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Abstract

Langerhans cells (ILCs) capture irritant substances in the skin, and then L.Cs migrate to the lymph nodes for presenting anti-

gens. For investigating this, we used mites antigen labeled with PKH26 dye in atopic model NC mice for patch testing, The
readings of skin reactions were done at 0.5, 1, 3, 6, 9, 24, 48, 72 and 168 hours after the patch testing, At 24-, 48-, 72- and
168-hour, some L.Cs expressed PKH26 dye were observed in the sinus, T-cell area and marginal area of the regional lymph

nodes. The B-cell areas of these lymph nodes were shown as dark and round-shaped at the same time points. By electron

microscopy, we found rod-shaped BGs (atypical granules) in the Golgi area of these lymph nodes. We recognized again and

showed that L.Cs with antigen migrate to the lymph nodes.
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Introduction

Dendritic cells (DCs) exist in the lymph nodes, tonsils, blood ves-
sels, lymph vessels, liver, skin, and other tissues for playing es-
sential roles in immune systems. The kinds of DCs are Dermal
Dendritic cells (DDCs), Langerhans cells (IL.Cs) in the skin, Inter-
digitating Dendritic cells (IDCs) in the paracortical area, and Fol-
licular Denderitic cells (FDCs) in the germinal center area.

LCs are antigen-presenting cells (APCs) in the skin that compose
about 3-5% of the epidermis [1]. LCs ate originated from bone
marrow, and LCs have some granules possessing abilities of mi-
gration |2, 3]. LCs seems to play a redundant function in contact
hypersensitivity [4]. In chronic contact hypersensitivity, presenting
applied hapten to T cells require LCs [5]. When irritant substances
go into the skin, L.Cs capture the irritant substances and migrate
to the draining lymph nodes as they mature, and then L.Cs present

the irritant peptide to T cells [6-9]. Now, CXCR4 [10], CCR7 [10]
MDR-1 [11], IL-1B [12, 13] and TNF-a [13] ate known as related
factors for migration and maturation of LCs.

For studying the destination of migration, we used atopic model
mice (NC mice) and a Dp (mite) antigen. NC mice (Figure 1) are
nishiki-nezumi with a cinnamon color; they develop dermatitis
similar to atopic dermatitis (AD) from 5-8 weeks of age under
conventional citcumstances |14, 15]. NC mice ate considered an
animal model of AD based on histological findings of the skin,
laboratory findings and skin barrier function [14-16]. Mites are
one causative factor of AD. Previous reports described that an
IgE-mediated Type I allergy to one kind of mites contributed
to the development of AD-like skin eruptions on NC mice [17,
18]. Our studying showed that not only IgE-mediated immediate
allergy but also delayed-type hypersensitivity to the mites would
also be partly responsible for the skin eruptions in NC mice [17,
18]. We conducted patch testing, which is a frequently used for
identifying delayed-type hypersensitivity (Type 1V) allergic skin
reactions.
Figure 1.

Materials and Methods

For patch testing, we used Dp (mites) antigen (a mixture of Der-
matophagoides pteronyssinus and Dermatophagoides pteronyssing) labeled
with PKH26 dye (ZYNAXIS CELL SCIENCE INC., Malvern,
PA, USA) in six NC mice. The readings of skin reactions were
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done at 0.5, 1, 3, 6, 9, 24, 48, 72 and 168 hours after the patch
testing according to Draize’s criteria [19]. All six of the NC mice
showed positive reactions at the 24- to 72- hour readings, dem-
onstrating that the NC mice obtained delayed-type hypersensi-
tivity to the mites. We obtained some skin specimens from the
patch-testing sites and regional lymph nodes (inguinal and axial)
at each reading time point. We fixed these skin and lymph nodes
in acetone at 4°C, and processed in acetone methyl benzoate
xylene (AMeX). We cut them at 2-4um, and stained by hema-
toxylin-eosin. We used PKC (protein kinase Type C) -II [20] as
a marker for LCs by immunohistochemical demonstration. Im-
munohistochemical study performed using the avidin-biotin-
peroxidase complex (ABC: Vectastain ABC kit, Vector Lab. Inc.,
Burlingame, CA, USA) method and indirect methods. For elec-
tron microscopically studying, small skin specimens were fixed
in a mixture of 2.5% glutaraldehyde and 2% paraformaldehyde
in 0.1N-cacodylate buffer, and then post-fixed in 2% osmium te-
troxide buffered with phosphate buffer. We cut these specimens
with a diamond knife on LKB ultratome, and stained with uranyl
acetate and lead citrate. We examined with a Jeolco 100 CX elec-
tron microscope.

Then we homogenate the small skin specimens by the glass
and ultrawave-homoginator with the ISOGEN-LS (Wako Pure
Chemical Industries Ltd., Osaka, Japan) and stored for 5minutes.
And then we centrifuged subjects at 12K X g, 10 minutes, 4°C. The
aqueous phase was submitted to estimate the protein of GM-CSF
(R & D Systems Inc., MN, USA) by western blotting,

Dates of LCs in the epidermis were presented as means * SD.
Patch testing site with Dp and white petrolatum at 48 and 72
hours were compared statistically by student’s t-test. P < 0.05
were considered significant.

