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Activation of Toll-like Receptors 1, 2, 4, 5, and 7 on 
Human Melanocytes Modulate Pigmentation
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Human melanocytes are not simply pigment-producing 
cells. It may be part of the inflammatory response, during 
which the pigmentary system may produce more melanin or 
suppress melanization. Toll-like receptors (TLRs) have been 
implicated in both innate host defense against pathogens and 
inflammatory response. Therefore, it may be possible that 
activation of TLRs in melanocytes may play a role in the 
modulation of melanogenesis. In this study, we investigated 
whether normal human melanocytes expressed TLRs and 
analyzed pigmentation changes upon TLR stimulation. The 
expression of TLR1∼10 mRNA in cultured human melano-
cyte was analyzed using RT-PCR, Western blotting and 
immunocytochemistry. Human melanocytes constitutively 
express mRNA and protein for TLR2, 3, 4, 5, 7, 9 and 10. 
Stimulation of TLR1/2 and 4 with Pam3CSK4 and lipopoly-
saccharide induced pigmentation of melanocytes. Activa-
tion of TLR5 and 7 with flagellin and imiquimod treatments 
reduced pigmentation of melanocytes and zebrafish. In 
summary, the results provided evidence for TLRs expression 
in normal human melanocytes. It is speculated that a 
response of melanocyte to TLR ligands may play a role in the 
pigmentary change in the skin. (Ann Dermatol 22(4) 486∼
489, 2010)
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Human melanocytes are not merely pigment-producing 
cells. They also act as phagocytic cells that contribute to 
inflammatory responses1. Indeed, there exists evidence 
that human melanocytes and melanin inhibit proliferation 
of bacterial, fungal, and parasitic infections in the epider-
mis and dermis. For example, radicals and other com-
pounds produced during melanogenesis are believed to 
exert strong antimicrobial activity2.
Toll-like receptors (TLRs) are part of the innate immune 
system involved in the response to microbial infections. At 
least 10 members of the TLR family have been identified 
in mammals3. TLRs recognize a wide range of microbial 
ligands, including lipopolysaccharides (LPS), bacterial li-
poproteins, bacterial heat shock proteins, viral single- and 
double-stranded RNA, and bacterial flagellin. The innate 
immune system governs the interconnecting pathways of 
microbial recognition, inflammation, microbial clearance, 
and cell death3. The pigmentary system may produce 
more melanin, or suppress melanization, in response to 
inflammatory events. It is therefore possible that TLR 
activation in melanocytes may play a role in pigmentation 
modulation. The expression of TLR4 and TLR7, and the 
effects of their ligands, LPS or imiquimod in melanocyte 
biology have been shown previously4,5. It has also been 
reported that TLR expression in human melanocytes could 
play a role in the local innate inflammatory response in 
the epidermis6.
The objective of this study was to investigate whether 
normal human melanocytes express all TLR members, and 
analyze pigmentation changes upon TLR stimulation. To 
investigate whether TLRs 1∼10 are constitutively expres-
sed in cultured normal human melanocytes, we per-
formed RT-PCR, immunocytochemistry and Western blot 
analysis. The primers sequences used were as follows: 
TLR1 sense oligonucleotide, 5’-AAAAGAAGACCCTGAG 
GGCC-3’ and anti-sense oligonucleotide, 5’-TCTGAAGTC 
CAGCTGACCCT-3’; TLR2 sense oligonucleotide, 5’-AAC 
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Fig. 1. Toll-like receptors (TLRs) are 
expressed in human melanocytes. 
(A) Expression of TLR1-10 was as-
sessed by RT-PCR. The protein 
expression was detected by im-
munocytochemistry (B: ×200) and 
Western blotting (C). Negative con-
trols were made by applying normal
rabbit serum before treatment with 
primary antibody.

CCTAGGGGAAACATCTCT-3’, and antisense oligonucle-
otide, 5’-GGAATATGCAGCCTCCGGAT-3’; TLR3 sense 
oligonucleotide, 5’-AAATTGGGCAAGAACTCACAGG-3’; 
and antisense oligonucleotide, 5’-GTGTTTCCAGAGCCG 
TGCTAA-3’; TLR4 sense oligonucleotide, 5’-TACAAAATC 
CCCGACAACCTC-3’; and antisense oligonucleotide, 5’-A 
GCCACCAGCTTCTGTAAACT-3’; TLR5 sense oligonucle-
otide, 5’-GCATTAAGGGGACTAAGCCTC-3’, and antisen-
se oligonucleotide, 5’-AAAAGGGAGAACTTTAGGGACT- 
3’; TLR6 sense oligonucleotide, 5’-TTGACAGTTTTGAGA 
CTTTCCC-3’; and antisense oligonucleotide, 5’-TGGACCT 
CTGGTGAGTCCTG-3’; TLR7 sense oligonucleotide, 5’-T 
CCAGTGTCTAAAGAACCTGG-3’; and antisense oligonu-
cleotide, 5’-TGGTAAATATACCACACATCCC-3’; TLR8 sen-

