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Airway mucosal dendritic cells (DCs), located beneath
the epithelium of the conducting airways, are be-
lieved to be specialized for immunosurveillance via
sampling of antigens from the airway luminal sur-
face. However, the dynamics of airway DC activity has
not yet been visualized. We used two-photon micros-
copy to illuminate the endogenous mucosal DC net-
work in the airways of mice. To characterize DC be-
havior, we used lung section preparations and an
intravital microscopic approach. DCs displayed a het-
erogeneous movement pattern according to their lo-
calization within the airway mucosa: sessile intraepi-
thelial DCs with a dendritiform shape exhibited active
probing movements and occasionally formed trans-
epithelial extensions into the airway lumen. In con-
trast, DCs within the deeper layers of the mucosal
tissue migrated fast in an amoeboid manner, without
probing movements, and slowed down after aeroal-
lergen challenge. Strikingly, neither of these two mu-
cosal DC populations ingested fluorescently labeled
antigens after antigen administration to the airways
in the steady state, in contrast to alveolar macro-
phage/DC populations in the lung periphery. Our re-
sults provide a first description of the dynamic behav-
ior of airway mucosal DCs, with their exact role in
antigen sampling remaining unclear. (4m J Pathol
2011, 179:603-609; DOI: 10.1016/j.ajpath.2011.04.039)

Dendritic cells (DCs) of the respiratory tract have been
attributed a central role in the induction of tolerance and
adaptive immunity to inhaled antigens.”? Indirect evi-

dence has suggested that airway DCs fulfill this role via
capturing antigens in the lungs, processing and present-
ing antigen in the context of major histocompatibility com-
plex (MHC) molecules on their surface, and migrating to
lung-draining lymph nodes, where they activate T cells.®
Because of their effective antigen-transporting and pre-
senting function, airway DCs have been implicated to
mediate sensitization to inhaled allergens, resulting in a
T, 2-biased immune response as observed, for example,
in allergic asthma.* Beyond their role in allergic sensiti-
zation, DCs are also essential for generating allergen-
specific effector T,2 responses in ongoing inflamma-
tion.® The activity of airway mucosal DCs is influenced by
their local interactions with epithelial cells® and mucosal
memory T cells.”

Two-photon microscopy has been extensively used for
visualizing cells of the immune system in vivo.® The dy-
namic behavior of DCs in the draining lymph nodes and
their interactions with T cells during immune response
generation have been well characterized.®'° The dynam-
ics of the DC network in peripheral tissues, however, is
poorly understood. Recent imaging studies using intrav-
ital two-photon microscopy revealed how lamina propria
DCs in the gut form transepithelial extensions to sample the
bacterial content of the gut lumen' and how skin DCs are
mobilized during contact sensitization or by adjuvant stim-
ulation.”® However, we have only limited knowledge on the
dynamic behavior of airway mucosal DCs.

We used dynamic ex vivo and in vivo two-photon mi-
croscopy to visualize the endogenous airway mucosal
DC network in mice. Our results demonstrate that DCs
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located beneath the airway mucosal epithelium display a
heterogeneous motility pattern both in the steady state
and in response to antigen inhalation. We show that in-
traepithelial DCs are capable of forming transepithelial
extensions into the airway lumen. However, these events
are extremely rare, and the functional relevance remains
questionable.

Materials and Methods

Animals

CD11c-enhanced yellow fluorescent protein (EYFP)-
transgenic mice'® (kindly provided by Michel C. Nussen-
zweig, The Rockefeller University, New York, NY) on a
C57BL/6 background were used at 10 to 15 weeks of
age. All animal experiments were performed in concor-
dance with the German animal protection law under a
protocol approved by the appropriate governmental au-
thority (Lower Saxony State Office for Consumer Protec-
tion and Food Safety, Wardenburg, Germany).

Sensitization and Allergen Challenge

Mice were sensitized with 10 ug of ovalbumin (OVA;
grade VI; Sigma-Aldrich, St. Louis, MO) adsorbed to 1.5
mg of Al(OH); diluted in 0.9% NaCl on days 0, 14, and 21
via i.p. injection or sham sensitized with 1.5 mg of
Al(OH); in 0.9% NaCl i.p., respectively. On day 27, all
animals were exposed to 1% OVA aerosol in 0.9% NaCl

for 20 minutes.

