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Abstract

ICAM-1 (CD54) plays an important role in the cell-cell interaction and migration of leukocytes.
Previous studies have shown that ICAM-1 is involved in inflammatory reactions and that a defect
in ICAM-1 gene inhibits allergic contact hypersensitivity. This study indicates that the migration
of hapten presenting Langerhans cells into the regional lymph nodes was significantly reduced in
ICAM-1-deficient mice compared to wild-type C57BL/6 mice. The reduced number of dendritic
cells in regional lymph nodes did not result from abnormal migration of Langerhans cells into the
skin of ICAM-1-deficient mice. The concentration and distribution of Langerhans cells in the
naive skin of ICAM-1-deficient mice was equal to that of wild-type mice. Following hapten
sensitization, Langerhans cell migration out of the skin and recruitment of fresh Langerhans cells
back to the epidermis was not affected in ICAM-1-deficient mice. Further experiments
demonstrated that ICAM-1 deficiency on lymphatic endothelium rather than on dendritic cells was
responsible for the reduced migration of Langerhans cells into draining lymph nodes. This study
indicates that ICAM-1 regulates the migration of dendritic cells into regional lymph nodes but not
into or out of the skin.
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1 Introduction

The indispensable role of dendritic cells (DC) in the development of immune responses is
well accepted. These cells originate in the bone marrow and migrate through the blood to
peripheral tissues where they reside for long periods of time. Langerhans cells, a
subpopulation of immature DC present in the suprabasal layer of the epidermis, are
strategically located to initiate immune responses to antigens encountered in the skin. Upon
antigen stimulation, Langerhans cells capture antigens and migrate into the regional lymph
nodes where they activate antigen specific T cells [1, 2]. The migration of DC from the bone
marrow into peripheral tissues and then to lymphoid organs following encounter with
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antigen is a complex series of events that are regulated by an assortment of chemokines,
cytokines and adhesion molecules, many of which are induced or increased by encounter
with antigen [3, 4]. The adhesion molecules, E-cadherin [5], CLA, P- and E-selectins [6], p1
integrins [7] and ICAM-1 (CD54) [8] have all been implicated in DC migration into, out of,
or retention in the skin.

ICAM-1 is a cell surface glycoprotein that is a member of the immunoglobulin superfamily.
It is constitutively expressed on vascular and lymphatic endothelial cells, and monocytes and
can be induced by the cytokines IL-1, TNF-a and interferon-y on epidermal keratinocytes
and a multiplicity of other cells [9, 10]. The induction of ICAM-1 on keratinocytes is
attributed to the recruitment of leukocytes into the skin and development of cutaneous
inflammation [11]. Low levels of ICAM-1 are present on Langerhans cells in the skin. As
they mature following encounter with antigens, ICAM-1 expression dramatically increases
[12]. Through its interaction with the ligand CD11a and CD11b, ICAM-1 mediates adhesive
interactions between leukocytes to the vascular and lymphatic endothelium, a process which
facilitates their transendothelial migration into tissues [9, 10, 13]. Inflammatory stimuli
increase the expression of ICAM-1, which is one of mechanisms for the infiltration of
leukocytes in inflammatory sites [14].

In ICAM-1-deficient mice, hapten induced contact hypersensitivity responses in the skin are
reduced [15]. Multiple mechanisms may contribute to this defect in the cutaneous
inflammation. The migration of hapten carrying Langerhans cells, the initial step for the
induction of contact hypersensitivity, may be one factor. To address this issue, ICAM-1-
deficient mice were used to examine its role in the migration of Langerhans cell precursors
in the skin and draining lymph nodes following contact with hapten. The results indicate that
ICAM-1 regulates Langerhans cell migration into the draining lymph nodes, but does not
affect their transit into the skin, suggesting different mechanisms for the migration into these
two sites.

