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Abstract. Toll-like receptors (Tlrs) and epidermal 
langerhans cells (lcs) play a crucial role in innate and 
adaptive immunity. To date, the pattern of Tlr expression 
has not been fully analyzed. The effects of ultraviolet (uV) 
light on Tlr expression and the downstream signaling 
cascades of human lc have not been examined. in this study, 
we purified human epidermal LCs using a density gradient 
centrifugation method and an immunomagnetic microbead 
method. We found that cultured purified LCs from human skin 
express mrnas encoding Tlr2, Tlr4, Tlr5 and Tlr7-9. 
The expression of TLR2 and TLR4 protein was confirmed 
by Western blot analysis. The results showed for the first 
time that uV exposure up-regulated the mrna and protein 
expression of Tlr2 and Tlr4 in human lcs. We also found 
that uV exposure-induced up-regulated MaPK and nF-κB/
p65 expression was dependent on Tlr2 and Tlr4, and 
up-regulated irF-3 expression was partially dependent on 
Tlr4. in conclusion, uV light up-regulates the expression of 
Tlr2, Tlr4 and downstream signaling molecules MaPK, 
nF-κB/p65 and irF-3 in human lcs. This suggests that uV 
light has a significant effect on skin immune responses.

Introduction

currently, 10 toll-like receptors (Tlrs) are known to be 
expressed in humans. Tlrs are a group of evolutionary 
conserved proteins belonging to the il-1r superfamily, char-
acterized by the extracellular leucine-rich repeat domain and an 
intracellular portion that shares homology with the cytoplasmic 
domain of the il-1 receptor (toll/il-1 receptor domain) (1,2).

The signaling cascades that occur after Tlr activation 
have been the subject of intense research. There appear to be 
two distinctive pathways, the myeloid differentiation factor 88 
(Myd88)-dependent and Myd88-independent pathways. in the 
Myd88-dependent signaling pathways, the toll/il-1 receptor 
domain of Tlr interacts with Myd88. This interaction acti-
vates il-1 receptor-associated kinase, which in turn activates 
tumor necrosis factor receptor-activated factor 6 and then acti-
vates transforming growth factor β-activating kinase-1. at this 
point, the Myd88-dependent signaling pathways diverge, one 
trail leading to nuclear factor-κB (nF-κB) activation and the 
other to mitogen-activated protein kinase (MaPK) signaling 
pathways. in Myd88-independent pathways, the activation 
of Tlr3 and Tlr4 activates iFn regulatory factor-3 (irF-3), 
involves the adaptor proteins TriF and TraM, then up-regu-
lates the expression of iFn-inducible genes. The activation of 
Tlr3 and Tlr4 also activates nF-κB, and involves TriF and 
tumor necrosis factor receptor-activated factor 6 (1,3).

epidermal langerhans cells (lcs) are bone marrow-derived 
MHc class ii antigen-possessing cells that constitute 1-3% of 
epidermal cells (4). There is a long-standing belief that lcs play 
an important role in a multitude of cutaneous immune responses, 
including innate and adaptive immune responses (5). Tlrs are 
expressed on immune cells, such as monocytes, dendritic cells 
and granulocytes, but the pattern of Tlr expression on lcs has 
yet to be fully analyzed.

The effects of ultraviolet (uV) light on the Tlr expression 
and downstream signaling cascades of human lcs have never 
been examined. in this study, we analyzed the expression 
pattern of the 10 identified human TLRs in cultured human 
lcs. Furthermore, the expression of Tlr2, Tlr4 and the 
downstream signal transduction molecules of lcs exposed to 
uV light were also investigated.
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Materials and methods

Media and reagents. The culture medium used was dMeM 
(Hyclone) with 10% (v:v) fetal calf serum (gibco). Tlr2 
sirna (h), sc-40256; Tlr4 sirna (h), sc-40260; sirna 
transfection reagent, sc-29528; sirna transfection medium, 
sc-36868; and control sirna-a, sc-37007, were all purchased 
from Santa cruz Biotechnology. Mouse anti-Tlr2 antibody 
was purchased from invivogen. goat anti-Tlr4 antibody, 
mouse anti-gaPdH antibody, and horseradish peroxidase-
linked anti-rabbit, anti-goat or anti-mouse second antibody 
were purchased from Santa cruz Biotechnology. rabbit 
anti-irF3 antibody, rabbit anti-MaPK antibody and rabbit 
anti-nF-κB/p65 antibody were purchased from cell Signaling 
Technology. FiTc-conjugated monoclonal mouse anti-human 
cd1a antibody was obtained from abd Serotec.

