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Functional plasticity of human respiratory
tract dendritic cells: GM-CSF enhances
TH2 development
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Background: Dendritic cells within the human respiratory

mucosa (RTDCs) are proposed to initiate immune responses to

foreign antigens. Their capacity to polarize T-cell responses,

however, has not been investigated.

Objective: To compare RTDCs with peripheral blood dendritic

cells (PBDCs) with regard to phenotype, cytokine production,

capacity to polarize T-cell responses, and effects of exposure

to the pleiotropic cytokine, GM-CSF.

Methods: CD1a1 RTDCs and CD1c1 PBDCs were purified

from nasal turbinates of patients with nonatopic rhinitis and

peripheral blood of healthy individuals, respectively. In some

experiments, matched CD1c1 RTDCs and PBDCs from

patients with rhinitis were compared. The phenotype of DC was

examined by flow cytometry and cytokine production by

cytometric bead array. DCs were cocultured with allogeneic

naive CD41 T cells, and cytokine production was determined

by immunophenotyping, cytometric bead array, and ELISA.

Results: Both RTDCs and PBDCs exhibited an immature

phenotype, but RTDCs expressed lower levels of MHC class II

antigen. Cross-linking of CD40 on PBDCs, but not RTDCs,

induced production of IL-12p70. In mixed lymphocyte cultures,

RTDCs induced a TH1/TH2 profile, whereas PBDCs induced

a TH1 profile. Exposure of RTDCs to GM-CSF induced

a TH2 pattern of response in the mixed lymphocyte cultures.

In contrast, exposure of PBDCs to GM-CSF promoted

a TH1 response.

Conclusion: This report emphasizes the importance of studying

tissue-derived primary DCs, demonstrates functional plasticity

of RTDCs, and implicates GM-CSF in amplifying the potential
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of RTDCs to initiate TH2 responses in the airways. (J Allergy

Clin Immunol 2005;116:1136-43.)
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Immune responses are under strict control in the respi-
ratory tract of normal healthy individuals to maintain the
integrity of the airway epithelium.1 Disturbance of this
homeostasis within the respiratory tract is a primary cause
of inflammatory disorders such as rhinitis and asthma.
Dendritic cells (DCs), the most potent antigen-presenting
cell population, are uniquely capable of initiating a
primary immune response.2,3 Furthermore, depletion of
DCs has been shown to abrogate airway inflammation in
sensitized mice responding to local challenge.4 However,
the potential of DCs within the human airways to initiate
and sustain inflammation remains unclear.

Current evidence indicates that DCs are highly heter-
ogeneous, but 2 major populations of human DCs—
myeloid-like, which include Langerhans cells and inter-
stitial DC, and plasmacytoid-like, which are mainly
located in the blood and secondary lymphoid organs—
have been identified.5 Peripheral blood–derived myeloid
and plasmacytoid DCs were originally reported to induce
TH1 and TH2 responses,6 respectively. However, it has
become increasingly evident that DCs, rather than being
inherently committed to differentiation of CD41 T cells
into TH1 and TH2 cells, retain flexibility in their
responses.3,4,7

Studies over the past decade have identified myeloid
DCs in the human respiratory mucosa.8-11 CD1a was orig-
inally classified as a Langerhans cell marker in the epi-
dermis but has been widely used to identify DCs in the
respiratory tract.9,12-14 More recently, the major DC
population within the nasal mucosa of normal, healthy
individuals has been identified as bearing the myeloid
DC marker, CD1c.11 In contrast, few plasmacytoid
DCs have been detected in the normal respiratory tract,
although nasal allergen challenge induced recruitment of
plasmacytoid DCs to the respiratory mucosa of sensitized
individuals.15

The tissue environment, in particular the level of the
TH1-promoting cytokine, IL-12, is an important determi-
nant of the pattern of T-cell responses.3,16 The pleiotropic
cytokine, GM-CSF, has been demonstrated to abrogate

mailto:alex.faith@kcl.ac.uk


J ALLERGY CLIN IMMUNOL

VOLUME 116, NUMBER 5

Faith et al 1137

B
a
si
c
a
n
d
cl
in
ic
a
li
m
m
u
n
o
lo
g
y

Abbreviations used
DC: Dendritic cell

MLR: Mixed lymphocyte reaction

PBDC: Peripheral blood dendritic cell

RTDC: Respiratory tract dendritic cell

TLR4: Toll-like receptor 4

UK: United Kingdom

production of IL-12 by murine Langerhans cells17 and to
be significantly elevated in the airways of atopic individ-
uals with asthma compared with nonatopic individuals.18

Furthermore, animal experiments have shown GM-CSF
to facilitate TH2 responses.

