figs 3b and d, TNF-a and IL-1b up-regulated
the expression of CD86 in CNEC in a dose-dependent

Fig. 2. HLA-DR and CD86 expression in freshly isolated nasal epithelial cells (NEC) of patients with seasonal allergic rhinitis to Japanese cedar pollen,
pre- and in-season. (a) Expression of HLA-DR in NEC, pre-season. (b) Expression of HLA-DR in NEC, in-season. (c) Negative control with isotype-
matched IgG2a. (d) Expression of CD86 in NEC, pre-season. (e) Expression of CD86 in NEC, in-season. (f) Negative control with Isotype-matched IgG1.
The intensity of staining of both HLA-DR and CD86 in NEC was greater in-season as compared with pre-season. Negative control showed no positive
staining.
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Fig. 3. Effect of IFN-g, TNF-a and IL-1b on HLA-DR and CD86 expression in cultured nasal epithelial cells (CNEC). Expression of HLA-DR and CD86 in
CNEC was analysed by flow cytometry as described in the text. Upper panel: forward and side scatter showing gating for epithelial cells. Lower panel:
Left: histogram of a representative sample of unstimulated CNEC from a patient with PAR showing the expression of HLA-DR the (grey line shows the
negative control, and the black line shows the HLA-DR stained one). Right: histogram of a representative sample of unstimulated CNEC from the same
patient with PAR showing the expression of CD86 (the grey line shows the negative control, and the black line shows the CD86-stained one). (b) Left:
histogram of a representative sample of CNEC from the same patient with PAR showing the effect of IFN-g and TNF-a on HLA-DR expression in CNEC.
HLA-DR expression in unstimulated CNEC (filled violet shaded); effect of IFN-g on HLA-DR expression in CNEC (pink line); effect of TNF-a on HLA-DR
expression in CNEC (green line). A shift to the right in the histogram can be seen after stimulation with IFN-g (but not TNF-a) as compared with
unstimulated CNEC. IFN-g but not TNF-a up-regulated the expression of HLA-DR. Right: histogram of a representative sample of CNEC from the same
patient with PAR showing the effect of IFN-g, TNF-a and IL-1b on the expression of CD86 in CNEC. CD86 expression in unstimulated CNEC, (filled violet
shaded); effect of IFN-g on CD86 expression in CNEC, (green line); effect of TNF-a on CD86 expression in CNEC (blue line) and effect of IL-1b on CD86
expression in CNEC (red line). A shift to the right in the histogram can be seen after stimulation with IL-1b and TNF-a (but not IFN-g) as compared with
unstimulated CNEC. IL-1b and TNF-a but not IFN-g up-regulated the expression of CD86. (c) Effect of IFN-g, TNF-a and IL-1b on HLA-DR expression in
CNEC. IFN-g but not IL-1b and TNF-a up-regulated the expression of HLA-DR in CNEC in a dose-dependent manner. Results are expressed as the
percentage positive CNEC expressing HLA-DR. An increase in the percentage positive CNEC expressing HLA-DR can be seen after treatment with IFN-g
but not TNF-a or IL-1b. (n = 6); ��Po 0.01. (d) Effect of IFN-g, TNF-a and IL-1b on CD86 expression in CNEC. TNF-a and IL-1b but not IFN-g up-
regulated the expression of CD86 in CNEC in a dose-dependent manner. Results are expressed as the percentage positive CNEC expressing CD86. An
increase in the percentage positive CNEC expressing CD86 can be seen after treatment with TNF-a and IL-1b but not with IFN-g. (n = 6); ��Po 0.01.

�c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 420–433

Antigen presentation by NEC 425



100

80 **
**

**

**

**
****

**

60

40

20

0
C 1

ng/mL
%

100

80

60

40

20

0

%

100

80

60

40

20

0

%

100

80

60

40

20

0

%

100

80

60

40

20

0

%

100

80

60

40

20

0

%

101 102 103

C 1
ng/mL

101 102

C 1
ng/mL
101 102 103

C 1
ng/mL

101 102 C 1
ng/mL

IL-1ββ

IL-1β

TNF-α

TNF-α

IFN-γ

IFN-γ

101 102

C 1
ng/mL

101 102

(c)

(d)

Fig. 3. Continued

�c 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 420–433

426 R. Takizawa et al



manner (Po 0.01). On the other hand, IFN-g did not have
any marked effect on the expression of CD86 in CNEC (Figs
3b and d). IL-4 and IL-13 did not have any effect on the
expression of HLA-DR or CD86 in CNEC (data not shown).