2.1 The migration of hapten-labeled Langerhans cells into the draining lymph nodes is
inhibited in ICAM-1-deficient mice

Preliminary studies confirmed previous reports that sensitization of ICAM-1-deficient mice
with haptens DNFB and FITC resulted in a deficient contact hypersensitivity response (data
not shown). To determine whether the migratory pattern of dendritic cells might in part be
responsible for the altered immune reactivity of these mice, ICAM-1-deficient and wild-type
C57BL/6 mice were sensitized with FITC and the draining lymph nodes were taken 22-24 h
later for analysis of FITC-labeled Langerhans cells by flow cytometry. ICAM-1-deficient
mice had a significantly lower level of FITC-labeled cells in the draining lymph nodes than
the wild-type mice (2.3+£0.45% vs. 3.8+1.5%, p < 0.05). Most of the FITC-labeled cells were
stained by anti-CD11c antibody N418, indicating that the hapten-labeled cells were mature
DC (Fig. 1). The level of N418/FITC-double-positive cells was also significantly lower in
ICAM-1-deficient mice than in the wild-type mice (2.3£0.5% vs. 3.7+1.7%, p <.05). The
number of N418-positive cells in the lymph node of naive ICAM-1-deficient and wild-type
mice was equivalent (2.14+0.6% vs. 2.06+0.1%, p> 0.05).
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Kinetics of DC migration into draining lymph nodes was compared in ICAM-1-deficient and
wild-type mice following hapten sensitization. As shown in Table 1, the number of hapten-
labeled migratory DC in the draining lymph nodes of both mouse strains peaked at 24 h and
rapidly declined at 48 h. In our hands, hardly any N418-positive hapten-labeled DC could be
detected in the draining lymph nodes after 48 h. Although there was variation, the difference
in migration between ICAM-1-deficient and wild-type mice was seen at all tested time
points. A change in the kinetic of DC migration in ICAM-1-deficient mice was not evident.

2.2 The migration of Langerhans cells into and out of the skin is normal in ICAM-1-
deficient mice

To determine whether the reduced migration of hapten-labeled Langerhans cells in the
regional lymph nodes resulted from a reduced number of Langerhans cells in the skin of
ICAM-1-deficient mice, the epidermis of wild-type and ICAM-1-deficient mice was stained
with anti-MHC class 11 antibody and the number of positive cells was determined. The result
indicates that the density of la-positive Langerhans cells in the skin of naive ICAM-1-
deficient and wild-type mice was comparable (1,311+94.6 vs. 1,151+70.7 cellssmm?, p>.
05). In addition, the morphology of Langerhans cells in the skin of ICAM-1-deficient mice
was normal (Fig. 2). These findings indicate that the migration of Langerhans cells into the
epidermis under naive conditions does not require ICAM-1.

Studies were next conducted to determine whether the reduction in lymph node DC in
ICAM-1-deficient mice was caused by an inability of Langerhans cells to emigrate out of the
skin. Wild-type and ICAM-1-deficient mice were hapten-sensitized, after which the density
of Langerhans cells in the epidermis was assessed by immunochistochemistry. Preliminary
studies revealed that the greatest reduction in epidermal Langerhans cells in normal mice
occurred at four hours (data not shown). No significant difference was observed in epidermal
la-positive Langerhans cells between ICAM-1-deficient and wild-type mice (463+31.1 vs.
394+17.7 cellssmm?, p>.05). Other time points were also examined to exclude the
possibility that ICAM-1 interfered with the kinetics of emigration of hapten-sensitized
Langerhans cells out of the epidermis. No significant differences in Langerhans cell
densities were noted at these other time points either. Thus, the reduction in the densities of
DC in regional lymph nodes in ICAM-1-deficient mice could not be attributed to an inability
of Langerhans cells to migrate out of the epidermis.

Further experiments were conducted to examine the effect of ICAM-1 deficiency on the re-
population of Langerhans cells in the epidermis after hapten-sensitization. Mice were
sensitized with DNFB and the epidermis was taken for analysis of la-positive Langerhans
cells 24 h later. As shown in Fig. 2, the density of la-positive Langerhans cells in the
epidermis had significantly recovered by 24 h. There was no significant difference in the
number of Langerhans cells in ICAM-1-deficient and wild-type mice 24 h after hapten
sensitization (854+27.7 vs. 831+22.7 cells/mm?2, p>.05). This result provides additional
evidence that the migration of Langerhans cells into the epidermis is not regulated by
ICAM-1 under either naive or inflammatory conditions.

Finally, the migration of Langerhans cells in the dermis was examined. Following hapten
sensitization, the number of class Il-positive cells in the dermis was greatly reduced at 4 h,
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like in the epidermis. No significant difference was found in ICAM-1-deficient and wild-
type mice (Fig. 3A), suggesting that Langerhans cells were not retained in the dermis after
leaving the epidermis following hapten sensitization.

