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1. Denditic cells (DC) and Langehans cells (LC) 
are activated in the initiation phase of allergic 
contact haypersensitivity reaction 
 
It is well known that, although DC are the most 
potent antigen presenting cells for helper T cells as 
well as cytotoxic T cells among various antigen 
presenting cells (Steinman 1991), they reside in 
non-lymphoid organs and show extremely active 
endocytosis as well as antigen-processing but weak 
antigen presenting functions (Romani et al. 1989). 
In response to stimuli derived from microorgan-
isms, like those through toll-like receptors, these 
precursor DC migrate to T cell zones of lymph 

nodes (Macatonia et al. 1987; Kripke et al. 1990) 
and become mature into effective antigen present-
ing cells (APCs) by ceasing endocytosis as well as 
the antigen-processing function, but by stabilizing 
the expression of class II-peptide complexes 
(Stossel et al. 1990; Kampgen et al. 1991) and in-
creasing the expression of CD80 or CD86 (Romani 
et al. 1989; Symington et al. 1993; Girolomoni et 
al. 1994; Ozawa et al. 1996). The immune system 
also responds to simple chemicals. Therefore, it is 
reasonable to speculate that DC are activated in the 
initiation phase of allergic contact dermatitis (Fig. 
1). However, it is still controversial how DC are 
activated by simple chemicals. 
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Abstract 
In the allergic contact hypersensitivity, the chemical penetrates into the viable layers of the epidermis
and into the various cells therein. At these sites, the chemical must react with carrier protein or peptide
to form a T cell epitope as well as activate Langerhans cells (LC). The reaction of haptens with pro-
teins is either covalent or non-covalent, such as by forming a coordination complex. Meanwhile, hap-
tens activate LC.  Although the mechanism by which hapten activates LC is still controversial, it is
accepted that LC must be activated in the initiation phase of allergic contact hypersensitivity reaction.
The activated LC with augmented expression of various co-stimulatory molecules and increased pro-
duction of proinflammatory cytokines start to migrate via the afferent lymphatics to the draining
lymph nodes where they present hapten to naïve T cells. To migrate to the lymph nodes, LC
down-regulate E-cadherin which functions in anchoring LC in the epidermis, produce MMP-9 that is
required for passing through the basement membrane, and increase their expression of chemokine re-
ceptor CCR7 that induces the migration toward CCL-19 (MIP-3) and CCL-21 (SLC). Our current
and ultimate challenge is developing non-animal test methods which can predict a chemical's skin sen-
sitization potential in vitro. For that purpose, it is crucial to understand the mechanism of allergic con-
tact hypersensitivity, especially, its initiation phase. In this review, I have focused on the current un-
derstanding regarding the mechanism of activation of LC in the initiation phase.  
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DC: dendritic cells   DNCB: 2,4-dinitrochlorobenzene 
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SAPK/JNK: stress-activated protein kinase/ c-jun N-terminal kinases 
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Figure 1. 
The scheme of allergic contact hypersensitivity reaction 

Figure 2. 
Hapten (trinitrochlorobenzene, TNCB) activates murine LC. 
Direct immunofluorescence of epidermis showing I-A-bearing cells (stained with 12.2.16) in
controla skin and in skin painted with 3% TNCB. 
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We have reported that murine LC up-regulate 
their expression of class II MHC antigen and anti-
gen presenting function after hapten painting to the 
skin, whereas chemicals that simply irritate the 
skin rather than sensitize animals cannot induce 
this phenomenon (Fig. 2)(Aiba and Katz 1990). 
Afterwards, we demonstrated that the application 
of haptens to murine skin was accompanied by the 
up-regulation of several co-stimulatory molecules 
on LCs, i.e., CD40, CD54, CD80, and CD86 
(Ozawa, Nakagawa et al. 1996). In addition, Enk et 
al. (Enk and Katz 1992) demonstrated a crucial 
role played by IL-1 secreted by LCs themselves 
in their increased expression of class II MHC anti-
gen after exposure to hapten application.  
 