The increase in the percentage positive NEC expressing
CD86 and HLA-DR in-season of SAR patients, as com-
pared with off season and as analysed by immunohisto-
chemistry is in concert with the increased expression of
CD86 and HLA-DR in NEC of PAR patients at baseline
(unstimulated CNEC) and the increase in percentage

positive NEC expressing HLA-DR or CD86 in response to
relevant cytokines, as analysed by FACS.

Proliferative responses of autologous T cells to Der f II
pulsed CNEC and inhibitory effects of anti-CD80, CD86
and HLA-DR mAbs

We next investigated the ability of CNEC to induce the
proliferation of autologous T cells. Antigen-pulsed
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Fig. 4. Proliferation of autologous T cells to mite antigen (Der f II)/PHA-pulsed mitomycin-C-treated cultured nasal epithelial cells (CNEC). Purified T
cells (1�105/well) from perennial allergic rhinitis patients with house dust mite allergy were co-cultured for 72 h with mitomycin–C-treated CNEC in
the presence or absence of Der f II (10mg/mL) or phytohaemaglutinin (PHA) (0.1mg/mL) and the proliferation of T cells was analysed by (3H)-thymidine
uptake. (a) Der f II (1, 5, 10mg/mL) pulsed mitomycin-treated CNEC induced the proliferation of T cells in a dose-dependent manner, (n = 3). (b) PHA
(0.1mg/mL) pulsed mitomycin-treated CNEC induced the proliferation of autologous T cells, (n = 3). (c) Inhibition studies were performed using the
anti-HLA-DR monoclonal antibody (mAb) anti-CD80 mAb, and the anti-CD86 mAb or the relevant mouse IgG (as control) (5 mg/mL). Anti-CD86 and
anti-HLA-DR mAbs, but not anti-CD80 inhibited the epithelial cell-induced T cell proliferation. (n = 6); ��Po 0.01.
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(Der f II 1, 5, 10 mg/mL) mitomycin-treated CNEC induced
proliferation on T cells (purity 495%) in a dose-depen-
dent manner (Fig. 4a). We then looked at the ability of
PHA (0.1 mg/mL) pulsed mitomycin-treated CNEC to in-
duce the proliferation of autologous T cells (Fig. 4b).
Further, in order to determine the functional co-stimula-
tory molecules involved in the interaction of T cells and
CNEC, we examined the effect of mAbs against CD80,
CD86 and HLA-DR. The proliferative response of these

T cells co-cultured with antigen-pulsed CNEC was signifi-
cantly (Po 0.01) inhibited by anti-CD86 or anti-HLA-DR
mAbs, but not by the anti-CD80 mAb (Fig. 4c). These
results suggest that NEC may play a role in antigen
presentation through the expression of HLA-DR and
CD86.

Effect of DEP on HLA-DR and CD86 expression
in cultured NEC

We also examined the effect of DEP on the HLA-DR, CD80
and CD86 expression in CNEC, by flow cytometry. Treat-
ment with DEP (100 ng/mL) alone significantly (Po 0.01)
up-regulated the expression of HLA-DR but not CD86 in
CNEC in a dose-dependent manner (Figs 5a and b).
However, stimulation of CNEC with a combination of
DEP (100 ng/mL) and mite antigen (Derf II) significantly
up-regulated the expression of both HLA-DR (Figs 6a
and b) and CD86 in CNEC. CNEC did not express CD80 in
any experiment. Treatment with mite antigen alone did
not have a statistically significantly effect on the expres-
sion of HLA-DR or CD86 (data not shown) in CNEC. These
findings strongly suggest the possibility that DEP may
enhance the antigen presentation function of NEC.

Levels of GM-CSF, IL-6 and IL-8 in culture supernatants
of antigen-stimulated CNEC

The levels of GM-SCF in antigen-stimulated CNEC
(2.74� 0.71 ng/mL), were higher than that of unstimu-
lated control CNEC (1.83� 0.38 ng/mL). The level of
IL-8 in antigen-stimulated CNEC (97.4� 10.1 ng/mL),
was higher than that of unstimulated control CNEC IL-8
(66.1� 8.7 ng/mL). Similarly the level of IL-6 in antigen-
stimulated CNEC (7.44� 2.17 ng/mL) was higher than that
of unstimulated control CNEC (5.96� 1.78 ng/mL). Addi-
tion of DEP to mite antigen to stimulate CNEC did not
further up-regulate the antigen-induced cytokine produc-
tion (data not shown).