In further experiments, mice were hapten-sensitized on ears and the skin explants were
prepared from the treated dorsal side of ears. The explants were placed in culture and the
number of Langerhans cells that migrated out of the explant was determined. These cells
contained about 70% CD11c—positive DC. Fig. 3B shows the result of ten mice in each
group. Langerhans cells migrated out of the skin explants at a similar level in both mouse
strains. This further confirms that ICAM-1 deficiency has no effect on Langerhans cell
migration out of the skin.

2.3 ICAM-1in lymph nodes is important for migration of Langerhans cells

Langerhans cells express ICAM-1 and LFA-1. Both molecules are up-regulated during
maturation [12, 16]. To determine whether ICAM-1 expressed by DC or lymphatic
endothelium is critical for the migration of Langerhans cells into lymph nodes, bone
marrow-derived DC were generated for an /in vivo migration assay. Bone marrow-derived
DC were employed instead of Langerhans cells because the number and purity of isolated
Langerhans cells were insufficient for the assay. By using a well-established /n vitro culture
system, a large number of bone marrow-derived DC that contained > 90% N418-positive DC
were generated. Flow cytometry analysis demonstrated that the phenotype of DC from
ICAM-1-deficient and wild-type mice was identical with respect to the expression of
CD11a, CD11c, MHC class II, and B7-1 (Fig. 4A). These cells were labeled with ®1Cr and
injected into the footpad of mice. The radioactivity of the draining popliteal lymph node was
quantitated and standardized from each individual animal as described in Sect. 4. The
migration of wild-type DC into the regional lymph node of ICAM-1-deficient recipients was
significantly reduced in comparison to that of wild-type recipient mice (Fig. 4B, migration
index: 7£2.1 vs. 11.3+4.03, p < 0.05). The migration index of wild-type and ICAM-1-
deficient DC was similar in ICAM-1-deficient recipient mice (7£2.1 vs. 6.4£1.9). In wild-
type recipients, the migration index of ICAM-1-deficient DC is not significantly different
from that of wild-type DC (12.8+4.2 vs. 11.3+4.03). The data strongly suggest that ICAM-1
expression in the regional lymphatics rather than on Langerhans cells is important for the
migration of hapten-labeled Langerhans cells into the regional lymph node.

To further confirm the role of lymphatic ICAM-1 in regulation of DC migration, CD18-
deficient DC were compared with wild-type DC in migration to draining lymph nodes of
wild-type recipient mice. As shown in Fig. 5, the migration of CD18-deficient DC into
draining lymph nodes was significantly reduced. The migration index of CD18-deficient was
reduced about 50% compared to wild-type DC, similar to that seen between wild-type and
ICAM-1-deficient mice (Fig. 4).

3 Discussion

The cytokines and adhesion molecules responsible for localization of leukocytes at specific
sites within inflamed and non-inflamed tissues is an area of active investigation. Of
particular interest are the adhesion molecules that control the movement of DC, a process
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that is complex and incompletely understood. DC originate in the bone marrow, travel to
peripheral tissues where they reside for variable lengths of time, and then after they have
encountered antigen, must move out of peripheral tissues to lymphoid organs to activate T
cells.

The experiments described here were prompted by the observation that contact
hypersensitivity reactions are reduced in mice treated with anti-ICAM-1 antibodies and in
strains of animals with a genetic deficiency in ICAM-1 [8, 15]. ICAM-1 is expressed on
Langerhans cells, keratinocytes, and the vascular and the lymphatic endothelium [9, 12 13].
Thus, there are ample opportunities for this adhesion molecule to be involved in migratory
properties of Langerhans cells. In the current study, ICAM-1-deficient mice were used to
examine this issue. The findings demonstrate that Langerhans cells utilize ICAM-1 for
migration in a highly selective manner. Its expression is necessary for their entrance into
lymph nodes, but it is not required for migration into or out of the skin. Thus, Langerhans
cells utilize different adhesion molecules for migration depending on the location to which
they are going. This seems reasonable given the fact the endothelial cells of blood and
lymph vessels express different patterns of adhesion molecules [17] and therefore, the
mechanism for cell migration through these two pathways may be different. A recent study
demonstrated that the accumulation of DC in the lung was not significantly affected in
ICAM-1-deficient mice [18].