se oligonucleotide, 5’-TAATAGGCTGAAGCACATCCC-3’; 
and antisense oligonucleotide, 5’-TCCCAGTAAAACAAAT 
GGTGAG-3’; TLR9 sense oligonucleotide, 5’-GTGCCCCA 
CTTCTCCATG-3’; and antisense oligonucleotide, 5’-GGC 
ACAGTCATGATGTTGTTG-3’; TLR10 sense oligonucle-
otide, 5’-TGACCACAATTCATTTGACTACTC-3’; and anti-
sense oligonucleotide, 5’-TTGAATACTTTTGGGCAAGCA 
CC-3’. The RT-PCR studies indicated that human mel-
anocytes constitutively expressed mRNA for TLR1, 2, 3, 4, 
5, 6, 7, 9, and 10, but not for TLR8 (Fig. 1A). Im-
munocytochemical staining showed immunoreactivity for 
TLR1 (1:50 dilution; Santa Cruze Biotechnology, Santa 
Cruz , CA, USA), 2 (1:50; Santa Cruz Biotechnology), 3 
(1:50; Santa Cruz Biotechnology), 4 (1:30; Abcam, Cam-
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Fig. 2. Effects of toll-like receptor (TLR) ligands on pigmentation.
Melanocytes were treated with Pam3CSK4, PolyI:C, LPS, flagellin
or imiquimod, a ligand (1∼10μg/ml) of TLR1/2, 3, 4, 5, or 7
for 5 days. (A) Melanin content was determined by measuring
the absorbance at 490 nm. The values indicate the mean of three
independent experiments±SD. *p<0.05. (B) Zebrafish was 
treated with ligands (20 or 40 μg/ml) for 24 hrs and was 
visualized under microscope. The results were reproducible in
three independent experiments. Magnified view (Inset).

bridge, MA, USA), 5 (1:50; Santa Cruz Biotechnology), 7 
(1:30; Abcam), 9 (1:50; Santa Cruz Biotechnology), and 
10 (1:50; Santa Cruz Biotechnology), but not for TLR6 
(1:50; Santa Cruz Biotechnology) in human melanocytes 
(Fig. 1B). The expression of TLRs 2∼10 protein was fur-
ther confirmed by Western blot analysis (Fig. 1C). Cul-
tured human melanocytes constitutively express mRNA 
and protein for TLR2, 3, 4, 5, 7, 9, and 10.
To investigate the functional role of TLRs in pigmentation, 
melanocytes were treated with Pam3CSK4 (InvivoGen, 
San Diego, CA, USA), polyinosinic-polycytidylic acid 
(PolyI:C; InvivoGen), LPS (Sigma Chemical Co., St. Louis, 
MO, USA), flagellin (InvivoGen) or imiquimod (Invivo-
Gen), a ligand of TLR1/2, 3, 4, 5, or 7 for 5 days (Fig. 2A). 
Addition of 10 μg/ml Pam3CSK4 or LPS increased mel-
anin contents to 114 or 112% (mean±SD of control, n= 
3, p＜0.05) of the control cells (100%), respectively. 

Treatment of 10 μg/ml flagellin or imiquimod reduced 
melanin contents to 91 or 85% (mean±SD of control, n= 
3, p＜0.05) of the control cells (100%), respectively. 
There was no change with PolyI:C treatment. The effects 
of TLR ligands was further investigated using the zebrafish 
model system7. As shown in Fig. 2B, flagellin (20 μg/ml) 
and imiquimod (40 μg/ml) inhibit zebrafish body pigmen-
tation. However, there was no remarkable change with 
treatment of Pam3CSK4 or LPS (data not shown). Taken 
together, these results suggest that activation of TLR2, 4, 5 
and 7 modulate melanocyte pigmentation.
The present study demonstrated the in vitro expression of 
a panel of TLRs in normal human melanocytes. Bacterial 
cell wall components are recognized by TLR1, 2, 3, 5, and 
6, known as extracellular TLRs. We showed that treatment 
of TLRs (1/2, 4 and 5) with synthetic bacterial lipoprotein, 
PolyI:C, LPS and bacterial flagellin modulated melanocyte 
pigmentation. TLR3, 7, 8, and 9 are located in the 
cytoplasm and recognize mainly viral components. In our 
study, stimulation with imiquimod and synthetic TLR7/8 
ligand reduced melanocyte pigmentation. It was shown 
that flagellin and imiquimod treatment also reduced zeb-
rafish body pigmentation. It appears that zebrafish body 
pigmentation was too intense to show the subtle changes 
of increased pigmentation. Taken together, these results 
suggest that TLRs in melanocytes may play a role in micro-
bial- or inflammation-related pigmentary changes. How-
ever, further investigations are needed to confirm the func-
tional role of TLRs in pigmentation and validate the out-
comes of this study, since it remains unclear whether 
pigmentary changes by TLRs ligands in this study were 
related to TLR activation.
In summary, we have demonstrated TLRs expression in 
normal human melanocytes. Further investigations are 
warranted to determine whether melanocyte response to 
TLR ligands may play a role in skin pigmentary changes.
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