Preparation of Vital Lung Sections

A solution of 3% agarose (type VII-A; low gelling temper-
ature; Sigma-Aldrich) was prepared in distilled water at
60°C. The solution was cooled down to 37°C and mixed
with an equal amount of 2X medium 199 (Invitrogen,
Carlsbad, CA) to make a 1.5% agarose solution in 1X
medium 199 at 37°C. Twenty-four hours after allergen
challenge, animals were sacrificed with an overdose of
intraperitoneally administered pentobarbital. After exsan-
guination the chest cavity was opened, the trachea was
cannulated with an 18-gauge i.v. catheter, and the lungs
were inflated with the agarose/medium solution. Subse-
quently, the lungs were covered with fresh ice for 5 min-
utes, removed, and placed on ice in HBSS supplemented
with 25 mmol/L HEPES for 15 minutes to ensure complete
gelling of the agarose. Section preparations were cut
using an OTS-5000 oscillating tissue slicer (Electron Mi-
croscopy Sciences, Hatfield, PA) using the left lung and
the superior and inferior lobes of the right lung. From
each of these lobes, one or two 300-um-thick sections
were cut with a section plane running parallel with the
main axial pathway (in case of the left and the right
inferior lobe) or with the plane at which the bifurcations of
the main bronchi are located (in case of the right superior
lobe). This approach allowed us to generate sections in
which a large proportion of the airway mucosa was ex-
posed for imaging in longitudinally cut bronchi. The sec-

tion preparations were incubated at 37°C in a cell culture
incubator for at least 2 hours, after which the agarose left
the lumen of large bronchi. Finally, sections were labeled
with the vital dye seminaphtorhodafluor-1-acetoxymethy-
lester (SNARF-1; Invitrogen; 10 umol/L for 15 minutes at
37°C) in medium 199, washed, and maintained at 37°C in
a cell culture incubator until imaging. For microscopic
analysis, section preparations were placed in a POC-R
imaging chamber combined with a heating insert P (both
from PeCon, Erbach, Germany). To hold the sections in
place, they were attached to the coverslip bottom using a
section anchor (Harvard Apparatus, Holliston, MA). The
imaging chamber was heated to 37°C and continuously
superfused with prewarmed medium 199. The medium
was kept at pH 7.4 by bubbling the reservoir with carbo-
gen gas containing 95% O, and 5% CO..

Surgical Preparation for Intravital Microscopy

Twenty-four hours after allergen challenge, mice were
treated intranasally (under isoflurane anesthesia) with 25
ng of SNARF-1, diluted in 50 uL of PBS, to fluorescently
label the tracheal epithelium. One hour later, mice were
anesthetized with an i.p. injection of ketamine (50 mg/kg)
and xylazine (10 mg/kg) and attached to a custom-built
intravital imaging platform. The trachea was surgically
exposed by making a small incision on the neck followed
by blunt dissection between layers of muscle to minimize
tissue injury. Muscles covering the trachea were re-
tracted using a wire. In some experiments, animals were
orotracheally intubated with a cannula (Harvard Appara-
tus) to immobilize the trachea. After filling the surgical
area with PBS, a 5-mm coverslip, attached to a custom-
built holding and warming device, was placed on the
surface of the trachea and sealed with vacuum grease. A
thermocouple was inserted just beneath the coverslip to
maintain a temperature of 37°C at the observation area.

Two-Photon Microscopy and Image Analysis

Multidimensional images were acquired using a TrimScope
two-photon microscope (LaVision BioTec, Bielefeld, Ger-
many) equipped with a Spectra-Physics MaiTai HP ultrafast
laser (Newport, Irvine, CA). Laser wavelength was set to
920 nm for the optimal excitation of EYFP and SNARF-1.
Bandpass filters 490/50, 525/50, and 630/75 were used
for the detection of a second harmonic signal, EYFP and
SNARF-1, respectively. All images were acquired using
an Olympus 20X water immersion objective (numeric
aperture = 0.95). For the analysis of DC motility, image
stacks with a Z-resolution of 1 um were acquired at
30-second or 60-second intervals.