LC isolation from human skin. lcs were prepared using 
the density gradient centrifugation and immunomagnetic 
microbead methods. Briefly, human foreskin was separated 
and treated with 0.5% dispase (Roche) for 16 h at 4˚C. The 
epidermis was separated and incubated in 0.25% trypsin 
(Sigma) and 0.02% edTa for 5 min at room temperature. an 
epidermal cell suspension was obtained by vigorous pipetting 
of the epidermal sheets. The epidermal cell suspension was 
slowly layered on top of a Histopaque-1077 (Sigma) layer. 
centrifugation was performed at 2,000 x g for 30 min at 
room temperature. The middle layer from the Histopaque-
1077 interface containing lcs was slowly aspirated off. 
centrifugation was performed again at 1,500 x g for 10 min 
at room temperature. The cells were then treated with 
monoclonal mouse anti-human cd1a MicroBeads (Miltenyi 
Biotec GmbH) for 20 min at 4˚C. The Large Cell Separation 
column was placed in the MiniMacS Separation unit (both 
from Miltenyi Biotec gmbH). Magnetically labeled cell 
suspension was pipetted onto the column. The column was 
removed from the separator and the cells were flushed out 
using the plunger supplied. LC purity was revealed by flow 
cytometric analysis. lc viability was determined by trypan 
blue staining. Human lcs were incubated in culture plates for 
4 h and up to 72 h.

UV irradiation. after incubation for 24 h, lcs were washed 
once with phosphate-buffered saline pH 7.4 (PBS) and exposed 
to uV light (uVB and uVa) in a thin layer of PBS using two 
SS-04P lamps (Sigma corporation), which were placed 30 cm 
above the flasks. The UVB dose was set as 30 mJ/cm2 and the 
uVa dose was set as 10 J/cm2. after uV irradiation, PBS was 
replaced by the culture medium. control cells were maintained 
under identical culture conditions without uV exposure.

TLR2 and TLR4 siRNA transfection of LC. Tlr2 sirna 
(h) is a pool of 3 target-specific 20-25 nt siRNAs designed to 
knock down Tlr2 gene expression. Tlr4 sirna (h) is a pool 
of 4 target-specific 20-25 nt siRNAs designed to knock down 
Tlr4 gene expression. sirna transfection reagent is a highly 
efficient reagent for siRNA delivery with minimal cellular 
damage. sirna transfection was carried out according to the 
manufacturer's protocol. Briefly, 2x106 cells/well were seeded 
and incubated for 24 h. sirna duplex was resuspended 
in 330 µl of the rnase-free water (10 µM solution). Then, 
solution a and B were prepared as follows: for solution a, 
6 µl sirna duplex solution was diluted into 100 µl sirna 
transfection medium. For solution B, 6 µl sirna transfec-
tion reagent was diluted into 100 µl sirna transfection 
medium. Solutions a and B were mixed gently and incubated 
for 30 min (transfection mixture). after washing once with 
sirna transfection medium, the cells were treated with trans-
fection mixture or control sirna-a, then incubated for 6 h. 
The transfection mixture was replaced by the culture medium 
and the cells were incubated for an additional 24 h.