16,19,20 However, it is not clear
whether GM-CSF can promote TH2 responses by direct
effects on human DCs.

The limited published studies of purified human respi-
ratory tract DCs (RTDCs) have relied on investigations of
bronchoalveolar lavage–derived DCs, which are present
in low frequency,9 or lung tissue from carcinoma patients
containing a high proportion of DCs from areas distal
to the conducting airways.10 We have taken advantage
of a new surgical technique designed to alleviate rhinitis,
degloving of the inferior nasal turbinate,21 to isolate and
purify sufficient numbers of RTDCs from the conducting
airways to perform functional studies. We have compared
the ability of RTDCs with that of peripheral blood–
derived myeloid DCs to stimulate cytokine production
by naive CD41 T cells and addressed the hypothesis
that RTDCs induce differentiation of TH2 cells and that
this process is enhanced by GM-CSF.

METHODS

Patients

Nasal tissue was obtained from 10 nonatopic patients (defined

by negative skin prick test results for a range of 10 common

aeroallergens) with chronic rhinitis undergoing inferior turbinectomy

by the degloving technique. Patients age 18 to 65 were nonsmokers,

had not received topical corticosteroids for at least 2 weeks before

surgery, and had no other concurrent serious illness. Peripheral blood

was obtained from nonatopic, age-matched and sex-matched healthy

subjects. In further experiments, nasal tissue and blood were obtained

concurrently from 2 patients with nonatopic rhinitis. The study was

approved by Guy’s Hospital Ethics Committee. All patients gave

written informed consent before inclusion in the study.

mAbs

A panel of mAb to leukocyte surface markers conjugated to

phycoerythrin or fluorescein isothiocyanate was obtained from BD

Biosciences (Oxford, United Kingdom [UK]): CD1a, CD3, CD14,

CD16, CD19, CD40, CD80, CD83, CD86, CD116, CD123, HLA-

DR, and CCR6. mAb to Toll-like receptor 4 (TLR4) was obtained

from SeroTec (Oxford, UK), and to CCR7 from R & D Systems

(Abingdon, UK). Unconjugated anti-CD1c mAb was a generous gift

of Dr S. Porcelli (Albert Einstein College of Medicine, Bronx, NY).

Isolation and purification of DCs

Tissue fragments were rinsed with saline to remove residual

blood. Tissue was dissected, teased apart, and digested in HBSS with
endotoxin-free collagenase (2 mg/mL, Liberase C1; Roche

Diagnostics, Lewes, UK) for 1 hour at 37�C. The digest was then

centrifuged at 200g and cultured for 4 hours in RPMI1640 containing

10% FCS, 2 mmol/L L-glutamine and gentamycin (250mg/mL), des-

ignated complete medium. The digested fragments were filtered

through a 100-mmcell strainer (BDBiosciences) and a single cell sus-

pension obtained. Cells were then positively selected on the basis of

CD1a or CD1c expression on a magnetic column (according to the

manufacturer’s instructions; Miltenyi Biotec, Bisley, UK). The re-

sulting DC population was 85% to 92%CD1a1 or CD1c1 containing

<5%CD31 cells and<3%CD141 and CD191 cells. For purification

of DCs from peripheral blood, PBMCs were isolated by density gra-

dient centrifugation (Lymphoprep; Axis-Shield, Oslo, Norway) and

enzymatically digested as described to ensure similar treatment

for tissue and blood-derived DCs. Peripheral blood DCs (PBDCs)

were positively selected by using antibody-coated CD1c beads

(Miltenyi Biotec). The resulting population was 90% to 95% HLA-

DR1CD11c1 containing <4% CD141 cells and <2% CD201 and

CD31 cells.

Fluorescence-activated cell sorting analysis
of purified DC populations

Samples were analyzed by using 2-color staining with conjugated

mAbs. Isotype controls included the appropriate fluorochrome

conjugated or unconjugated mouse IgG1 or IgG2a (Sigma, Poole,

UK) and were concentration matched for each antibody used.

Unconjugated anti-CD1c antibody was stained with a F(ab#)2 goat
antimouse IgG-phycoerythrin secondary reagent (R & D Systems).

The cells were washed, fixed, and then analyzed by flow cytometry

using FACScan and CellQuest software (BD Biosciences). For anal-

ysis of specific epitope expression by DCs, cells were gated for large

forward scatter cells and 5 to 10,000 events collected. All steps were

performed at 4�C to prevent receptor internalization.