Four-dimensional image series were analyzed using
Imaris software version 6.2.1 (Bitplane, Switzerland).
Mean velocity and displacement of DCs were measured
using the automated tracking feature. The accuracy of
cell tracking was manually controlled. Because the length
of image acquisition varied among the experiments, dis-
placement was normalized for a period of 1 hour. Cells
with a displacement smaller than 2.5 um were consid-
ered as immotile and their tracks were filtered out. Sta-



tistical significance of differences in the motility parame-
ters of DCs between PBS/OVA and OVA/OVA animals
were analyzed with an unpaired t-test using GraphPad
Prism version 4.03 (GraphPad Software, La Jolla, CA).

Intranasal Antigen Delivery and
Whole-Mount Microscopy

Mice were anesthetized using isoflurane and intranasally
treated with 50 ulL of i) 108 tetramethylrhodamine (TR)-
labeled, heat-killed Escherichia coli particles, ii) 108 crim-
son-fluorescent microspheres with a size of 1.0 um, or iii)
0.5 mg of Alexa Fluor 647-labeled 10.000 molecular
weight dextran (all from Invitrogen), diluted in 50 uL of
PBS. Two hours later, the animals were sacrificed with an
overdose of pentobarbital and the lungs were processed
for whole-mount analysis as described previously.' 4
Image stacks were acquired using an LSM 510 META
confocal microscope (Carl Zeiss, Jena, Germany).

Results

Airway Mucosal DCs Display a Heterogeneous
Motility Pattern

The CD11c-EYFP transgene revealed two characteristic
DC networks in the airway mucosa (Figure 1, A and B):
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Figure 1. The distribution of epithelial and subepithelial DC populations.
Bronchial whole-mount preparations from CD11c-EYFP mice were stained
for MHC-II and subsequently labeled with phalloidin—Alexa 680 to simulta-
neously visualize EYFP* cells (yellow) and MHC-II" cells (red) in relation to
the epithelium and smooth muscle layer (gray) using confocal microscopy.
A: Confocal Z-stack is shown as a Y-projection side view to demonstrate the
distinction of epithelial and subepithelial compartments of the airway mu-
cosa (separated by white dashed line) (left), and the graph shows the
number of CD11c-EYFP™ cells beneath an area of 1-mm? airway epithelium
(right). Cell count was determined at the proximal part of the left main axial
pathway from five mice. B: Confocal Z-projections top views of the optical
sections generated within the epithelial (upper panels) and subepithelial
layer (lower panels) of the same confocal Z-stack showing the distribution
of CD11c-EYFP™ and MHC-IT™ cells. Scale bar = 50 um.
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Figure 2. Lung section preparations suitable for dynamic imaging of airway
mucosal DCs. A-C: Low-magnification photomicrographs of freshly prepared
sections made from the superior lobe (A) and the inferior lobe (B) of the right
lung and from the left lung (C). The sections were cut in the level of the main
conducting airways. D: Typical location used for two-photon microscopy.
Mosaic of four microscopic images obtained with a X10 objective lens
corresponding to the boxed region shown in A. Scale bar = 1 mm.

DCs within the epithelium showed a typical dendritiform
shape, with long extensions that reached out mainly in a
lateral direction, parallel with the epithelial basement
membrane; and DCs within the subepithelial compart-
ments displayed an amoeboid shape, without the pres-
ence of long cellular extensions. The subepithelial
population contained approximately four times more
CD11c-EYFP™ cells compared with the intraepithelial
population (Figure 1A). The intraepithelial CD11c-EYFP™
DC network was completely identical to a network of
MHC-II" cells, whereas in the subepithelial layers, only a
population of MHC-II" cells expressed EYFP (Figure 1B),
as described previously."

To visualize the motility of the mucosal DC network,
vibratome sections from lungs of CD11c-EYFP reporter
mice were generated. In these section preparations, lon-
gitudinal sections of the main conducting airways were
visible, enabling the direct observation of the airway mu-
cosa using two-photon microscopy (Figure 2; see also
Supplemental Video S1 at http.//ajp.amjpathol.org). Stain-
ing with the vital dye SNARF-1 revealed the bronchial
epithelium, allowing for the identification of the epithelial
and subepithelial DC populations (Figure 3, A and C). We
examined the motility pattern of DCs along the whole
length of the airway tree, starting from the proximal, large
bronchi toward the distal branches with smaller diame-
ters. On the basis of their localization and morphologic
characteristics, in both large and small bronchi we were
able to distinguish the previously observed two types of
airway mucosal DCs (ie, epithelial and subepithelial
DCs). Both DC types were present in the mucosa of the
large and the smaller bronchi; however, epithelial DCs
were less frequent toward the periphery.