2. DC are activated by haptens in vitro 
In addition to these in vivo studies, using human 
monocyte-derived DC (MoDC), we (Aiba et al. 
1997) demonstrated in vitro that purified MoDC 
responded to haptens such as NiCl2 and DNCB, 
but not to irritants such as benzalkonium chloride 
(BC) or sodium lauryl sulfate (SLS), by signifi-

cantly augmenting their expression of CD54, 
CD86, and HLA-DR and by increasing their pro-
duction of proinflammatory cytokines (Fig. 3). 
Furthermore, using Langerhans cell-like DC in-
duced from peripheral blood monocytes in the 
presence of transforming growth factor 1 
(TGF-1), GM-CSF, and IL-4 (MoLCs) according 
to a procedure reported by Geissman et al.  
(Geissmann et al. 1998), we have shown that in 
vitro treatment with haptens can induce the pheno-
typic and functional changes in MoLCs seen in 
epidermal LCs during the initiation phase of con-
tact hypersensitivity reaction in vivo (Aiba et al. 
2000), e.g., the down-regulation of E-cadherin 
(Schwarzenberger and Udey 1996) and CLA (Eb-
ner et al. 1998), the induction of MMP-9 expres-
sion (Kobayashi 1997), and the augmentation of 
some of �1-integrins (Staquet et al. 1992; Aiba et 
al. 1993), CD44 and some of its variants (Weiss et 
al. 1997), as well as the expression of CCR7 
mRNA that enable LCs to respond to 
MIP-3�(Dieu et al. 1998; Sallusto et al. 1998; 
Saeki et al. 1999). 

 Figure 3. 
The treatment with NiCl2 or DNCB augment the expression of CD86 on cultured monocyte-derived DCs.
CD1a+ DCs were cultured with or without several chemicals for 2 days. Their surface phenotypes were
analyzed by flow cytometry. Data are expressed in the form of a fluorescence histogram overlay depicting
the staining of cells treated with specific chemicals (thick solid line), that without any chemicals (shaded
curve), and the negative control staining (dotted line). (Reproduced from (Aiba, Terunuma et al. 1997)) 
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3. p.38 mitogen-activated protein kinase plays a 
principal role in the activation of DC 
 
In spite of these observations, however, it is still 
unknown how different haptens can stimulate 
MoDC to acquire a mature phenotype. So far, there 
have been few reports on the signal transduction 
elements stimulated by haptens. Kuhn et al. (Kuhn 
et al. 1998) demonstrated that strong sensitizers 
could induce the formation of phosphotyrosine in 
MoDC in vitro, suggesting that tyrosine phos-
phorylation plays an important role in the activa-
tion of MoDC by haptens. Recently, Ardeshna et al. 
(Ardeshna et al. 2000) have reported the precise 
mechanisms for the survival and maturation of 
MoDC stimulated by LPS. According to their re-
port, both p38 MAPK and NF-B signal transduc-

tion pathways are responsible for the up-regulation 
of CD80, CD83, and CD86 induced by LPS, while 
PI3 kinase is important in maintaining their sur-
vival. Therefore, it is conceivable that haptens also 
stimulate p38 MAPK, NF-B, or PI3 kinase. In 
fact, using MoDC, Arrighi et al. (Arrighi et al. 
2001) have reported that 2,4-dinitrofluorobenzene 
(DNFB) and NiSO4 induce p38 MAPK phos-
phorylation, and that the augmentation of CD80 
and CD83 induced by NiSO4 is partially sup-
pressed by p38 MAPK inhibitor.  
 