Reverse transcription-polymerase chain reaction (RT-PCR). 
The Takara rna Pcr kit (Takara) was used in the study. after 
incubation for 48 h, cultured lcs were lysed and mrna was 
extracted with Trizol reagent (gibco) according to the manu-
facturer's instructions. mrna was reverse transcribed (20 µl 
total volume) at 42˚C for 60 min. For the analysis of TLR1-10 
mRNA expression, thermal cycling was initiated with a first 
denaturation step of 95˚C for 10 min, and continued with 
40 cycles of 95˚C for 15 sec, 58˚C for 20 sec and 72˚C for 
30 sec. For the analysis of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) mRNA expression, 35 cycles of 95˚C for 

Table i. Sequences of primers used for rT-PcT.

gene Forward primer (5'-3') reverse primer (5'-3')

Tlr1 TTT gaa aaT TgT ggg cac cTTacT g aag caa caT Tga gTT cTT gca aag c
Tlr2 TgT gaa ccT cca ggc TcT g gTc caTaTT Tcc cac TcT cag g
Tlr3 agc cgc caa cTT cac aag agc TcT Tgg agaTTT Tcc agc
Tlr4 aca gaa gcT ggT ggc TgT g TcT TTa aaT gca ccT ggT Tgg
Tlr5 caT gac caT ccT cac agT cac aaa g ggg caTaac Tga agg cTT caa gg
Tlr6 caT gac gaa ggaTaT gcc TTc TTT g TaT Tga ccT caT cTT cTg gca gcT c
Tlr7 TTg gcT TcT gcT caa aTg c cTa aag gTT gga aTT cac Tgc c
Tlr8 gTc gac Tac agg aag TTc ccc ggg Taa cTg gTT gTc TTc aag c
Tlr9 gTg ccc cac TTc Tcc aTg ggc aca gTc aTg aTg TTg TTg
Tlr10 cTT gac cac aaT TcaTTT gac Tac Tc caT cTT ccT TcT cTa gaT Tgg gga Tc
gaPdH aac caT gag aag TaT gac aac agc caT gTg ggg cca Tga ggT cca cca c
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1 min, 52˚C for 30 sec and 72˚C for 50 sec were performed. 
The primers (Takara) used for the amplification of TLR1-10 
and gaPdH are described in Table i. Products were fraction-
ated by 1.5% agarose gel electrophoresis, stained with ethidium 
bromide and viewed on an ultraviolet transilluminator. results 
were representative of at least three independent experiments.

Western blot analysis. Western blot analysis was performed 
as previously described (6). Briefly, after incubation for 48 h, 
cultured lcs were washed once with PBS and lysed on 
ice. after homogenization of the lysates, 30 µg of proteins 
were electrophoresed on 10% sodium dodecyl sulfate-
polyacrylamide gel. The proteins were transferred onto an 
apolyvinylidene fluoride (PVDF) membrane. The membrane 
was incubated with primary antibody in 2% BSa in TBST 
overnight at 4˚C, then incubated with secondary antibody 
for 45 min at room temperature. The bands were visualized 
chemiluminescently (Pierce). results were representative of at 
least three independent experiments.

Flow cytometry. after incubation for 4 h, isolated and puri-
fied human LCs were incubated with FITC-conjugated CD1a 
antibody for 30 min at room temperature. The labeled cells 
were then analyzed with a FacScalibur (Becton-dickinson) 
using cellQuest software (Becton-dickinson). The results were 
expressed as the mean ± Sd of three independent experiments.

Statistical analysis. data were analyzed using SPSS 12.0 soft-
ware. The statistical level of significance was set at p<0.05. 
When two means were compared, significance was deter-
mined by the Student's t-test (p<0.05). When multiple means 
were compared, significance was determined by one-way 
analysis of variance in conjunction with the newman Keuls 
post hoc test (p<0.05).

Results

Purity and viability assays of LCs. lcs were isolated and 
purified using the density gradient centrifugation and immuno-
magnetic microbead methods. The epidermal cell suspension 
contained 3.24±0.37% of cd1a FiTc-positive cells as revealed 
by flow cytometric analysis (Fig. 1A). Using the isolation and 
purification technique, it was possible to obtain 86.72±1.23% 
purity of lcs (Fig. 1B). The results of trypan blue staining 
showed that 96.12±1.45% of lcs cultured for 4 h were viable, 
and 85.47±0.93% of lcs were still viable after 48 h of culture.