We found that ICAM-1 on the lymphatic endothelium is required for Langerhans cells to
enter draining lymph nodes where interactions between contact allergen bearing DC and T
cells takes place. This conclusion is based on the fact that there were reduced numbers of
hapten-labeled Langerhans cells in the draining lymph nodes of contact-sensitized ICAM-1-
deficient mice compared to wild-type mice. The number of DC, as determined by CD11c
expression (N418), in the lymph nodes of naive ICAM-1-deficient mice was not different
than that of wild-type mice, indicating that the deficiency in dendritic cell percentages
following hapten administration was not caused by a preexisting disparity in percentages of
DC in the lymph nodes of naive mice. Exactly why there was no difference in the percentage
of lymph node DC in naive wild-type and ICAM-1-deficient mice is unclear. It is known that
DC are a heterogeneous group of cells with several subpopulations [3]. The origination of
resident DC in lymph nodes remains to be defined. It may be that the DC in lymph nodes of
naive mice come directly from the bone marrow or develop in situ from precursor cells that
do not need ICAM-1 for entry into the lymph nodes. Evidence indicates that some dendritic
cell subpopulations develop from precursor cells in lymphoid organs [19, 20]. It is possible
that these studies underestimate the total contribution of ICAM-1 since the mice used for
these experiments, which do not express wild-type ICAM-1, have been shown to express
alternatively spliced forms of ICAM-1 in various tissues following inflammatory stimulation
[21]. Although it is not clear at this time whether these proteins can promote ICAM-1-
dependent interactions /n vivo, a possible effect cannot be excluded by this study.

The inhibition of Langerhans cell migration into the regional lymph nodes is not due to a
change in the kinetic of DC migration in ICAM-1-deficient mice. The number of migratory
DC in both mouse strains peaks at 24 h and declines rapidly at 48 h after haptensensitization
while the difference between wild-type and ICAM-1-deficient animals remains unchanged.

Eur J Immunol. Author manuscript; available in PMC 2016 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xu et al.

Page 6

Migratory DC in the draining lymph nodes of both mouse strains have a short life span,

which is in accordance with previous studies indicating that mature DC are short-lived [2,
22 23]

In vivo migration assays indicated that the migration of radiolabeled DC into the draining
lymph node was reduced in the ICAM-1-deficient recipient mice compared to normal mice.
These studies not only provided additional evidence that ICAM-1 plays a key role in the
relocation of Langerhans cells to the regional lymph nodes in inflammatory conditions, but
also demonstrated that ICAM-1 on host cells, rather than on Langerhans cells, is responsible
for the altered migration. The latter is further confirmed by reduced migration of CD18-
deficient DC into draining lymph nodes of wild-type recipient animals. Obviously, neither
ICAM-1 deficiency in lymph nodes nor CD18 deficiency on DC completely abrogated the
migration of Langerhans cells to the regional lymph nodes. Both flow cytometry of hapten-
labeled Langerhans cell in the regional lymph nodes and /in vivo migration assays showed
only a partial reduction, suggesting that molecules other than ICAM-1 and CD18 play a role
in the regulation of Langerhans cell migration to regional lymph nodes.

ICAM-1 was not required for Langerhans cell migration out of the epidermis. Consistent
with previous observations, there was a decline in epidermal Langerhans cell densities after
application of hapten to the skin [24]. The magnitude of the reduction was similar in
ICAM-1-deficient and normal mice. Moreover, similar numbers of class I1-positive DC were
present in the dermis of ICAM-1-deficient and wild-type mice before and after sensitization.
The number of Langerhans cells migrating out of skin explants also exhibited no significant
difference in these two strains of mice. It is interesting that DC do not accumulate around
lymph vessels in the dermis of ICAM-1-deficient mice, suggesting that ICAM-1 is not
required for DC entry to the lymph vessels in the skin. DC reside in immature form in the
skin and maturate during migration through lymph into lymph nodes following antigen
stimulation. Different mechanisms may regulate DC migration into lymph vessels in the skin
and entry into lymph nodes since mature DC express different patterns of adhesion
molecules than immature DC. LFA-1, the ligand for ICAM-1, is not expressed on epidermal
Langerhans cells [16]. However, it can be induced during maturation and is abundantly
expressed by lymph node DC [3]. It is important to note that the bone marrow-derived DC
that were used in the /n vivo migration assay experiments reported here were stimulated with
TNF-a for maturation prior to harvest and expressed a high level of CD11a and thus were
able to engage ICAM-1 on lymphatic endothelial cells. It has been reported that blocking
VLA-6 (a6B1 integrin) with specific antibody inhibited the migration of Langerhans cells
out of the skin following hapten sensitization, suggesting that 1 integrins may play a role in
Langerhans cell migration in the skin [7]. Another factor responsible for Langerhans cell
migration out of the epidermis may be down regulation of E-cadherin expression, which
occurs following Langerhans cell activation [5, 25].