Cytokine production by purified DCs

Respiratory tract dendritic cells and PBDCs were seeded at

5 3 104/well (96-well flat bottom) in complete medium (100 mL).

DCs were stimulated with soluble, trimeric recombinant CD40L

(1 mg/mL; Alexis, Nottingham, UK). Time course experiments dem-

onstrated optimal production of cytokines after 48 hours (data not

shown).

Cytometric bead array and IL-13 ELISA

The cytokine groups, IL-6, IL-8, IL-10, IL-12, TNF-a or IL-2,

IL-4, IL-5, IL-10, and IFN-g were measured simultaneously by

cytometric bead array using the Human Inflammation Kit or TH1/TH2

kit, respectively (according to the manufacturer’s instructions; BD

Biosciences). The lower detection limit of the assay for each cytokine

was 5 pg/mL. The IL-13 ELISA was performed by using a matched

antibody pair (BD Biosciences), and the lower limit of detection was

100 pg/mL.

Coculture of RTDCs and PBDCs with
CD41CD45RA1 T cells

Peripheral blood was obtained from healthy, nonatopic individ-

uals. CD41 cells were purified from PBMCs by positive selection

(Detachabead; Dynal, Oslo, Norway), and then CD45RA1 cells

were obtained by negative selection using a CD45RO1 mAb

(Pharmingen) and pan mouse immunoglobulin magnetic beads

(Dynal). The resulting cell population was >98% CD41CD45RA1.

Purified DCs (1 3 106/mL), precultured in medium alone or for 16

hours with GM-CSF (50 ng/mL), were washed twice and cocultured

at a DC:T ratio of 1:10 with allogeneic CD41CD45RA1 T cells (13

105; round bottom 96-well plate) or 1 3 106 (24-well plates) and
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FIG 1. Surface phenotype of purified RTDCs (A) and PBDCs (B) as determined by flow cytometry. Thin lines

represent staining with isotype-matched control antibody. Numbers represent mean fluorescence intensity.

Morphology of RTDCs by hematoxylin and eosin staining is shown. One experiment representative of

3 is shown. SSC, Side scatter; FSC, forward scatter.
supernatants obtained after 6 days. T cells were then harvested and

restimulated for 48 hours with previously optimized concentrations

of mAb to anti-CD3 (1 mg/mL; OKT3, purified in-house) and mAb

to anti-CD28 (2 mg/mL; CLB-CD28; Netherlands Red Cross,

Amsterdam, The Netherlands).

Intracellular cytokine production

All reagents for intracellular staining were obtained from BD

Biosciences. Phorbol 12-myristate 13-acetate (10 ng/mL; Sigma)

and ionomycin (250 ng/mL; Calbiochem, Beeston, UK) were added

to cultures for the final 4 hours and monensin for the final 2 hours

to allow accumulation of cytokines within the cell. Cytofix/

Cytoperm Plus (BD Biosciences) was then added and the cells

permeabilized and double-stained with specific mAb to IL-13 con-

jugated to phycoerythrin and IFN-g conjugated to fluorescein

isothiocyanate. Appropriate fluorochrome conjugated isotype con-

trols were included. Live T cells were gated on the basis of forward

scatter characteristics and nonincorporation of the dye, 7-amino

actinomycin D.
Statistics

The 2-tailed t test was used to compare cytokine production

between groups.

RESULTS

Phenotype of myeloid DCs from the
respiratory tract and peripheral blood

Nasal turbinates from 10 nonatopic patients with
chronic rhinitis were enzymically digested and the com-
position of released cells determined. The myeloid DC
marker, CD1a, was borne by 14 (612)% (mean6 [1 SD])
of released cells. In contrast, only 3 (62) % of cells
expressed CD123, a marker of plasmacytoid DCs. Be-
cause CD1a1 DCs represented a significant proportion of
cells released from turbinates and may possess critical
functions in the airways,14 RTDCs were purified on the
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FIG 2. Cytokine production by RTDCs and PBDCs (5 3 104/well) stimulated with soluble, trimeric CD40L.

Supernatants were harvested after 48 hours and each cytokine determined. The results are shown as the

means 1 1 SDs of cytokine concentrations (n 5 5). Background production of each cytokine was subtracted

from the experimental value. *Significantly increased cytokine production (P < .05).