We also examined the role MAPKs and 
NF-B in the signal transduction of DC stimulated 
with two representative haptens, i.e., NiCl2 and 
DNCB (Aiba et al. 2003). Human mono-
cyte-derived DC stimulated with DNCB induced 
the phosphorylation of p38 and SAPK/JNK, while 
NiCl2 induced that of p44/42 ERKs, p38, and 
SAPK/JNK (Fig. 4). In addition, NiCl2 phos-

phorylated IB and activated NF-B. In contrast, 
primary irritants, e.g., benzalkonium chloride, or 
sodium lauryl sulfate, did not activate these signal 
transduction pathways. By using specific inhibitors 
for ERKs and p38 pathways, PD98059 and 
SB203580, respectively, we demonstrated that the 
augmentation of CD86, HLA-DR, and CD83, and 
the production of IL-8 along with its increased 
mRNA expression in MoDC stimulated with 
DNCB, and the augmentation of CD83 and the 
IL-12p40 production in MoDC stimulated with 
NiCl2, were suppressed by SB203580, while 

PD98059 suppressed the production of IL-1 and 
TNF-, together with their increased mRNA ex-
pression by MoDC treated with NiCl2. On the 

other hand, in spite of the activation of NF-B by 
MoDC stimulated with NiCl2, NF-B inhibitor did 
not significantly affect the phenotypic and func-
tional changes in the activation of MoDC. These 
data indicate that NiCl2 and DNCB stimulate dif-
ferent signal transduction pathways in MoDC, and 
subsequently induce different phenotypic and 
functional changes in them. 
 
4. p38 mitogen-activated protein kinase is acti-
vated by the redox inbalance induced by hap-
tens 
 
Next, we examined the mechanism of p38 MAPK 
activation by sensitizers. Recently, it has been 
demonstrated that changes in the intracellular re-

 

Figure 4. 
Haptens induce phosphorylation of MAPKs in
MoDC.  
MoDC were either unstimulated or stimulated
with different concentrations of BC, NiCl2,
DNCB, or 10 ng/ml of LPS for 1 h. MoDC were
also cultured with 0.1% of DMSO as a solvent
control. Immunoblotting of phosphorylated
ERK1/2, SAPK/JNK, or p38 MAPK was per-
formed using ERK1/2, SAPK/JNK, and p38
MAPK immunoblotting kits. Blots were devel-
oped with HRP-conjugated secondary Abs and
visualized by enhanced chemiluminescence. To
ensure similar amounts of MAPKs for each sam-
ple, the same membrane was stripped off and
reprobed with mAbs to ERK1/2, SAPK/JNK, or
p38 MAPK. (Reproduced from (Aiba, Manome et
al. 2003)) 
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duced/oxidized glutathione ratio (GSH/GSSG) are 
crucial reduction-oxidation (redox) events, which 
transduce oxidative stress into the modulation of 
MAPKs and various transcription factors related to 
growth, differentiation, and death (Schafer and 
Buettner 2001) (Nordberg et al. 1998). Among 
MAPKs, p38 MAPK has been demonstrated to be 
phosphorylated by oxidizing conditions via ASK1 

modulation (Saitoh et al. 1998). 
Therefore, we hypothesized that 
sensitizers induce redox or oxida-
tive stress in DC, which subse-
quently stimulates p38 MAPK. 
Accordingly, we measured the ratio 
of the oxidized (GSSG) vs. reduced 
(GSH) form (GSH/GSSG) of cel-
lular glutathione in MoDC stimu-
lated with various concentrations of 
sensitizers such as NiCl2, MnCl2, 
2,4-dinitrochlorobenzen (DNCB), 
thimerosal, and formaldehyde 
(HCHO), and non-sensitizers such 
as ZnCl2, sodium lauryl sulfate 
(SLS), and benzalkonium chloride 
(BC). GSH and GSSG were meas-
ured using colorimetric assays. The 
results clearly demonstrated that all 
the sensitizers at sublethal 
concentrations, but none of the 
non-sensitizers, reduced the 
GSH/GSSG ratio in MoDC (Fig. 5), 
which was accompanied by phos-
phorylation of p38 MAPK. In addi-
tion, treatment with the antioxidant, 
N-Acetyl-L-cysteine (NAC), which 
suppressed the reduction of the 
GSH/GSSG ratio in MoDC, abro-
gated both the phosphorylation of 
p38 MAPK and the augmentation 
of CD86 expression by MoDC. We 
also examined the GSH/GSSG ra-
tio in a human monocyte cell line, 
THP-1, after stimulation with the 
chemicals. Again, all the sensitizers 
except for HCHO at sublethal con-
centration reduced the GSH/GSSG 
ratio in THP-1, while none of the 
non-sensitizers did. Unexpectedly, 
HCHO reduced the GSH/GSSG 
ratio in MoDC, but not in THP-1. 
This finding, in conjunction with 
the observation that DNCB and 
NiCl2 reduced the GSH/GSSG ra-

