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0.2% bovine serum albumin (BSA) and 0.02% triton X-100. After the blocking step, all sections were incubated 

overnight at 4°C with the primary antibody anti- phospho EGFR (Tyr 1173) diluted in PBS/0.2% BSA/0.02% 

TritonX-100. All the slides were then washed with PBS before incubation with HRP-secondary antibody 

(Vectastain ABC kit, Vector Laboratories, Burlingame, USA). Detection of HRP was performed with AEC 

substrate chromogen and counterstaining with heamalun was carried out for 5 min. All slides were mounted in 

Glycergel for observation in an Olympus AX70 microscope.   
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in the presence of CRM 197 as a HB-EGF neutralizing agent. These results reveal that HB-EGF is not involved 

in the early phosphorylation of EGFR observed after the topical application of DNFB, but this growth factor 

seems implicated in the longer maintenance of EGFR activation signal (Figure 8a). Moreover, the IL-8 

accumulation in the extracellular medium after 22h of exposure to chemicals (DNFB, Oxa, Cin and Iso) was not 

significantly modified by the use of CRM 197 (Figure 8b), suggesting that HB-EGF, despite his involvement in 

late EGFR phosphorylation, is not involved in IL-8 release.  

 

The release of IL-8 is not responsible for HB-EGF expression and release. 

As reported in Figure 3, impairment of EGFR signalling drastically reduces the proHB-EGF expression observed 

after 4h of exposure to DNFB (Figure 9a). Since we report here that inhibition of EGFR tyrosine kinase activity 

reduces the IL-8 release observed after exposure of RHE to DNFB, and since it was reported that IL-8 induction 

in epithelial cells contributes to activate some release of EGFR ligands into the extracellular environment, 

notably through activation of a specific G protein-coupled receptor (GPCR) like the IL-8 receptor [19,34], an IL-

8 neutralizing antibody was used in order to investigate the involvement of IL-8 in induction of HB-EGF 

expression. The neutralization of released IL-8 did not modify the phosphorylation of EGFR and the proHB-

EGF expression (Figure 9b), suggesting that IL-8 is not able to control these phenomena. Using recombinant IL-

8 protein, we further confirmed that IL-8 added in extracellular medium is not involved in activation of EGFR 

signalling and HB-EGF expression in RHE (data not shown). 
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In addition, it could be of interest to mention that EGFR is mainly localized within cholesterol-enriched 

membrane microdomains named lipid rafts [51].  The functional significance of lipid rafts in keratinocytes has 

been considerably studied [32,25,33,20] and our lab has shown EGFR activation and internalization in 

keratinocytes after lipid raft disruption, but also after treatment of keratinocyte monolayers with DNFB [26,25]. 

Moreover, significant transient expression and release of IL-8 and HB-EGF were also observed [33]. Since 

transcriptional profiling of lipid raft-disrupted keratinocytes revealed regulations found in atopic dermatitis 

(AD), altogether those results suggest that lipid raft organization and related cell signalling are likely perturbed 

in skin disease [33]. Those similarities with our present data obtained with keratinocytes embedded in RHE and 

exposed to sensitizing chemicals lead us to hypothesize that, during sensitization, interactions of keratinocytes 

with sensitizing molecules may also involve membrane microdomains. More direct analysis of keratinocyte 

membrane domains are now required in order to test this hypothesis [27,25,20]. 

To conclude, studies performed on complex models composed of keratinocytes embedded in RHE allow better 

identification of early keratinocyte response to harmful chemicals. Particularly, investigation of keratinocyte 

signalling that controls expression and release of cytokines appears of great interest in highlighting potential 

biomarkers for their use in discrimination of sensitizing versus non-sensitizing chemicals. Transient and 

sustained phosphorylation of EGFR, due to tyrosine kinase activation that also regulates IL-8 and HB-EGF 

expression and release, seems to specifically occur in RHE treated with sensitizers. However, more known 

sensitizing chemicals should ideally be applied on RHE in order to sustain our current data. How chemicals 

interact with keratinocytes, especially with their membranes, in order to activate EGFR signalling is still 

hypothetical, but represents an interesting topic to further explore physiological keratinocyte response to 

chemicals and to bring new ideas in order to develop more relevant and accurate alternative methods useful for 

cutaneous toxicology. 
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Figure 2. Exposure of RHE to sensitizing chemicals induces early transient phosphorylation of EGF 

receptor. Proteins extracted from RHE exposed for 0, 1, 2, 4, 8 or 22 hours to DNFB (a), Oxa (b), Cin (c) or Iso 