TABLE I. Cytokine production in the primary MLR

n 5 5 IL-2 IL-4 IL-5 IL-10 IL-13 IFN-g

RTDC (unstimulated) 72 (15)* ND 82 (28) 20 (11) 147 (77) 83 (34)

PBDC (unstimulated) 135 (32) ND 65 (45) 25 (8) 106 (45) 411 (94)�
RTDC (GM-CSF) 65 (22) ND 124 (64) 35 (19) 184 (82) 65 (37)

PBDC (GM-CSF) 145 (46) ND 79 (20) 40 (22) 120 (43) 345 (122)�

ND, Not detectable.

*Mean concentration, pg/mL (1 SD).

�Significant difference (RTDC vs PBDC; P < .01).
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basis of CD1a expression and their phenotype and mor-
phology investigated. To investigate distinct features of
RTDCs, the cells were compared with myeloid DCs
purified from peripheral blood of healthy individuals by
a standard method using anti-CD1c coated magnetic
beads, because CD1a is not expressed by PBDCs.22

Respiratory tract DCs lacked expression of markers of
T, B, and natural killer cells and monocytes/macrophages
(data not shown). RTDCs possessed an irregular outline
and oval nucleus with many cells characterized by numer-
ous fine dendrites (Fig 1, A). RTDCs expressed low levels
of the MHC class II molecule, HLA-DR (Fig 1, A).
Approximately 50% of RTDCs expressed CD116 (granu-
locyte-monocyte colony stimulating factor receptor [GM-
CSFR]) and the myeloid DC marker, CD11c. RTDCs
lacked expression of the maturation marker, CCR7, but
the majority of cells bore the mucosal DC marker,
CCR6. RTDCs strongly expressed the Toll-like receptor
4, TLR4, a pathogen pattern receptor binding to LPS, and
also coexpressed CD1a and CD1c, confirming a previous
report.11 PBDCs expressed 30-fold higher levels of
HLA-DR compared with RTDCs (Fig 1, B). CD11c and
CD116 were also more strongly expressed on PBDCs.
In contrast, PBDCs did not express CD1a, CCR6, or
CCR7 and expressed less TLR4 compared with RTDCs.
The costimulatory molecules CD80, CD86, and CD40
were expressed weakly by RTDCs. In contrast, PBDCs
expressed high levels of CD86, but CD40 and CD80
were barely detectable. Exposure of RTDCs to GM-CSF
resulted in 3-fold and 4-fold increases of CD80 and
CD86 expression, respectively (data not shown). RTDCs,
therefore, exhibited features of immature DCs but
were clearly distinct from PBDCs in terms of receptor
expression.

Cytokine production by RTDCs and PBDCs

Production of proinflammatory cytokines by RTDCs
and PBDCs in response to CD40L, a surrogate for T-cell
interaction,7 was determined. RTDCs did not secrete
IL-12p70, the bioactive form of IL-12 (Fig 2). This con-
trasted with PBDCs, which responded to CD40L stimula-
tionwith production of IL-12p70 even though consistently
low levels of expression of CD40 were observed. Both
RTDCs and PBDCs upregulated TNF-a, IL-6, and IL-8,
but to a significantly greater degree in PBDCs compared
with RTDCs (P < .05). Production of the anti-inflamma-
tory cytokine, IL-10, by RTDCs and PBDCs was detected
and also significantly elevated in PBDCs compared with
RTDCs (P < .05).

RTDCs and PBDCs induce distinct cytokine
patterns in naive CD41 T cells

The capacity of RTDCs and PBDCs to induce differ-
entiation of naive T cells was investigated in the mixed
lymphocyte reaction (MLR). To determine optimal ratios
of RTDCs or PBDCs and T cells, allogeneic, naive CD41

T cells (1 3 105) were cultured with graded numbers
(5 3 102 to 2 3 104) of DCs, and IL-2 production was
measured after 6 days. An optimal T:RTDC/PBDC ratio
of 10:1 was determined (data not shown) and then used
in all experiments. RTDCs induced low levels of both
TH1 and TH2 cytokines (Table I), whereas PBDCs induced
significantly higher levels of IFN-g than RTDCs. TH1 and
TH2 cytokine production were then determined after
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FIG 3. Effect of RTDCs and PBDCs on cytokine production by T cells. RTDCs or PBDCswere cultured with naive,

allogeneic CD41 T cells for 6 days, and T cells were then restimulated with mAbs to CD3/CD28. A, Numbers in

each quadrant show the percentage of T cells immunophenotyped for IL-13 or IFN-g. B, Cumulative data are