Using time-lapse imaging, these two different types of
EYFP" DCs were found to display different patterns of
motility. Epithelial DCs were mainly sessile or slowly
crawling just beneath the epithelium while actively pro-
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truding and retracting their dendritic processes, whereas
subepithelial DCs did not show probing behavior, instead
they randomly migrated beneath the epithelium in a lat-
eral direction and covered large areas over time (Figure
3, B and D; see also Supplemental Videos S2 and S3 at
http://ajp.amjpathol.org).

To compare the motility pattern of DCs observed in
section preparations with their in vivo behavior, we per-
formed intravital two-photon microscopy of the tracheal
mucosa. Tracheal epithelial and subepithelial DCs dis-
played a similar movement pattern as observed using the
ex vivo lung section approach (see Supplemental Video
S4 at http://ajp.amjpathol.org).

Projection of Transepithelial Extensions into the
Airway Lumen

The formation of DC extensions across the epithelial layer
is a well documented phenomenon in the gut.'"' How-

Figure 3. Steady-state motility of DCs within
different layers of the airway mucosa. Two-pho-
ton microscopic images of the airway mucosa in
central, large-diameter bronchi (A and B) or pe-
ripheral, small-diameter bronchi (C and D) with
CD11c-EYFP* DCs (yellow) located within and
beneath the epithelium (red), revealed by
SNARF-1 staining. Second harmonic signals gen-
erated by collagen fibers are shown in blue. A
and C: Maximum-intensity projections along the
Z-axis (top view) or the x- and jaxes (side
views, representing only a few optical sections).
Arrows indicate intraepithelial DCs with typical
dendritiform morphologic characteristics; dou-
ble arrows show subepithelial DCs with
rounded or amoeboid shape. Scale bar = 50 um.
B and D: Image sequences (see Supplemental
Videos S2 and S3 at http.//ajp.amjpathol.org)
showing the locations of the corresponding
boxed regions in A and C indicating the slow
migration (B) and the probing movements (D)
and of an epithelial DC. Time scale is shown as
hh:mm.

ever, the existence of such extensions across the bron-
chial epithelium and their role in antigen sampling remain
unclear. Because our setup allowed the visualization of
the epithelial layer together with the underlying DC net-
work, we searched for extensions of EYFP* epithelial
DCs projecting into the airway lumen. Figure 4 shows the
formation of a long DC extension reaching out to the
luminal side of the epithelial layer (see Supplemental
Videos S5 and S6 at http://ajp.amjpathol.org). However,
we observed this phenomenon only in two independent
experiments, whereas in most cases DC extensions ran
in a lateral direction, parallel with the basement mem-
brane.

DC Motility after Aeroallergen Challenge

Allergen exposure of previously sensitized mice has
been shown to enhance allergen capture and processing
in normally quiescent airway mucosal DC populations.™®

Figure 4. Projection of transepithelial exten-
sions. Two-photon microscopic images of the
airway mucosa with CD11c-EYFP* DCs (yellow)
located within and beneath the epithelium (red),
revealed by SNARF-1 staining. A: CD11c-EYFP"
DC forming an extension across the epithelium
(arrows). Maximum-intensity projections along
the z-axis (top view) or the x- and j-axes (side
views, representing only a few optical section).
Scale bar = 50 wm. B: Image sequence (see
Supplemental Video S5 at htip://ajp.amjpathol.
org) showing the corresponding side view in A,
indicating the dynamic activity of the transepi-
thelial DC projection. Time scale is shown as
hh:mm.
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This local maturation of DCs makes them capable of
making cognate interactions with mucosal memory T
cells.” In previous imaging studies performed on skin
DCs, maturation in response to antigen/adjuvant treat-
ment was associated with pronounced changes in their
motility.">"” Therefore, we measured the motility of air-
way mucosal DCs after allergen inhalation, using a
mouse model of allergic airways disease. We measured
the mean velocity and displacement of DCs using a filter
that excluded cells slower than 2.5 um/min to distinguish
real displacement from probing movements of sessile
cells.’® Accordingly, intragpithelial sessile DCs were
mostly excluded from this analysis and the measure-
ments reflect the motility of the subepithelial DC popula-
tion. Twenty-four hours after aeroallergen challenge, both
the velocity and displacement of DCs in the airway mu-
cosa of allergen-sensitized mice were decreased, com-
pared with the nonsensitized controls (Figure 5). This
difference in DC motility was observed both in the tra-
cheal mucosa (Figure 5A), analyzed via intravital micros-
copy, and in the mucosa of the intrapulmonary airways
(Figure 5B) in ex vivo section preparations (see Supple-
mental Video S7 at http.//ajp.amjpathol.org).