tio at different kinetics, indicated that the sensitiz-
ers reduced the GSH/GSSG ratio by different 
mechanism. These data suggest that the 
GSH/GSSG imbalance plays a crucial role in trig-
gering DC maturation by sensitizers, and that 
measuring the GSH/GSSG ratio can be a novel 
method to predict sensitizing chemicals. 

 
Figure 5.  

Contact sensitizers, but not non-sensitizers, at sublethal concen-
trations decreased the GSH/GSSG ratio in MoDCs. 
MoDCs were either unstimulated or stimulated with three con-
centrations of contact sensitizers, NiCl2, MnCl2, DNCB, HCHO,
and thimerosal, or non-sensitizers, ZnCl2, SLS and BC for 2 h.
The three concentrations of each chemical consisted of a lethal
concentration, sublethal concentration, and 1/3 of the sublethal
concentration. Intracellular GSH and GSSG were measured using
colorimetric assays by the GSH reductase-DTNB recycling pro-
cedure. The relative GSH/GSSG ratio was calculated by the fol-
lowing formula. The relative GSH/GSSG = the GSH/GSSG ratio
in MoDCs treated with chemicals/ that in non-treated MoDCs.
The mean±SEM of the relative GSH/GSSG ratio was deter-
mined from more than 3 independent experiments. Asterisks in-
dicate significance (**: p < 0.01, *: p < 0.05) for the difference
between stimulated cells and the non-treated control. 
 



Aiba S, Langerhans cell activation by haptens, AATEX 11(1), 49-58, 2005. 

 54

5. The role of ATP released by hapten-treated 
keratinocytes in the activation of DC 
 
Nucleotide, such as ATP or ADP, release can be 
triggered by various environmental stimuli, in-
cluding mechanical shear forces, stretch, changes 
in osmolarity, oxidative stress, and microbial 
products (Lazarowski et al. 1997; Roman et al. 
1997; Cotrina et al. 1998; Hamada et al. 1998; 
Mitchell et al. 1998; Ferrari et al. 2000; Imai et al. 
2000). Recenlty, Mizumoto et al (Mizumoto et al. 
2003) have reported that various irritant chemicals 
induce ATP release from keratinocytes. Extracellu-
lar nucleotides, in turn, bind to the purinergic type 
2 receptors and regulate cell death, growth, differ-
entiation, migration, and cytokine production (Wil-
liams and Jarvis 1988; Ralevic and Burnstock 
1998; Williams and Jarvis 2000; la Sala et al. 
2003). DC also express a variety of purnergic re-
ceptors and respond to ATP by increasing mem-
brane expression of CD54, CD80, CD86, and 
CD83, slightly reducing the endocytic activity of 
DC, and augmenting their capacity to promote pro-
liferation of allogeneic naive T lymphocytes. 
Moreover, ATP enhances LPS- and soluble CD40 
ligand-induced CD54, CD86, and CD83 expres-
sion (la Sala et al. 2001) On the other hand, ATP 
markedly and dose-dependently inhibites LPS- and 
soluble CD40 ligand-dependent production of 
IL-1, IL-, TNF- , IL-6, and IL-12, whereas 
IL-1 receptor antagonist and IL-10 production is 
not affected. As a result, T cell lines generated 
from allogeneic naive CD45RA(+) T cells primed 
with DC matured in the presence of ATP produced 
lower amounts of IFN- and higher levels of IL-4, 
IL-5, and IL-10 compared with T cell lines ob-
tained with LPS-stimulated (la Sala, Ferrari et al. 
2001; Wilkin et al. 2001). Grabbe et al (Grabbe et 
al. 1996) demonstrated previously that skin irrita-
tion is a required feature of reactive haptens for 
producing allergic contact hypersensitivity re-
sponses. Indeed, Mizumoto et al (Mizumoto, 
Mummert et al. 2003) have demonstrated that dini-
trofuorobenzene, a representative hapten, induces 
ATP release from keratinocytes. So, ATP released 
by keratinocytes treated with haptens may contrib-
ute the activation of LCs in the initiation phase of 
allergic contact hypersensitivity reaction. 
 