expressed as means 1 1 SDs cytokine concentrations (n 5 5). *P < .01, RTDC vs PBDC.
secondary stimulation by anti-CD3 and anti-CD28 of T
cells harvested from the primary MLR. RTDCs induced
a mixed TH1 and TH2 pattern of response detected by im-
munophenotyping of intracellular IL-13 and IFN-g after
stimulation with phorbol 12-myristate 13-acetate/iono-
mycin (Fig 3, A). This was confirmed by measurement of
soluble cytokines secreted by T cells after anti-CD3/28
stimulation (Fig 3, B). High levels of IL-13 and IFN-g,
moderate amounts of IL-5, and low concentrations of
IL-4 were detected. In contrast, PBDCs induced a TH1
pattern in responding T cells. Production of IL-4, IL-5,
and IL-13 induced by RTDCs was significantly elevated
(P < .01) compared with PBDCs. Production of IL-10
(180-480 ng/mL) was comparably induced by tissue and
blood DCs.

GM-CSF promotes TH2 development
by RTDCs

The effect of GM-CSF on polarization of T-cell re-
sponses was investigated. Previous exposure of RTDCs
to GM-CSF did not affect TH2 cytokine production in the
primary MLR (Table I), but GM-CSF-treated PBDCs
induced significantly greater IFN-g production compared
with similarly treated RTDC. After secondary stimulation,
strong T-cell production of IL-13 and moderate levels of
IL-5 and IFN-gwere induced (Fig 3, A and B). In contrast,
previous exposure of PBDCs to GM-CSF induced strong
TH1 responses. GM-CSF–pretreated RTDCs, compared
with PBDCs, induced significantly more IL-4, IL-5, and
IL-13 (P < .01) but less IFN-g production (P < .05) in
naive T cells after secondary stimulation. The effect of
exposure of RTDCs and PBDCs to the prototype TH1-
inducing stimulus, LPS/IFN-g, was also investigated.
Exposure of both RTDCs and PBDCs to LPS/IFN-g
enhanced the TH1 response (data not shown). Thus, the
pattern of TH2 cytokine production induced by RTDCs
in naive T cells was distinct from that induced by
PBDCs and could be enhanced by GM-CSF.

Phenotype of matched CD1c1 RTDCs
and PBDCs

It was possible that the effects of RTDCs and PBDCs
were attributable to the selection of distinct populations of
cells from different individuals rather than their location.
CD1c1RTDCs and PBDCs were, therefore, purified from
matched turbinate and peripheral blood of patients with
rhinitis. The myeloid DC marker, CD1c, was borne by
6% to 8% of RTDCs released from nasal turbinates.
RTDCs expressed low levels of costimulatory molecules
CD80 and CD86 (Fig 4, A). Forty-five percent of
CD1c1 RTDCs expressed CD1a. In contrast, PBDCs
expressed high levels of CD86 but lacked expression of
CD80 and CD1a. RTDCs expressed 10-fold lower levels
of HLA-DR compared with PBDCs. Moreover, RTDCs,
in contrast with PBDCs, failed to secrete IL-12 in response
to CD40 ligation (data not shown). Thus, CD1c1 and
CD1a1 RTDCs expressed a similar phenotype.
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FIG 4. Surface phenotype of and cytokine production induced by matched CD1c1 RTDCs and PBDCs. A, Thin

lines represent staining with isotype-matched control antibody. Numbers represent mean fluorescence

intensity. B, RTDCs and PBDCs from 2 patients with rhinitis were untreated or pretreated with GM-CSF and

cocultured with T cells as in Fig 3. Data represent cytokine production by T cells.
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Distinct patterns of cytokine production
induced by matched CD1c1 RTDCs and
PBDCs in naive CD41 T cells

T-cell cytokine production in the MLR was deter-
mined in response to matched RTDCs and PBDCs from
2 patients with rhinitis (Fig 4, B). Untreated RTDCs
induced a mixed TH1 and TH2 cytokine profile in the
MLR, although IFN-g production induced by RTDCs
from patient 2 was low (2442 pg/mL). RTDCs induced
strong levels of production of IL-13. Thus, the pattern
of cytokine production induced by RTDCs isolated on
the basis of either CD1a or CD1c expression was similar.
Exposure of RTDCs from both patients to GM-CSF
ablated production of IFN-g. GM-CSF–treated RTDCs
from patient 1 enhanced TH2 cytokine production, but
there was little effect of GM-CSF–treated RTDCs from
patient 2 on TH2 cytokine production. In contrast,
PBDCs induced a strong production of IFN-g both
before and after exposure to GM-CSF. Exposure of
PBDCs from these patients to GM-CSF had little effect
on TH2 cytokine production.
DISCUSSION