Results and Discussion

Skin changes were observed as eosinophils and lymphocytes infil-
trating into the epidermis and dermis at the 3-hour reading sites.
Histological examinations at 48- and 72-hour readings revealed
the perivascular infiltration of many lymphocytes and some mast
cells in the upper dermis, intracellular edema of the epidermis,
lymphocyte infiltration to the epidermis, and liquefaction-degen-
eration of the basal layer.
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We also investigated L.Cs in an immunohistochemical study using
protein kinase C-II (PKC-II) staining as a marker of LCs [20].
Weinlich reported that an insignificant decrease of 10-20 % LCs
at one hour after application of contact allergens was evident [21].
The results of our immunohistochemical study showed that I.Cs
had migrated to the dermis at the 1-hour readings, and that type
IV allergic skin reaction started from at least 0.5—1 hour. Very few
LCs (significantly decreased) were noted in the epidermis at the
48- (by 13.7%; p < 0.05) and 72-hour readings sites (by 17.6%; p
< 0.05) compared to the negative control at the same time points
(Table 1). The number of L.Cs increased from 72 hours, and many
LCs in the skin were replenished from bone marrow at the 168-
hour sites (Table 1).

At 24-, 48-, 72- and 168-hour, some LCs expressed PKH26 dye
were observed in the sinus, T-cell area (Figure 2a) and marginal
area (Figure 2b) of the regional lymph nodes. The B-cell areas of
these lymph nodes were shown as dark and round-shaped (Figure
2a) at the same time points. Kobayashi [22] reported that LCs
with Birbeck granules (BGs) migrated into the paracortical area
of draining lymph nodes following the injection of sterile saline
into the skin. Kripke [23] reported that Ia- and FITC-positive cells
from the skin, at least some of which were L.Cs, left the skin af-
ter epicutaneous sensitization with FITC and participated in the
initiation of a contact hypersensitivity reaction within the regional
lymph nodes. In chronic contact hypersensitivity, presenting ap-
plied hapten to T cells require L.Cs [5]. Thus we demonstrated
that LCs with irritant peptide migrate to the lymph nodes, mar-
ginal, sinus and T cell area, by using delayed hypersensitivity skin
reactions.

The features of LCs are racket-shaped Birbeck granules (BGs)
and rod-shaped atypical granules. These are cytoplasmic granules
in the Golgi area; their functions are unknown. Shamoto reported
that atypical granules were present in immature L.Cs [24]; Shamo-
to noted that atypical granules are going to turn into BGs with the
maturation of LCs [24]. By electron microscopy, we found that
PKC-II positive cells labeled with PKH26 dye in the lymph nodes
had rod-shaped BGs that had triple-layered limiting membrane in
the Golgi area. Some LL.Cs with atypical granules were observed in
the regional lymph nodes (arrowhead) (Figure 3). Considering the
results of the above-desctibed PKC-II and PKH26 studies, it is
apparent that the time point at which LCs bearing antigens started
to migrate from the skin to the T-cell areas of lymph nodes was
within 3 hours, and the replenishment period for the L.Cs might

Table 1. LCs number and GM-CSFE.

140
120
100
80
60
40
20
O on 050 1h
LCs (number/1000 nuclear cells) 122 125 115
GM-CSF (Volume) 0.796 1.3 242

3h
125
3.15

Gh 9h 24h 48h 72h 168h
93 123 113 17 25 133
339 321 4.31 6.02 212 237
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Figure 2.
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Figure 3. Atypical Granules (Arrow)

be from 72 to 168 houts.

In our study, LCs with atypical granules were observed in the
lymph nodes at an eatly time point, most likely because the NC
mice that were used have dry skin and are always stimulated by
antigens; the LCs of these mice processed antigens quickly (the
migration speed was about 1lcm/ht.) and they migrated with mat-
uration.

Cytokines produced by T cells stimulate eosinophils, mast cells,
and lymphocytes. Then these cells produce some cytokines and
chemical mediators, and then degranulation from these cells am-
plifies allergic skin reactions. One essential factor in the viability
and function of LCs is granulocyte-macrophage colony-stim-
ulating factor (GM-CSF) [25]. Dermatophagoides farina (Def
1) may be related with allergic reaction by inducing production
GM-CSF in keratinocytes [260]. When foreign substances contact
to the skin, these substances stimulate keratinocytes. GM-CSE,
which is produced by activated keratinocytes, causes the matura-
tion and migration of LCs. Our studying showed that the volume
of GM-CSF in the patch-testing sites increased with time and
the peak was at a 48-hour site (Table 1). LCs migrate from the
skin via lymph vessels [27], and these cells go to the lymph nodes
with maturation. These migration and maturation are caused by
GM-CSE

Conclusion

Not only LCs migrate from the skin via lymph vessels but also the
destination of L.Cs migration is to the lymph nodes for presenting
antigens.
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