6. The role of low molecular weight of hyalu-
ronan (HA) in the activation of DC 
 
Hyaluronan (HA) is well known as a constituent of 

connective tissue extracellular matrices, but more 
recent studies have also demonstrated its abun-
dance in stratified squamous epithelia including 
the epidermis. In contrast with connective tissue 
extracellular matrices that contain mixtures of col-
lagens, fibronectins, other multiadhesive glyco-
proteins, proteoglycans, and hyaluronan, hyalu-
ronan is the only known extracellular matrix mac-
romolecule present in high concentration, ~2 
mg/ml, in the small extracellular space between 
adjacent keratinocytes that form the epidermis 
(Tammi et al. 1998). 
 

Recently, Termeer et al (Termeer et al. 2000) 
have demonstrated that only small HA fragments 
of tetra- and hexasaccharide size (sHA), but not of 
intermediate size (m.w. 80,000 –200,000) or high 
m.w. HA (m.w. 1,000,000–600,000) induced 
maturation of human monocyte-derived DC with 
up-regulation of HLA-DR, CD80, CD86, and 
CD83, and increased production of IL-1, TNF-, 
and IL-12 as well as their allostimulatory capacity. 
These effects were highly specific for sHA, be-
cause they were not induced by other glycosami-
noglycans such as chondroitin sulfate or heparan 
sulfate or their fragmentation products. These data 
suggest that in the initiation phase of allergic con-
tact hypersensitivity reaction, hyaluronan sur-
rounding keratinocyte or LC are degradetaed into 
sHA, which stimulate Langerhans cell maturation. 
Indeed, Mummert et al (Mummert et al. 2000) 
(Mummert et al. 2003) have reported that a 12-mer 
(GAHWQFNALTVR) peptide inhibitor of HA, 
termed“Pep-1”, which shows specific binding to 
soluble, immobilized, and cell-associated forms of 
HA, and inhibits leukocyte adhesion to HA sub-
strates almost completely, suppresses the expres-
sion of contact hypersensitivity responses in mice 
by blocking skin-directed homing of inflammatory 
leukocytes by its systemic, local, or topical ad-
ministration. 
 
7. Conclusion - Current model of Langerhans 
cell activation in the initiation phase of allergic 
contact hypersensitivity reaction 
 
In spite of accumulating evidence regarding the 
mechanism LC activation in the initiation phase of 
allergic contact hypersensitivity, it still remains 
undetermined how haptens activate LC. The stud-
ies using the peptide inhibitor of HA suggests the 
crucial role of low m.w. HA in this process. How-
ever, it is not determined yet how haptens stimulate 
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the production of low m.w. HA or degradate high 
or intermidiate m.w. HA into low m.w. HA. ATP 
clearly induces activation of LC. However, the 
mice that lack CD39 on LC exagerate irritant reac-
tion induced by haptens, but down-regulate allergic 
contact hypersensitivity. So, at present, I propose 
tentatively the following model (Fig. 6). Haptens 
stimulate p38 MAPK or NF-kB possibly via redox 
imbalance, which activates LC. ATP released from 
surrounding keratinocytes or LC themselves and 
low m.w. HA further augment their activation.  
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