The fate of DC that migrate out of the skin but unable to enter into the regional lymph nodes
in ICAM-1-deficient mice following antigen stimulation remains to be defined. Our
assumption is that these DC either migrate through blood vessels to the spleen or die in the
lymph due to the absence of contact with T cells. It is known that activated DC have short
life span in the absence of help signals from activated T cells. CD40L and TRANCE that are
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expressed by activated T cells have been demonstrated to regulate DC maturation and
survival [23, 26—28]. Obviously, more studies are required to clarify these issues.

A lack of ICAM-1 did not impair Langerhans cell migration into the epidermis, since normal
concentrations of Langerhans cells were found in the epidermis of ICAM-1-deficient mice
and the magnitude and Kkinetics of the repopulation of Langerhans cells into the epidermis
after hapten application was virtually the same in the two strains. Migration into the skin is
likely to be mediated by other adhesion molecules, such as P- and E-selectin, which were
reported to regulate the migration of Langerhans cells into inflammatory sites in the skin [6].
The lack of an effect of ICAM-1 expressed by Langerhans cells on their migration does not
mean that it does not important role in the pathogenesis of contact hypersensitivity. It has
been shown that ICAM-1 on antigen presenting cells is important for them to adhere to and
to activate T cells [29, 30]. In this way, Langerhans cell ICAM-1 may participates in allergic
contact hypersensitivity reactions.

In summary, this study indicates that ICAM-1 plays a role in the migration of DC into
regional lymph nodes following antigen stimulation. The incomplete inhibition of DC
migration into lymph nodes in ICAM-1-deficient mice suggests that other adhesion
molecules are also involved in the process. ICAM-1 has a minor effect on the migration and
distribution of DC in the skin, indicating different mechanisms for DC migration in the skin
and lymph nodes.

4 Materials and methods

4.1 Mice and reagents

C57BL/6 wild-type mice were purchased from Charles River Laboratories. The ICAM-1
knockout mice used in these studies were back-crossed 12 generations onto the C57BL/ 6
strain background [15]. CD18 null mice have been previously described [31]. Mice were
maintained in the University of Alabama at Birmingham animal care facility in accordance
with the animal protocol approved by the IACUC.

The hybridomas GK1.5 (anti-CD4), Lyt-2 (anti-CD8), AF6-120.1 (anti-laP), 2.4G2 (anti-
CD16/32) and N418 (anti-CD11c) were purchased from the ATCC. The antibodies were
purified from culture supernatants by affinity chromatography through a protein-G-coupled
Sepharose column (Gamma-Bind Plus, Pharmacia). The purified N418 antibody was
biotinlynated in our lab according to the manufacturer’s instructions (Sigma). Fluorescence-
labeled anti-CD4, CD8, TCR chain, laP and ICAM-1, B220, B7-1, and isotope matched
control antibodies were purchased from PharMingen. FITC- or PE-labeled streptavidin was
from PharMingen.

GM-CSF and IL-4 were obtained from Sigma, and TNF-a from Genzyme.
Dinitrofluorobezene (DNFB) and fluorescein isothiocyanate (FITC) were from Sigma.

4.2 Generation of bone marrow-derived DC

Bone marrow-derived DC were prepared as described [32]. Briefly, bone marrow cells were
taken from femurs and tibias. Red blood cells were lysed with ACK buffer. The cells were
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incubated with a cocktail of antibodies against 1a°, CD45R/B220, Lyt-2 and GK1.5 (2
1g/108 cells) on ice for 1 h and washed once with HBSS. Cells were suspended in 7 ml
RPMI 1640 medium with 1 ml of 1 M Hepes buffer, 1 ml of 3% BSA and 1 ml Low-Toxin
rabbit complement (Accurate Chemical & Scientific Corporation) and incubated at 37°C for
1 h. Cells were washed once with HBSS and cultured in 10% FCS RPMI 1640 media
supplemented with recombinant mouse GM-CSF (10 ng/ml) and IL-4 (10 ng/ml) in 24-well
plates (5x10° cells/well). On day 6, half of the medium was replaced with fresh medium and
recombinant mouse TNF-a was added at 100 U/ml. The cells were harvested on the
following day for use.