Discussion

Airway epithelial cells have been considered to play a
simple role as a mucosal barrier while being involved in
the secretion of mucous or the removal of foreign agents
by their cilia [1]. However, over the recent years, several
studies suggest that airway epithelial cells can also act as
immune effector cells in response to endogenous or
exogenous stimuli and play a key role in the immunologic
interaction between the airway and the external environ-
ment, being the primary interface for antigenic materials
in immune and inflammatory responses.

Epithelial cells are known to play an important role
in allergic inflammation by the increased expression of
adhesion molecules like ICAM-1 and VCAM-1 [10, 11] and
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Fig. 5. Effect of diesel exhaust particles (DEP) on HLA-DR and CD86
expression in cultured nasal epithelial cells (CNEC) from perennial
allergic rhinitis patients. The effect of DEP on HLA-DR and CD86
expression on CNEC was analysed by flow cytometry after treatment of
CNEC with DEP (5 ng �1mg/mL) for 5 days, as described in the text.
Results are expressed as the percentage positive CNEC expressing HLA-
DR. (a) Effect of DEP on HLA-DR expression in CNEC. An increase in the
percentage positive CNEC expressing HLA-DR can be seen after treat-
ment with DEP, in a dose-dependent manner. Treatment with DEP alone
significantly up-regulated the expression of HLA-DR in CNEC in a dose-
dependant manner.n = 6; ��Po 0.01. (b) Effect of DEP on HLA-DR and
CD86 expression in CNEC. An increase in the percentage-positive CNEC
for HLA-DR but not CD86 can be seen after treatment with DEP.
Treatment with DEP alone 100 ng/mL up-regulated HLA-DR expression
in CNEC but not the expression of CD86. (n = 7); ��Po 0.01.
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the increased production of inflammatory mediators like
IL-6, IL-8, GM-CSF and TNF-a [8, 9]. However, epithelial
cells may also play other important roles via direct cell-
to-cell interaction. In this study, we noticed the expression
of HLA-DR on NEC in patients with AR. HLA-DR is known
to play a significant role in antigen presentation to T cells
[16], and CD80 and CD86 are essential to this function as
co-stimulatory molecules. Signals transduced through the
T cell receptor after antigen recognition are not sufficient
for full T cell activation. Recent studies have demonstrated
that at least two signals provided by APC are required to
induce effective T cell activation [27]. The first signal is
antigen specific and occurs after T cell receptor recogni-
tion of the MHC-antigen complex. The second signal,
often termed the co-stimulatory signal is produced
through a set of receptor and co-receptor interactions
between APC and T cells. More specifically, the interaction
of CD80 or CD86 on APC with CD28 on T cells is required
for full T cell activation and effector function [28, 29]. The