Visualization of Antigen Uptake

The primary role of airway mucosal DCs is to sample the
airway lumen for inhaled antigens and process them for
subsequent presentation to T cells in the draining lymph
nodes or locally in the airway mucosa. Therefore, we
attempted to visualize the dynamic process of antigen
sampling by treating vibratome sections with fluores-
cently labeled particles (E. coli particles and polystyrene
beads) or soluble macromolecules (OVA and dextran).
Uptake of these antigens by DCs would then result in a
clear colocalization of their fluorescence with EYFP fluo-
rescence. Surprisingly, we were unable to detect the
uptake of any sort of antigen preparation by DCs lining
the bronchial mucosa when applied on the section prep-
arations, independently of the time delay between anti-
gen application and imaging or the amount of antigen
applied (results not shown). Therefore, we next followed
the distribution of inhaled antigen in the airways in vivo
using static imaging. To this end, mice were treated with
the fluorescent antigen preparations intranasally. Two
hours after antigen application, both epithelial and sub-
epithelial CD11c-EYFP* DCs within the mucosa of the
main conducting airways were clearly devoid of antigens
(Figure 6, A, C, and E), whereas in the lung parenchyma
of the same animals, small, rounded CD11c-EYFP™ cells
(presumably alveolar macrophages) but not dendritiform
CD11c-EYFP™ cells contained large amounts of fluores-
cently labeled antigen (Figure 6, B, D, and F). These
experiments were also performed using allergen-sensi-
tized mice, which received the fluorescent antigens 24
hours after aeroallergen challenge. However, experi-
ments with inflamed airways yielded the same results (not
shown) as those obtained using naive mice.
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Figure 5. Quantitative analysis of DC motility after aeroallergen challenge.
CD11c-EYFP mice were sensitized to OVA/AI(OH); i.p. on days 0, 14, and 21
and exposed to OVA aerosol on day 27 (OVA/OVA group). Controls received
PBS/AI(OH); i.p. and received OVA aerosol, respectively (PBS/OVA group).
On day 28, half of the mice were anesthetized and DC motility in the trachea
was analyzed using intravital two-photon microscopy. The other half of the
animals was sacrificed, and vital lung sections were prepared using a vi-
bratome. The motility of DCs in the bronchial mucosa within section prep-
arations was analyzed using two-photon microscopy. Mean velocities and
displacements of DCs were calculated by analyzing four-dimensional image
series generated using either the intravital microscopic setup (A) or section
preparations (B). Circles represent the velocities and displacement of indi-
vidual cells; black bars indicate mean values. Graphs collectively show the
data obtained from three independent experiments for each setup.

Discussion

DCs of the airway mucosa have been previously sug-
gested to scan the luminal environment of the airways for
inhaled antigens. Accordingly, they are depicted in sev-
eral review articles as sessile cells beneath or within the
layer of ciliated epithelial cells, forming dendritic exten-
sions across the epithelium that reach out into the airway
lumen.©'81° This periscope function has been regarded
as an important mechanism for continuous immune sur-
veillance of the airway luminal surface.?® However, dy-
namic imaging studies performed in the airway mucosa
so far delivered only limited evidence for the formation of
such extensions.® Moreover, the dynamic behavior of
different airway mucosal DC populations in the steady
state and after allergen inhalation has not been ad-
dressed in detail.
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Figure 6. The fate of inhaled particles and soluble macromolecules. Naive
CD11c-EYFP mice were treated intranasally with E. coli-TR (A and B),
crimson-fluorescent polystyrene beads (C and D), or dextran—Alexa Fluor
647 (E and F). Two hours later, the lungs were fixed, the main conducting
airways were dissected, and the lung parenchyma was sliced with a vi-
bratome to generate whole-mount preparations. Confocal images of the
airway mucosa (A, C, and E) or the lung parenchyma (B, D, and F) were
taken to detect CD11c-EYFP™ cells (yellow) containing E. coli-TR (red),
microspheres (blue), or dextran (blue). Maximum intensity projections of
confocal Z-stacks (A-D) or volume-rendered 3-dimensional images (E and F)
are shown. Scale bar = 50 um. Images are representative of at least three
independent experiments with similar results.