(d) were then subjected to SDS-PAGE and Western blot analysis using antibodies against total (EGFR tot) and 
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phosphorylated form of EGFR (tyrosine 1173) (pEGFR). Data are representative of at least three independent 

experiments. 
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Figure 3. The inhibition of EGFR tyrosine kinase activity reduce the phosphorylation of the EGFR from 

RHE exposed to sensitizing chemicals. RHE were pre-treated or not with 1µM AG 1478 (a) (b) or 500nM PD 

153035 (a) specific inhibitors of EGFR tyrosine kinase activity. RHE were then topically treated for 2h with 

0.250 mg/ml DNFB. (a) RHE were lysed and subjected to Western blotting analysis using antibodies against 

total (EGFR tot) and phosphorylated forms of EGFR (tyrosine 1173) (pEGFR). (b) Paraffin sections of RHE 

were labelled against phosphorylated forms of EGFR on tyrosine 1173. Section of negative control do not 

receive primary antibody.   
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Figure 4. The inhibition of EGFR tyrosine kinase activity reduce the expression and release of IL-8 from 

RHE exposed to sensitizing chemicals RHE were pre-treated or not with specific inhibitors of EGFR tyrosine 

kinase activity, AG 1478 (1µM) or PD 153035 (500nM). (a) RHE were topically exposed for 4h or 8h to DNFB 
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Figure 6. The keratinocyte response to sensitizing chemicals depends on ligand-dependent and ligand-

independent activation of EGFR. RHE were incubated for 2h with neutralizing LA1 antibody (10µg/ml). (a) 

Cultures were exposed or not for 2h to DNFB (0.250 mg/ml). Proteins were then extracted and analyzed by 
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Figure 7. Expression of ProHB-EGF is induced by sensitizers. RHE were exposed for 0, 1, 4, 8, 20 or 24h to 

DNFB (0.250 mg/ml) (a), Oxa (5 mg/ml) (b), Cin (2.5 mg/ml) (c) and Iso (2.5 mg/ml) (d). Protein extracts were 
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prepared and analysed by Western blot analysis for proHB-EGF and RPL13A (60S ribosomal protein L13a), as a 

loading control.  
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Figure 8. HB-EGF is not the ligand involved on EGFR activation responsible for IL-8 release observed 

after topical application of sensitizers. (a) RHE were incubated for 2h with CRM 197 (10 µg/ml), then 

exposed or not for 2h or 4h to DNFB (0.250 mg/ml). Proteins were then extracted and analyzed by Western 

blotting using specific antibodies for total (EGFR tot), as a loading control, or phosphorylated form of EGFR 

(pEGFR). ProHB-EGF and RPL13A (60S ribosomal protein L13a), as a loading control, was also investigated. 

(b) RHE were incubated for 2h with CRM 197 (10 µg/ml), then exposed for 22h to DNFB (0.250 mg/ml), Oxa 

(5 mg/ml), Cin (2.5 mg/ml) or Iso (3 mg/ml) before cell survival assays. IL-8 were measured in collected culture 

medium. Data show the mean +/- SEM of values obtained in triplicates. 
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Figure 9. The release of IL-8 is not responsible for HB-EGF expression and release. RHE were pre-treated 

or not with (a) 1µM AG 1478 as a specific inhibitor of EGFR tyrosine kinase activity or with (b) 0.5 µg/ml of 

IL-8 neutralizing antibody. (a) (b) RHE were then topically treated for 2h with 0.250 mg/ml DNFB, lysed and 
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subjected to Western blotting analysis using antibodies against total (EGFR tot) and phosphorylated forms of 

EGFR (pEGFR). ProHB-EGF and RPL13A (60S ribosomal protein L13a), as a loading control, were also 

investigated. 
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Online Resource 2. Benzalkonium chloride (BC) induces different keratinocyte response in RHE exposed 

to this typical irritant. (a) RHE were exposed for 22h to increasing concentrations of BC. After incubation, the 

culture medium under the tissues was collected and analysed using ELISA assays in order to quantify the amount 
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