4.3 Immunohistochemical staining of epidermal Langerhans cells

Mice were painted with 5 pl of 0.5% DNFB on the dorsal side of ears and killed at the
indicated times for staining of epidermal Langerhans cells. The preparation and staining of
epidermal Langerhans cells were performed as published with minor modifications [33].
Briefly, the dorsal ear skin of sensitized or naive mice was taken and incubated with the
dermal side down in 0.5 M ammonium thiocyanate at 37°C for 20-30 min. The epidermal
sheets were separated from the dermis and fixed immediately in cold acetone for 10 min.
The epidermal sheets were rehydrated in PBS for 60 min and incubated in the blocking
buffer (50 ug/ml 2.4G2 and 0.5% BSA in PBS) for 30 min at room temperature. After one
wash, biotinylated anti-1aP antibody was added at 1 pg/ sheet and incubated overnight on a
shaker at 4°C. The sheets were then washed three times in PBS at room temperature.
Streptavidin-FITC (1:100, 200 pl/sheet) was added and incubated on a shaker at room
temperature for 2 h. After washings as described above, epidermal sheets were mounted on
slides with 90% glycerol. Three photographs were taken from each epidermal sheet using a
Leiz microscope connected to a digital camera and saved in a computer with the IP
Spectrum software. The result was evaluated with Photoshop. The humber of positive cells
was counted on each photograph and the mean positive cell number/mm? was calculated for
each experimental group with at least six mice per group.

4.4 Immunohistochemical staining on skin tissue sections

Hapten treated skin tissues were taken at 4 h after hapten sensitization with 0.5% DNFB and
frozen immediately in liquid nitrogen. Frozen sections (5 pm thick) were fixed in cold
acetone for 10 min and rehydrated. After incubation with blocking buffer as described for
staining epidermal sheets, sections were then incubated with biotinylated anti-la® antibody
(1 pg/section) for 60 min followed by streptavidin-peroxidase (1:200) for 60 min at room
temperature. The reaction was visualized by adding 3,3’-diaminobenzidine as substrate
(Sigma, Fast DAB Tablet Sets). Sections were counter stained with hematoxylin and
photographed under microscope.

4.5 Flow cytometry analysis

For examining hapten-labeled Langerhans cells in the draining lymph nodes, mice were
painted with 200 | 0.5% FITC on the shaved abdomen and killed 22—24 h later. The draining
inquinal and axillary lymph node cells were stained with anti-CD11c antibody N418 for
Langerhans cells as described [34]. Briefly, up to 108 cells were incubated at 4°C for 30 min
with 200 pl blocking buffer containing 50 pg/ml anti-CD16/CD32 antibody (2.4G2, ATCC)
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and 5% FCS to block Fc receptor and nonspecific binding. After one wash, biotinylated
N418 antibody (2 pg/sample) was added and incubated at 4°C for 30 min. The cells were
then washed three times and incubated with PE-labeled streptavidin (1:100 diluted, 100 pl/
sample) at 4°C for 30 min. The cells were washed three times and then fixed in 1% formalin.
Thirty thousand events were collected in a FACSCalibur with the software CellQuest
(Becton Dickinson). The data was analyzed with the software WinMDI 2.8. Naive mice
were used as a negative control. FITC-positive cells were hapten-labeled cells and PE-
positive cells were DC. The double-positive cells represented hapten-labeled Langerhans
cells. The quadrants were set to calculate the percentage of each cell population.

To characterize the bone marrow-derived DC preparation, cells were stained with FITC- or
PE-labeled CD4, CD8, B220, TCR, ICAM-1, LFA-1, B7, Ia°, N418 and isotope matched
control antibodies. The cells were measured in a FACSCalibur and data were analyzed with
the software WinMDI 2.8.

4.6 DC migration out of skin explants

This was performed as described previously with modifications [33]. Briefly, the dorsal side
of mouse ears was painted with 5 pl 0.5% DNFB and harvested 2 h later. The hapten treated
dorsal skin was peeled off and placed on the top of RPMI 1640 medium with 10% FCS in
24-well tissue culture plates with one ear/well. The migratory cells were harvested and
counted after cultures. The peak number of migratory cells was observed at 3 days. Cells in
suspension consisted of about 70% CD11c* DC. The treatment of ears with hapten increased
the yield of migratory cells two to three times.