importance of these interactions is reflected in the
observations that T cell receptor recognition of the
MHC–antigen complex in the absence of co-stimulatory
signals can lead to the induction of anergy [18, 27]. Recent
studies have suggested that structural cells, such as
keratinocytes [30], gastric epithelial cells [31] and colonic
epithelial cells, also expressed CD80 and CD86 [32] and
could provide co-stimulatory signals through these mole-
cules. Ye et al. [31] demonstrated that the human gastric
epithelial cell line and freshly isolated epithelial cells from
gastric biopsies expressed CD80 and CD86, and T cell
proliferation by gastric epithelial cell was significantly
inhibited by anti-CD86 mAb. Nakazawa et al. [32] demon-
strated that freshly isolated colonic epithelial cells from
patients with ulcerative colitis efficiently co-stimulated
the proliferation of CD41 T cells, and this response was
significantly inhibited by anti-CD86 mAb. In the present
study, we demonstrated an increased expression of
HLA-DR and CD86 in freshly isolated nasal scrapings
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Fig. 6. Effect of diesel exhaust particles (DEP) and mite antigen on HLA-DR and CD86 expression in cultured nasal epithelial cells (CNEC) from perennial
allergic rhinitis (PAR) patients. The effect of DEP and mite antigen on HLA-DR and CD86 expression on nasal epithelial cells was analysed by flow
cytometry after treatment of CNEC with DEP plus purified mite antigen (Der f II) for 5 days, as described in the text. (a) Histogram of a representative
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II) mite antigen (violet full shaded: unstimulated CNEC; green line: after stimulation with DEP plus mite antigen). A shift to the right can be seen after
treatment with DEP plus (Derf II) mite antigen as compare with unstimulated CNEC. (b) Results are expressed as the percentage-positive cells expressing
HLA-DR or CD86. An increase in the percentage positive CNEC expressing HLA-DR and CD86 can be seen after treatment with DEP plus (Derf II) mite
antigen. (n = 7); ��Po 0.01.
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of patients with SAR to JCP in-season as compared with
that off-season. We also demonstrated an increased
expression of HLA-DR and CD86 in NEC of patients with
PAR to HDM. The increase in percentage positive NEC
expressing CD86 and HLA-DR that is increased in-season
in SAR patients, as analysed by immunohistochemistry, is
comparable with the increase in percentage-positive
NEC expressing HLA-DR or CD86 of PAR patients in
response to relevant cytokines or DEP plus antigen as
analysed by FACS. Furthermore, we also demonstrated
that NEC can function as APC through the expression of
HLA-DR and CD86. CD80 expression was not detected in
NEC by immunohistochemical staining, and anti-CD80
mAb could not inhibit the epithelial cell-induced T cell
proliferation. These findings suggest that CD86 is more
important as compared with CD80 in regulating antigen
presentation by NEC in patients with AR.

Antigen presentation to T cells is an important intital
step in the pathophysiology of allergic diseases like AR
and atopic asthma. In a previous study using immunohis-
tochemical analysis, dendritic cells (professional APC)
were reported in the nasal epithelial layer, but numerically
these cells are very few in number [33, 34]. Antigen-
presenting function by NEC could be important because of
their predominance in number in the nasal epithelial
layer. Godthelp et al. [34] reported that the number of
HLA-DR-positive NECs did not increase after 2 weeks of
antigen provocation out of season in SAR (grass pollen)
patients. However, in the present study, HLA-DR was up-
regulated in-season in NEC as the nasal epithelial scrap-
ings were obtained from patients under natural exposure
to allergen and during the peak season in a heavy pollen
JCP season. These observations suggest that sufficient
natural exposure to allergen is more important to induce
a significant up-regulation of HLA-DR in NEC to of SAR
patients.

There is increasing evidence that AR or asthma, chronic
airway inflammatory diseases characterized by reversible
airway obstruction, hyper-reactivity and lymphocyte/
eosinophil recruitment are driven and maintained by
chronically activated T cells with a T-helper 2 (Th2)
phenotype. These T cells promote the activation and
recruitment of B cells and regulate the Ig class switch to
the development of antigen-specific IgE responses
[35–38]. We previously reported that a majority of the
CD41 T cells in the nasal mucosa of allergic rhinitics co-
expressed the CD45RO surface molecule, and a predomi-
nant proportion of CD41 T cells in the nasal epithelium
were CD45RO1 (memory T cells) [39]. These T cells can be
activated more easily as compare with the naı̈ve T cells.
Epithelial cells are in direct contact with the inhalant
allergens and based on the presence of the memory T cells
in the epithelial layer and the capacity of epithelial cells to
induce antigen-specific proliferation of T cells, epithelial
cells may play more important roles in on-going allergic

inflammation. While we have shown that mast cell–
epithelial cell interaction contributes to enhancing aller-
gic inflammation [40], airway epithelial cell-induced
T cell activation may significantly contribute to the
development of chronic airway inflammatory diseases
such as AR or asthma. Furthermore, in separate studies,
we have shown that NEC express the a and g chains of
the high-affinity IgE receptor (FceRI), further emphasizing
their potential role in the recognition of IgE-complexed
allergens. Moreover, we have also shown that IL-4 can up-
regulate the expression of the FceRI a chain in NEC,
suggesting an up-regulation of antigen-presenting func-
tion in an enhanced Th2 microenvironment as in the case
of allergic inflammation [41].