TLR2, TLR4, TLR5, TLR7, TLR8 and TLR9 mRNA are 
expressed on cultured human LCs. The Tlr1-10 mrna 
expression of the lcs was investigated after 48 h of culture by 
rT-Pcr. The results revealed the expression of Tlr2, Tlr4, 
Tlr5, Tlr7, Tlr8 and Tlr9 mrna, but not of Tlr1, 
Tlr3 and Tlr10 mrna. The expression of Tlr2, Tlr4, 
Tlr7, Tlr8 and Tlr9 mrna was weak as compared to 
Tlr5 mrna expression. Tlr6 mrna expression was very 
weak in the cultured lcs (Fig. 2a). The expression of gaPdH 
mrna was used as an internal control.

next, we examined the protein expression of Tlr2 and 
Tlr4 in cultured human lcs. The expression of Tlr2 and 
TLR4 protein was confirmed by Western blotting (Fig. 2B). 

Increased mRNA and protein levels of TLR2 and TLR4 after 
UV exposure. at 24 h after uV exposure (uVa at 10 J/cm2 and 
uVB at 30 mJ/cm2), a 3.2-fold increase in Tlr2 mrna and a 
3.3-fold increase in Tlr4 mrna was found compared to the 
controls, with gaPdH mrna as the reference (Fig. 3a and 
B). at 24 h after uV exposure (uVa at 10 J/cm2 and uVB at 
30 mJ/cm2), a 4.1-fold increase in Tlr2 protein and a 2.7-fold 
increase in Tlr4 protein was found compared to the controls, 
with gaPdH protein as the reference (Fig. 3c and d).

  A

  B

Figure 1. LC purity was revealed by flow cytometry. Mean fluorescence 
intensity (M1) is shown in the upper right corner of the histograms. results 
are representative of three independent experiments. (a) The epidermal cell 
suspension contained only 3.24±0.37% of cd1a FiTc-positive cells. (B) 
With the isolation and purification technique used, it was possible to obtain 
86.72±1.23% of cd1a FiTc-positive cells.

  A

  B

Figure 2. (a) Transcription of Tlr1-Tlr10 in cultured human lcs. M, 
dna marker; g, internal control gaPdH. The results are representative of 
at least three independent experiments. (B) Protein samples from lcs were 
incubated with anti-Tlr2, anti-Tlr4 and anti-gaPdH antibody. Samples 1, 
2 and 3 were representative of three independent experiments.
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Increased MAPK and NF-κB/p65 protein levels after UV 
exposure is dependent on TLR2 and TLR4. Human lcs 
were treated with Tlr2 sirna, Tlr4 sirna, Tlr2 sirna 
and Tlr4 sirna or control sirna. at 24 h after uV expo-
sure (uVa at 10 J/cm2 and uVB at 30 mJ/cm2), an 8.3-fold 
increase in MaPK protein and a 5.7-fold increase in nF-κB/
p65 protein was found compared to the controls, with gaPdH 
protein as the reference (Fig. 4). To confirm the role of TLR2 
and Tlr4 in the expression of MaPK and nF-κB induced 
by uV exposure, Tlr2 and Tlr4 expression was knocked 
down in human lcs using sirna. Tlr2 and Tlr4 sirna 

significantly decreased the expression of MAPK and NF-κB/
p65 induced by uV exposure (Fig. 4). These results suggest 
that the expression of MaPK and nF-κB induced by uV 
exposure is dependent on Tlr2 and Tlr4.

