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ABSTRACT 

The aim of the study was to investigate the expression of Toll-like receptor (TLR) 2 and 4 on 

keratinocytes in atopic dermatitis, contact dermatitis, and psoriasis by PCR and by 

immunohistochemistry including confocal microscopy. Confocal microscopy revealed a granular 

intracellular expression pattern for TLR 2 and a homogenous intracellular expression pattern for TLR 4 in 

normal and diseased skin. TLR 2 was constitutively expressed in the suprabasal layers in normal skin, but 

limited to the basal epidermis in diseased skin. TLR 4 expression was concentrated to the basal layers in 

normal skin, whereas it was pronounced in upper layers in diseased skin. The shift in the TLR expression 

may be related to the disturbed skin barrier and a need for enhanced immune surveillance because of 

invading microbes. Also, there must be a balance between sufficient immune response and 

overstimulation.  

 

Background 

Toll-like receptors (TLR) are are an important part of the innate immunity in humans and regulate 

antimicrobial defense (1). Human keratinocytes express TLR1, 2, 3, 5 and 9 constitutively (2-7). TLR4 has 

been described to be expressed constitutively and non-constitutively in keratinocytes (2-6,8). TLR2 and 

TLR4 recognize lipoteichoic acid (gram-positive bacteria) and lipopolysaccharide (gram-negative 

bacteria), respectively (9). Usually, TLR2 and TLR4 are localized to the cell membrane (4,6,10). In 

contrast, cytoplasmatic TLR2 and TLR4 expression in keratinocytes was reported (5). In inflammatory 

skin diseases the disturbed physical skin barrier may influence the state of the immune barrier and vice 

versa (11-13). Skin infections occur more frequently in atopic dermatitis than in psoriasis. (14) TLR might 
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contribute to the disordered immune activity in atopic dermatitis (15-17) and contact dermatitis (18,19). 

Data about TLR expression in atopic and contact dermatitis are lacking. TLR2 has been described to be 

increased or not detected in psoriasis (5).  

 

Questions 

We asked whether TLR2 and TLR4 are expressed constitutively by keratinocytes, asked for the epidermal 

and subcellular localization and whether the expression is altered in atopic dermatitis, contact 

dermatitis and psoriasis. We have chosen TLR2 and TLR4, as these two receptors together comprise 

recognition of both gram-positive and negative bacteria. 

 

Design 

Lesional skin samples were taken from atopic dermatitis (n = 9), contact dermatitis (n = 12), psoriasis (n 

= 12) and control subjects (n = 5). Paraffin-embedded sections were incubated with TLR2 or TLR4 

antibodies (ab47840 and ab47093, Abcam, Cambridge, UK). As secondary antibodies swine anti rabbit 

and Cy2 (Jackson, Baltimore, USA) were used.Strength of immuno staining was determined by grading 0 

to 3 for each layer. Significances were determined by paired t-test. RNA was isolated from untreated 

HaCaT cells, primary human keratinocytes, THP-1 cells, primary monocytes and lymphocytes (immune 

cells serving as positive control) and from homogenized normal skin using standard protocol. 

 

Results 

Real-time PCR with subsequent gel electrophoresis showed a constitutive expression of TLR2 and TLR4 

mRNA in HaCaT cells, primary human keratinocytes and normal human skin (Fig. S1a and b). The 

localization of the two TLR proteins in the epidermal layers was quite different, as shown by immune-

histology. TLR2 protein was constitutively and uniformly expressed in all nucleated epidermal layers in 

control skin. In atopic dermatitis, in contact dermatitis and in psoriasis staining was faint in the granular 

and upper spinous layers and increased towards lower spinous and basal layers. (Fig. 1) TLR4 was 

expressed in normal skin constitutively in the entire nucleated epidermis, but concentrated in the upper 

tip of the basal layer. In atopic dermatitis, in contact dermatitis and in psoriasis TLR4 staining was low in 
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the basal and the lower and mid spinous layers and increased towards the upper spinous and the 

granular layers (Fig. 2)  

(Fig. 2) Immunohistological staining for TLR4 was weaker than for TLR2. Supporting this TLR4 mRNA 

showed much higher crossing points in real time PCR. Comparison of crossing-points gained with 

different primers is difficult. But the analogy of PCR and histologic results suggests a lower TLR4 

expression. This may be due to the less frequent infection and the more efficient clearance of the skin 

with gram-negative bacteria by antimicrobial peptides. 