4.7 DC migration assay

Bone marrow-derived DC contained >90% N418* cells. 2x107-3x107 cells were labeled
with 400 uCi 1Cr (Amer-sham) at 37°C for 60 min and washed three times in medium. One
million cpm (about 10° cells) in 50 ul PBS were injected into the left footpad of mice
anesthetized with pentobarbital and the mice were killed 16-18 h later. The draining
popliteal lymph node, the tissue around the LN and the injected foot were collected for
measurement of cpm in a gamma counter (Wallac). Approximately, 20% of the injected
radioactivity was recovered from the injected foot and about 0.5% was found in the draining
lymph node. The cpm of the surrounding tissues was usually lower than 5% of that of the
draining LN.

The migration index was calculated according to the following formula: migration index =
(cpm of LN—cpm of surrounding tissues)/cpm of injected foot.

4.8 Statistical analysis

The difference in the migration index between experimental groups was analyzed with the
Student’s #test with p < 0.05 considered being statistically significant.
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Fig. 1.

Flow cytometry analysis on hapten-labeled and resident DC in the regional lymph nodes of
ICAM-1-deficient and wild-type mice. Lymph node cells of FITC-sensitized or naive mice
were stained with PE-labeled CD11c (N418) or control antibodies. The profiles indicate
N418(PE)* resident DC (upper left), hapten FITC-labeled cells (lower right), and PE/FITC-
double-positive cells (upper right). The bar graphs indicate the average percentage of the
positive cells in each experimental group with at least six mice. The statistical analysis
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indicates that the number of FITC-positive and FITC/PE-double-positive cells was
significantly reduced in hapten-sensitized ICAM-1-deficient mice (p < 0.05).
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Fig. 2.

In?munohistochemical staining of epidermal Langerhans cells. The epidermis of naive or
hapten-treated ICAM-1-deficient and wild-type mice was stained with FITC-labeled anti-IaP
antibody. The photos indicate MHC class 1™ Langerhans cells in the naive and hapten-
treated epidermis at 4 or 24 h following hapten application. The bar graphs indicate the
average number of MHC class II* Langerhans cells per mm? in each experimental group
with six mice. The difference between wild-type C57BL/6 and ICAM-1-deficient mice is not
statistically significant at the indicated times.
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Fig. 3.

Ti?e effect of ICAM-1 deficiency on DC migration out of the skin. (A)
Immunohistochemical staining on skin cross-sections with anti-1a° antibody. Mice were
sensitized with hapten and the skin was taken 4 h later to prepare frozen cross-sections. The
photos show representative results of four mice in each group. (B) DC migration out of skin
explants in cultures. Mice were sensitized on ears and hapten-treated skin samples were
taken 2 h later and placed in cultures. The migratory cells were harvested and counted 3
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days after the culture. The result shows the total cell number from five mice (ten ears) of
each group.
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Migration Index

02 4 6 681012141618

In vivo migration assay for determination of DC migration into the regional lymph node.
Bone marrow-derived dendritic cells were used for the /7 vivo migration assay. (A) The
phenotype of bone marrow-derived DC from C57BL/6 and ICAM-1 knockout mice. (B) The
migration index of >1Cr-labeled DC in the draining popliteal lymph node at 18-20 h after
injection. The migration index is calculated as described in Sect. 4 and the bar graph shows
the data of eight mice in each group. The difference in the migration index between
C57BL/6 and ICAM-1-deficient recipient mice is significant (v < 0.05) regardless of donor

DC.
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The effect of CD18 deficiency on DC migration into regional lymph nodes. Bone marrow
DC from wild-type and CD18-deficient mice were generated, labeled with 51Cr and injected
into naive wild-type mice. The migration index of DC in the draining popliteal lymph node
at 18 h after injection is exhibited. The result is representative of two experiments with six
mice in each group.
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Table 1

Kinetics of Langerhans cell migration into draining lymph nodes?

Mice Positive cell number/Lymph node (x 10%)
24 h 36 h 48 h

C75BL/6 12.6 £0.25 11.7+16 6.8 +0.65

ICAM-1Ko 8.8 +0.25 9.25+0.9 4.6 +1.05

a),

analysis of N418™ FITC-labeled DC.
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Wild-type and ICAM-1-deficient mice were painted with fluorescent hapten on the shaved skin and the draining lymph nodes were harvested for
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