Increased IRF-3 protein level after UV exposure is partially 
dependent on TLR4, but not TLR2. Human lcs were treated 
with Tlr2 sirna, Tlr4 sirna, Tlr2 and Tlr4 sirna, or 
control sirna. at 24 h after uV exposure (uVa at 10 J/cm2 
and uVB at 30 mJ/cm2), a 4.2-fold increase in irF-3 protein 
was found compared to the controls, with gaPdH protein as 
the reference. TLR2 siRNA had no significant effect on the 
expression of irF-3 induced by uV exposure, while Tlr4 
sirna partially decreased the expression of irF-3 induced 

Figure 3. effect of exposure of cultured human lcs to uV light on the 
mrna and protein levels of Tlr2 and Tlr4. (a) The expression of Tlr2 
and Tlr4 mrna was investigated by rT-Pcr. M, dna marker. The results 
are representative of at least three independent experiments. (B) increased 
mrna levels of Tlr2 and Tlr4 after uV exposure (*p<0.05 vs. CTL 
group). (c) The expression of Tlr2 and Tlr4 protein was investigated by 
Western blot analysis. The results are representative of at least three inde-
pendent experiments. (d) increased protein levels of Tlr2 and Tlr4 after 
uV exposure (*p<0.05 vs. CTL group).

  A

  B

  C

  D

  A

Figure 4. role of Tlr2 and Tlr4 in the expression of MaPK and nF-κB 
protein induced by uV exposure. (a) Human lcs were exposed to uV light 
(uV) or not (cTl). 1, cTl group; 2, uV group; 3, uV + Tlr2 sirna 
group; 4, uV + Tlr4 sirna group; 5, uV + Tlr2,4 sirna group; 6, uV 
+ control sirna group. (B) increased MaPK protein after uV exposure 
requires TLR2 and TLR4. TLR2 and TLR4 siRNA significantly decreased 
the expression of MaPK induced by uV exposure (*p<0.05 vs. CTL group; 
#p<0.05 vs. UV group). (C) Increased NF-κB/p65 protein after uV exposure 
requires TLR2 and TLR4. TLR2 and TLR4 siRNA significantly decreased 
the expression of nF-κB/p65 induced by uV exposure (*p<0.05 vs. CTL 
group; #p<0.05 vs. UV group).
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by uV exposure (Fig. 5). These results suggest that the expres-
sion of irF-3 induced by uV exposure is partially dependent 
on Tlr4, but not Tlr2.

Discussion

as antigen-presenting cells, lcs are directly or indirectly 
activated with functional maturation when they encounter 
pathogens that invade the skin. They secrete inflammatory 
cytokines and chemokines to accumulate and activate other 
immunocompetent cells, such as nK cells and macrophages, 
for innate immune responses. at the same time, lcs migrate 
to the draining lymph nodes to induce the differentiation and 
activation of both cd4+ and cd8+ naive T cells into cytokine-
producing effector T cells, then induce the following adaptive 
immune responses (5,7).

Previous studies on lcs were mostly established using 
langerhans cell-like cells generated from bone marrow- or 
monocyte-derived dendritic cells, not by using genuine skin-
resident lcs. To overcome these limitations, we successfully 
isolated and purified human epidermal LCs from the foreskin 
using the density gradient centrifugation and immunomagnetic 
microbead methods. Using this isolation and purification 
technique, it was possible to obtain 86.72±1.23% purity 
and 96.12±1.45% viability of lcs cultured for 4 h, and 
85.47±0.93% viability of lcs cultured for 48 h. Mitsui et al 
used the panning method and achieved more than 95% purity 
of lcs from murine skin (8). Flacher et al used an isolation 
technique based on two consecutive density gradients and 
obtained 75.0±8.4% purity of human epidermal lcs. They 
then further purified the LCs by positive selection using anti-
cd1a MacS and obtained more than 95% purity of lcs. 

However, viability assays showed that only 69.1±10.1% of 
lcs cultured for 24 h were viable and less than 50% of lcs 
were still viable after 48 h of culture (9). The establishment of 
an isolation and purification method would greatly contribute 
to our ability to successfully conduct the next series of 
experiments dealing with human lcs.