 

In atopic dermatitis, contact dermatitis and psoriasis, TLR4 expression was continuously increasing from 

basal to upper spinous layers including stratum granulosum. (Fig. 2) Epidermal barrier disruption in 

diseased skin facilitates invasion of pathogens activating the innate immune barrier in the upper 

epidermal layer as shown for antimicrobial proteins (20,21). This is in accordance with the lower 

frequency of gram-negative bacteria especially in physiologic skin colonisation. The lower risk of 

overstimulation would explain why upregulation in the upper cell layers occurs for TLR4 but not for 

TLR2. 

 

In atopic patients TLR2 expression is downregulated in macrophages (22). Our study showed no 

decrease in keratinocytes of atopic or contact dermatitis, as we initially expected. The missing 

upregulation of TLR2 may contribute to the susceptibility for gram-positive skin infection in atopic skin. 

This is in line with the previously described impaired innate immune response in atopic skin comprising 

impaired function of TLR2 signaling pathway compared to psoriasis (20,23,24). 

In contrast to other authors our data showed no upregulation of TLR2 expression in psoriasis, possibly 

due to a differential expression during the course of the disease, e. g. caused by IFN-γ and TNF-α which 

have been shown to upregulate TLR2 and TLR4 in renal epithelial cells (25). In contrast, Curry et al. 

showed TLR2 downregulation in keratinocytes by TNF-α (4). Responsiveness of cells for TLR ligands 

results in part from the localization of TLRs within the cells (5,26). Usually, TLR2 and TLR4 are localized to 

the cell membrane, although cytoplasmatic expression in keratinocytes was reported (5). Our immuno-

fluorescence  
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microscopy studies showed that the expression pattern of TLR2 in normal and diseased skin was 

prevalently intracellular with mainly perinuclear coarse granules (Fig. S2a). This expression pattern in 

keratinocytes has not been described yet and may be due to a localization in cell organelles, like 

endoplasmic reticulum or Golgi apparatus as described for TLR9 (27). Cytoplasmic expression may also 

be a method to avoid overstimulation gaining more specificity as suggested for other TLR. (28). Increase 

of cytoplasmic TLR 2 and TLR4 expression after stimulation with TLR ligands results in lower reactivity 

(29). The expression of TLR4 was also prevalently intracellular, but more homogenous with fine grains 

instead of coarse granula (Fig. S2a) We could not find the previously described “chicken-wire” 

appearance (4). The intracellular localization of TLR2 and TLR4 in keratinocytes in normal and diseased 

skin in vivo may avoid a constant state of proinflammatory activation as it has been shown in intestinal 

cells (28,29). The more homogenous cytoplasmic pattern could be due to an expression of TLR4 bound 

to very small organelles like lysosomes. 

In summary, our data showed strong evidence for a constitutive intracellular expression of TLR2 and 

TLR4 in human keratinocytes in vitro and in vivo. TLR2 expression was shifted to lower layers and TLR4 

was shifted to upper layers in diseased skin compared to control skin. 
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Figure 1. DAB staining for human TLR2 was performed in normal human skin of healthy volunteers (top 

left), atopic dermatitis (top right) contact dermatitis (bottom left) and psoriasis (bottom right). TLR2 

protein was constitutively and uniformly expressed in all nucleated epidermal layers in control skin. In 

atopic dermatitis, in contact dermatitis and in psoriasis staining was faint in the granular and upper 

spinous layers and increased towards lower spinous and basal layers. (Scale bar equals 20 µm) 

 

Figure 2. DAB staining for human TLR4 was performed in normal human skin (top left), atopic dermatitis 

(top right) contact dermatitis (bottom left) and psoriasis (bottom right).  TLR4 was expressed in normal 

skin constitutively in the entire nucleated epidermis, but concentrated in the upper tip of the basal 

layer. In atopic dermatitis, in contact dermatitis and in psoriasis TLR4 staining was low in the basal and 

the lower and mid spinous layers and increased towards the upper spinous and the granular layers 

(Scale bar equals 20 µm). 

 