The current study is one of few addressing the
phenotype and functional properties of DCs isolated

directly from the human respiratory tract. Our results

highlight important differences between RTDCs and

PBDCs in terms of their surface phenotype, cytokine

expression, functional plasticity, and ability to polarize

responses of naive T cells. Although previous studies

have reported that RTDCs induced strong proliferative

responses in allogeneic, unfractionated T cells,10,12 none

has addressed the issue of T-cell differentiation. Our data

suggest that RTDCs from individuals susceptible to airway

inflammation have the capacity to provide the sustained

activation required for differentiation of effector T cells.

Murine models of sensitization in the airways support

this contention. In such models, RTDCs throughout

the conducting airways are rapidly susceptible to sig-

nals enhancing their competence to form complexes

with and subsequently activate antigen-specific T

cells.23-25
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Functional studies demonstrated that RTDCs isolated
on the basis of either CD1c or CD1a expression induced a
mixed TH1/TH2 pattern of cytokine production in naive
CD41 T cells, whereas PBDCs from patients and healthy
individuals induced a much more strongly TH1 pattern of
response. The results obtained by using DCs from the
same individuals indicated that differences in response in-
duced by RTDCs and PBDCs reflected the origin of the
DCs rather than the disease state of the patients. We sug-
gest that there are 3 possible mechanisms contributing to
these results. First, RTDCs expressed relatively low den-
sities of MHC class II compared with PBDCs. This may
allow low affinity interactions between RTDCs and
T cells, which have been shown to favor TH2 differentia-
tion.3,26 Second, RTDCs did not express measurable
amounts of IL-12, central to initiation of a dominant
TH1 response, after CD40 ligation. The reported stringent
control of IL-12 production by Langerhans cells27 as well
as RTDCs may reflect the necessity to constrain TH1-
mediated inflammatory reactions at mucosal sites. Third,
RTDCs, in contrast with PBDCs, expressed CD80 directly
ex vivo. We have observed that both CD80 and CD86 cos-
timulation is essential for IL-5 but not IFN-g production
in primary allogeneic T-cell responses (data not shown).
Human gut-derived mucosal DCs have also been shown
recently to induce TH2 responses.

28 The capacity to induce
TH2 responses may, therefore, be an inherent feature
of human mucosal, as distinct from peripheral blood,
immunity.

Myeloid RTDC populations purified on the basis of
CD1c or CD1a expression induced differentiation of TH2
cells. Peripheral tissue DCs are believed to derive from
circulating monocyte-like precursors.29 CD1a/CD1c1

RTDCs are confined to the airway epithelium, whereas
CD1c1 RTDCs are located in both the epithelium and
lamina propria.11 Environmental stimuli encountered by
a subset of CD1c1 RTDCs on migration to or location
in the epithelium may induce upregulation of CD1a.30

Both CD1a/CD1c1 and CD1c1 RTDCs, however, ex-
pressed low levels of MHC class II and costimulatory
molecules, indicating a lack of maturation of RTDCs
within the epithelium.

The proinflammatory cytokine GM-CSF enhanced the
TH2 response induced by RTDCs in the MLR. The result
was particularly marked in experiments with CD1c1

RTDCs, in which production of IFN-g was ablated. In
contrast, exposure of PBDCs to GM-CSF promoted TH1
development in allogeneic T cells. One possible explana-
tion for this may lie in the differential capacity of RTDCs
and PBDCs to produce TNF-a in response to CD40
ligation. GM-CSF alone was unable to upregulate IL-12
production by murine DCs but required TNF-a as
costimulus.31 Deficiency in production of this factor by
RTDCs, therefore, may skew the response toward a
TH2 pattern. The results support the hypothesis that
RTDCs exhibit a less mature or distinct state of
differentiation.

The results from this study emphasize the critical
importance of studying tissue-derived primary human
DCs. Although we were unable to perform comparative
experiments on turbinates from normal, healthy individ-
uals for ethical reasons, the results support the concept
of functional plasticity of human RTDCs, a previously
unaddressed issue. This plasticity offers a rationale for
considering intervention strategies designed to target DCs
at the lesional site in mucosal inflammatory diseases such
as asthma or rhinitis.

We are grateful toMrs Kheem Jones for performing skin prick tests

on patients.We thank Drs SunYing andQiuMeng for morphological

analysis of RTDCs.
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