The pattern of Tlr expression on cultured lcs has yet 
to be fully analyzed. Mitsui et al demonstrated Tlr2, Tlr4 
and Tlr9 mrna in fresh isolated lcs obtained from murine 
skin. Mitsui et al also demonstrated Tlr2 protein expression 
by Western blotting and TLR4 protein expression by flow 
cytometry (8). Tlr3 mrna was expressed in both fresh and 
48-h cultured murine lcs (10). Flacher et al showed for the 
first time that freshly isolated and purified LCs from human 
skin express mrna encoding Tlr1, Tlr2, Tlr3, Tlr5, 
Tlr6 and Tlr10 (9). in this study, we analyzed the expres-
sion pattern of the 10 identified human TLRs in cultured LCs 
using rT-Pcr. The results showed that 48-h cultured human 
lcs expressed Tlr2, Tlr4, Tlr5, Tlr7, Tlr8 and Tlr9, 
while Tlr1, Tlr3 and Tlr10 were undetectable. We next 
demonstrated Tlr2 and Tlr4 protein expression in cultured 
human lcs by Western blot analysis. The pattern of Tlr 
expression varies markedly depending on the species. These 
conflicting reports make the expression of 10 TLRs in human 
lcs unclear. Some discrepancies remain between our and 
other studies, which likely result from differences in culture 
time or isolation and purification methods.

Solar uV light comprises uVB (wavelength 290-320 nm) 
and uVa (wavelength 320-400 nm) light. uVB hits the 
epidermis and, to a lesser extent, the upper part of the 
dermis, while uVa penetrates more deeply into human skin 
(11). The effects of uV light on the Tlr expression and 
function of human lcs have never been examined. one 
study showed the increased transcription of the Tlr2 and 
Tlr4 genes in uVB-irradiated macrophages (12). exposure 
to uV light induced clustering and internalization of cell 
surface receptors for il-1 and epidermal growth factor. 
exposure to uV light also activates the c-Jun amino-terminal 
protein kinase cascade, causing the induction of many target 
genes (13). Since the intracellular portion of Tlrs shares 
homology with the cytoplasmic domain of the il-1 receptor 
and the il-1 receptor and Tlr signal function through similar 
mechanisms, employing many of the same signal transduction 
molecules, we conclude that uV light also activates Tlrs 
and downstream nF-κB and mitogen-activated protein kinase 
signaling molecules. our results revealed increased mrna 
and protein expression of the Tlr2 and Tlr4 genes in 
uV-irradiated human lcs. upon engagement of a Tlr by its 
ligand, Tlr activation induced the activation of nF-κB and 
the c-Jun-nH2-terminal kinase, extracellular signal-regulated 
kinase 1 and 2, and p38 mitogen-activated protein kinases 
(MaPK) (3). The activation of Tlr3 and Tlr4 also activated 
irF-3 in Myd88-independent pathways, then up-regulated 
the expression of iFn-inducible genes (14). in this study, we 
observed increased MaPK, nF-κB/p65 and irF-3 protein 
levels after uV exposure. next, we examined the mechanisms 
underlying the uV exposure-induced increased expression 
of MaPK, nF-κB/p65 and irF-3. Tlr2 and Tlr4 gene 
expression in human lcs were knocked down using Tlr2 
and Tlr4 sirna. Tlr2 and Tlr4 sirna prevented the 

  A

  B

Figure 5. role of Tlr2 and Tlr4 in the expression of irF-3 protein 
induced by uV exposure. (a) Human lcs were exposed to uV light (uV) 
or not (cTl). 1, cTl group; 2, uV group; 3, uV + Tlr2 sirna group; 4, 
uV + Tlr4 sirna group; 5, uV + Tlr2,4 sirna group; 6, uV + con-
trol sirna group. (B) increased irF-3 protein after uV exposure partially 
requires TLR4, but not TLR2. TLR2 siRNA had no significant effect on the 
expression of irF-3 induced by uV exposure, while Tlr4 sirna partially 
decreased the expression of irF-3 induced by uV exposure (*p<0.05 vs. 
cTl group; $p<0.05 vs. UV group).
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expression of MaPK and nF-κB/p65 induced by uV exposure, 
suggesting that the expression of MaPK and nF-κB induced 
by uV exposure is dependent on Tlr2 and Tlr4.