We described a two-photon microscopic approach
that provides a clear view of the endogenous airway
mucosal DC network within the intrapulmonary airways
(in ex vivo section preparations) and in the trachea (in
vivo), using the CD11¢c-EYFP reporter strain.’® This setup
allowed us to distinguish between a sparse, mostly ses-
sile intraepithelial DC population and a more numerous,
fast-migrating subepithelial population within the deeper
layers of the airway mucosa. Intraepithelial DCs with a
typical dendritiform shape displayed vigorous probing
movements, mostly in the lateral direction. However, in
two cases we could clearly observe these cells forming
extensions perpendicular to the epithelial sheet, reaching
the airway lumen. Nevertheless, the physiologic role of
transepithelial extensions in the airways remains enig-
matic because the formation of such structures is a rare
event, and at least under our experimental conditions,
intraepithelial DCs did not internalize antigens after anti-
gen exposure in the steady state. The intranasal delivery
of fluorescently labeled latex beads or soluble antigen

(OVA or dextran) is a well-established method for study-
ing the trafficking and function of airway DCs. 6222 With
this approach, antigen-bearing DCs have been detected
in the lungs and in the draining lymph nodes via flow
cytometry or via conventional immunohistologic analysis.

Our whole-mount microscopic approach revealed the
complete three-dimensional network of intra- and subep-
ithelial CD11c-EYFP* DC populations of the airway
mucosa, whereas in vibratome sections of peripheral
lung tissue, both dendritiform CD11c-EYFP* DCs and
rounded CD11¢c-EYFP™ alveolar macrophages were vis-
ible. Alveolar macrophages are known to be CD11c™
cells (but they appear as MHC-1I"®9"°" cells compared
with MHC-II" DCs). In the CD11c-EYFP transgenic sys-
tem, these cells indeed exhibit a bright yellow fluores-
cence, which is readily detectable not only in section
preparations but also on alveolar macrophages recov-
ered via bronchoalveolar lavage (results not shown).
Thus, we believe that CD11c-EYFP™ cells with a rounded
shape located within alveoli represent alveolar macro-
phages (or alveolar DCs). The in vivo exposure of mice
with fluorescently labeled antigen was followed by a pro-
nounced antigen accumulation in such rounded CD11c-
EYFP™ cells in the lung parenchyma but never in intra-
epithelial dendritiform DCs of the airway mucosa, which
questions the role of mucosal intraepithelial DCs as the
DC population primarily involved in antigen sampling.
Possible explanations for this finding are that these DCs
internalize only minute amounts of antigen or antigen
uptake by DCs might be a rare event, which is hardly
detectable using our microscopic methods. Another ex-
planation is offered by the highly effective activity of the
mucociliary elevator: most inhaled particles entering into
the mucous layer are transported away before DCs could
reach them. In this respect, DCs would only sense those
antigens that escape this clearance mechanism. Alterna-
tively, inhaled particles may in fact need to breech the
epithelial barrier to be detected by DCs, similar to the
skin'”; however, this would leave the role of transepithe-
lial extensions unclear. Thus, further studies will be
needed to address the role of intraepithelial DCs in anti-
gen sampling and clarify their relationship to the previ-
ously reported antigen-bearing DCs.

In response to allergen inhalation, subepithelial DCs
showed a decreased motility. In an earlier study address-
ing DC moitility in the trachea, lipopolysaccharide expo-
sure resulted in an increased velocity of DCs with rapid
lateral movements,®® suggesting that the response of
mucosal DCs to innate immune signals is substantially
different from their response to allergen stimulation. It has
been postulated earlier that during the onset of experi-
mental allergic airways disease, airway DCs become ca-
pable of activating airway-resident CD4™ T cells.”'® Our
results showing a confined in situ migration of airway
mucosal DCs are consistent with the presumption that
after allergen exposure, DCs cease their patrolling be-
havior and slow down to make contacts with local T cells.
However, the proof of this hypothesis will require the
simultaneous visualization of antigen-bearing DCs and
antigen-specific T cells by future imaging studies.
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