In this study, we demonstrated the increased expression
of HLA-DR and CD86 observed in-season in patients with
JCP, and enhanced expression of these molecules on CNEC
stimulated by inflammatory cytokines like IFN-g, IL-1b
and TNF-a. Bachert et al. [42] previously reported the
increased levels of IL-1b and TNF-a in nasal secretions
from patients with AR. This finding suggests the possibi-
lity that the increased levels of pro-inflammatory cyto-
kines like IL-1b and TNF-a in-season in patients with JCP
may contribute towards the up-regulation of the CD86
expression in NEC. In contrast, a lower level of IFN-g
mRNA was observed in the nasal mucosa of patients with
PAR [43] and in the nasal mucosa of patients with SAR
after the allergen provocation test [44]. We demonstrated
modest levels of IFN-g in the nasal mucosa of PAR
patients even though the levels were lower than in those
with chronic infective rhinitis [45]. Linden et al. [46]
demonstrated high levels of IFN-g in nasal lavage fluid
from subjects with acute infectious rhinitis caused by
coronavirus inoculation, in contrast, and lower levels of
IFN-g in subjects with AR after allergen challenge. These
findings suggest the possibility that respiratory viral
infections can up-regulate the APC function of NEC
through the enhanced expression of HLA-DR induced by
IFN-g and this may in part explain the aggravation of
allergic symptoms upon viral infection.

Epidemiological studies have shown a significant asso-
ciation between exposure to various pollutants and in-
crease in allergic diseases. DEP has been demonstrated to
have an adjuvant activity for IgE synthesis in vivo [26, 47].
Diaz-Sanchez et al. showed that transnasal challenges of
the DEP-derived extract in humans enhanced local IgE
and cytokine production [25, 48, 49], and combined DEP
and ragweed allergen challenge enhanced local ragweed-
specific IgE [50]. We demonstrated that DEP up-regulated
the expression of HLA-DR in CNEC and this up-regulation
was enhanced by a combined stimulation of DEP and mite
antigen (Der f II). Although DEP alone did not up-regulate
the expression of CD86, the combined stimulation of DEP
and Der f II significantly up-regulated the expression of
CD86 in CNEC. In vitro studies have shown that mite
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allergens induce the production of proinflammatory cyto-
kines from airway epithelial cells through the activation
of protease-activated receptor (PAR)-2 [51]. On the
other hand, DEP can enhance the cytokine secretion from
airway epithelial cells [23] and can up-regulate the
expression of adhesion molecules like ICAM-1 on
bronchial epithelial cells [52], and this process is depen-
dent on p38 mitogen-activated protein kinase (MAPK)
and nuclear factor-kB (NF-kB) activation pathways
[52, 53]. In the present study, mite antigen up-regulated
the production of IL-6, IL-8 and GM-CSF from NEC
but this was not further up-regulated with addition of
DEP. Although the precise mechanism by which it
up-regulates the expression of HLA-DR or CD86 is not
yet known, similar mechanisms may probably regulate
the expression of these molecules. One of the possible
mechanisms may be via the arylhydrocarbon receptor
(AhR) in cytosol [54]. More recently, using TLR-4 point
mutant mice, Inoue et al. [55] demonstrated that DEP
exposure significantly induced the lung expression of
IL-1b, keratinocyte chemoattractant (KC) and macrophage
inflammatory protein (MIP)-1a when compared with
vehicle challenge. In the presence of DEP, the levels of
IL-1b, KC and fibrinogen were up-regulated. These
researchers suggest that TLR-4 is one of the recognition
receptors against DEP in the airways. In fact, NEC express
TLR-4 and its expression is up-regulated in patients with
PAR (unpublished observations). Furthermore, recently,
DEP has been shown to induce antigen-independent
dendritic cell maturation (phenotypic or functional) via
epithelial cell–dendritic cell interactions mediated by
epithelial cell derived GM-CSF [56]. On the other hand,
DEP can enhance peripheral blood T cell activation
directly in severe asthmatics [57]. However, the precise
immunological mechanisms by which DEP enhance
allergic sensitization and inflammation are not yet well
defined.

Taken together, we demonstrated for the first time that
NEC from patients with AR can amplify the allergic
reaction and contribute to on-going allergic inflammation
via its capacity to act as APC through the increased
expression of HLA-DR and CD86. Furthermore, these
molecules are up-regulated by pro-inflammatory cyto-
kines like IFN-g, TNF-a, IL-1b as well as allergen and DEP.
These findings also demonstrate a novel role for DEP in
enhancing allergic inflammation through the up-regula-
tion of co-stimulatory molecules that regulate antigen
presentation in NEC and thus modulation of the airway
epithelial cell function.
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