Tlr activation may also induce the activation of irF-3 
in the Myd88-independent pathways. our results showed that 
TLR2 siRNA had no significant effect on the expression of 
irF-3, and that Tlr4 sirna partially decreased the expres-
sion of irF-3 induced by uV exposure, suggesting that the 
expression of irF-3 induced by uV exposure is partially 
dependent on Tlr4, but not Tlr2. We conclude that uV light 
induced the increased expression of irF-3 by activating Tlr4 
and other Tlrs. additional studies are required to elucidate 
this finding.

Tlrs are well documented as major initiators of innate 
immunity (15,16). increasing evidence indicates that Tlrs 
are cpable of directly or indirectly promoting adaptive 
immune responses, in particular T cell functions (17). Tlr 
activation induces maturation of dendritic cells by increasing 
the expression levels of co-stimulatory molecules of cd40, 
cd80, cd86 and MHc proteins on dendritic cells, allowing 
the dendritic cells to more effectively activate T cells (18,19). 
recent reports have indicated that Tlrs on dendritic cells 
affect T cell diversity. activation of Tlr2 on human dendritic 
cells induces the release of il-12 and iFn-γ, but not il-10 and 
il-4, generating a Th1 cytokine response (20,21). However, in 
other studies, the activation of Tlr2 induced strong expres-
sion of Th2-associated effector molecules such as IL-13, IL-1β 
and gM-cSF, but low levels of Th1-associated cytokines such 
as il-12, iFnα, il-18 and il-27 (22). The activation of Tlr5 
drives Myd88-dependent Th2-type immunity by promoting 
the secretion of il-4 and il-13, while the Th1-promoting 
cytokine il-12 is not induced (23). activation of Tlrs also 
directly or indirectly influences regulatory T cell functions 
(24). our study indicated that uV light activated Tlr2 and 
Tlr4 and the downstream signaling molecules MaPK, 
nF-κB/p65 and irF-3. Thus, we propose that uV light 
promotes innate and adaptive immunity, including the matura-
tion of lcs, T cell diversity and regulatory T cell functions 
through the activation of Tlrs on lcs. However, this hypoth-
esis remains to be further investigated in future studies.

in conclusion, we demonstrated increased Tlr2 and Tlr4 
expression after uV exposure in human cultured lcs. We also 
found that increased MaPK and nF-κB/p65 expression was 
dependent on Tlr2 and Tlr4, while increased irF-3 expres-
sion was partially dependent on Tlr4, after uV exposure. 
LCs and TLRs play a significant role in innate and adaptive 
immunity; we hypothesize that uV light promotes innate 
and adaptive immunity, including the maturation of lcs, 
T cell diversity and regulatory T cell functions, through the 
activation of TLRs on LCs. The present findings contribute 
to the understanding of the role of uV light in skin immune 
responses.

Acknowledgements

This study was supported by grants from the national natural 
Science Foundation of china (30700723). We thank the staff 
of the Institute of Hematology, the First Affiliated Hospital, 
college of Medicine, Zhejiang university, for the technical 
assistance and advice.

References

  1. Mcinturff Je, Modlin rl and Kim J: The role of toll-like 
receptors in the pathogenesis and treatment of dermatological 
disease. J invest dermatol 125: 1-8, 2005.

  2. o'neill la and dinarello ca: The il-1 receptor/toll-like receptor 
superfamily: crucial receptors for inflammation and host defense. 
immunol Today 21: 206-209, 2000.

  3. Kang SS, Kauls lS and gaspari aa: Toll-like receptors: 
applications to dermatologic disease. J am acad dermatol 54: 
951-983, 2006.

  4. Katz Si, Tamaki K and Sachs dH: epidermal langerhans cells 
are derived from cells originating in bone marrow. nature 282: 
324-326, 1979.

  5. asahina a and Tamaki K: role of langerhans cells in cutaneous 
protective immunity: is the reappraisal necessary? J dermatol 
Sci 44: 1-9, 2006.

  6. Wang Xy, Bi Zg, chu WM and Wan yS: il-1 receptor antagonist 
attenuates MaP kinase/aP-1 activation and MMP1 expression in 
UVA-irradiated human fibroblasts induced by culture medium 
from uVB-irradiated human skin keratinocytes. int J Mol Med 
16: 1117-1124, 2005.

  7. engering a, geijtenbeek TB and van Kooyk y: immune escape 
through c-type lectins on dendritic cells. Trends immunol 23: 
480-485, 2002.

  8. Mitsui H, Watanabe T, Saeki H, et al: differential expression and 
function of toll-like receptors in langerhans cells: comparison 
with splenic dendritic cells. J invest dermatol 122: 95-102, 2004.

  9. Flacher V, Bouschbacher M, Verronèse e, et al: Human 
Langerhans cells express a specific TLR profile and differentially 
respond to viruses and gram-positive bacteria. J immunol 177: 
7959-7967, 2006.

10. Fujita H, asahina a, Mitsui H and Tamaki K: langerhans cells 
exhibit low responsiveness to double-stranded rna. Biochem 
Biophys res commun 319: 832-839, 2004.

11. Bruls Wa, Slaper H, van der leun Jc and Berrens l: 
Transmission of human epidermis and stratum corneum as a 
function of thickness in the ultraviolet and visible wavelengths. 
Photochem Photobiol 40: 485-494, 1984.

12. Sethi g and Sodhi a: in vitro activation of murine peritoneal 
macrophages by ultraviolet B radiation: upregulation of cd18, 
production of NO, proinflammatory cytokines and a signal trans-
duction pathway. Mol immunol 40: 1315-1323, 2004.

13. rosette c and Karin M: ultraviolet light and osmotic stress: acti-
vation of the JnK cascade through multiple growth factor and 
cytokine receptors. Science 274: 1194-1197, 1996.

14. Kawai T, Takeuchi o, Fujita T, et al: lipopolysaccharide stimu-
lates the Myd88-independent pathway and results in activation of 
iFn-regulatory factor 3 and the expression of a subset of lipopoly-
saccharide-inducible genes. J immunol 167: 5887-5894, 2001.

15. anderson KV: Toll signaling pathways in the innate immune 
response. curr opin immunol 12: 13-19, 2000.

16. Medzhitov r: Toll-like receptors and innate immunity. nat rev 
immunol 1: 135-145, 2001.

17. Kapsenberg Ml: dendritic-cell control of pathogen-driven T-cell 
polarization. nat rev immunol 3: 984-993, 2003.

18. Michelsen KS, aicher a, Mohaupt M, et al: The role of toll-like 
receptors (Tlrs) in bacteria-induced maturation of murine 
dendritic cells (dcS). Peptidoglycan and lipoteichoic acid are 
inducers of dc maturation and require Tlr2. J Biol chem 276: 
25680-25686, 2001.

19. Tsuji S, Matsumoto M, Takeuchi o, et al: Maturation of human 
dendritic cells by cell wall skeleton of Mycobacterium bovis 
bacillus calmette-guerin: involvement of toll-like receptors. 
infect immunol 68: 6883-6890, 2000 

20. Thoma-uszynski S, Kiertscher SM, ochoa MT, et al: activation 
of toll-like receptor 2 on human dendritic cells triggers induction 
of il-12, but not il-10. J immunol 165: 3804-3810, 2000.

21. Sieling Pa, chung W, duong BT, godowski PJ and Modlin rl: 
Toll-like receptor 2 ligands as adjuvants for human Th1 
responses. J immunol 170: 194-200, 2003.

22. redecke V, Häcker H, datta SK, et al: cutting edge: activation of 
toll-like receptor 2 induces a Th2 immune response and promotes 
experimental asthma. J immunol 172: 2739-2743, 2004. 

23. didierlaurent a, Ferrero i, otten la, et al: Flagellin promotes 
myeloid differentiation factor 88-dependent development of 
Th2-type response. J immunol 172: 6922-6930, 2004.

24. Xu d, liu H and Komai-Koma M: direct and indirect role of 
Toll-like receptors in T cell mediated immunity. cell Mol 
immunol 1: 239-246, 2004.


