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Abstract

The epidermis is the outermost protection of the organism. As so, defence program has to be
initiated in stress situation in order to protect keratinocytes. The EGF receptor (EGFR)
controls cell proliferation and migration in keratinocytes, being a major regulator of
keratinocyte homeostasis within the epidermis. The EGFR is known to be internalized without
addition of ligand under the control of p38 MAPK during stress conditions in HeLa cells, but
also following lipid rafts disruption in keratinocytes. This could represent an alternative
internalization process that removes the EGFR from cell surface. Here, we investigated
whether other stress conditions such as scratch wounding keratinocyte monolayer or
incubation with a sensitizer chemical (i.e. DNFB), could also induce this peculiar mechanism
of EGFR internalization. Our results show that both stressing conditions induce p38 MAPK
activation concomitantly with EGFR internalization, independently of ligand-binding to the
EGFR. Inhibition of p38 MAPK activity during scratch wound blocks EGFR internalization
at the margin of the wound while cell migration is impeded. Our results show thus that the
p38 MAPK-dependent EGFR internalization is a process shared by Kkeratinocytes when

submitted to challenging conditions.



Introduction

The epidermis is the most external layer of the skin and represents the most important barrier
against external physical or chemical stresses. In this regard, the regulation of the keratinocyte
homeostasis in epidermis has to be well-balanced between proliferation and differentiation.
This regulation can be obtained and controlled by signalling through the EGF receptor. This
member of the Receptor Tyrosine Kinase family controls cell proliferation by activation of the
ERK1/2 MAPK pathway, but also controls cell migration, for instance by its interaction with
integrin a6p4 [5], and cell survival.

It has been shown that during stress conditions such as UV exposure and treatment with TNF-
o or anisomycin, HeLa cells were able to induce a particular non-typical internalization of
EGFR (independent of ligand addition) under the control of p38 MAPK [9, 10]. In this regard,
we have recently demonstrated that this non-typical process also takes place during recovery
period following lipid rafts disruption in normal human epidermal keratinocytes [3]. Actually,
disruption of the lipid rafts signalisation platforms produced by cholesterol depletion leads to
activation of several signalling pathways, including the EGFR [4] and the p38 MAPK [2]
pathways in keratinocytes. Following recovery periods after cholesterol depletion, the
activation of p38 MAPK and EGFR are sustained and the growth factor HB-EGF is produced
[6]. The EGFR internalization induced during these recovery periods depends on p38 MAPK
activity as it is blocked by inhibition of p38 MAPK [3]. Here, we examined whether other
stress conditions that potentially affect epidermal keratinocytes could also trigger this ligand-
independent internalization of EGFR under p38 MAPK control. For this purpose, we tested
the effect of scratch wound or contact with the chemical sensitizer dinitrofluorobenzene

(DNFB), on p38 activation as well as on the cellular localization of EGFR in keratinocytes.



Materiel and methods

Normal human keratinocytes were obtained and cultured as described in [2]. For scratch
wounding, a linear scratch wound was made with a 200 ul pipette tip in confluent culture of
kératinocytes (if cultures were assigned for Western blot analysis, 16 scratch wounds were
realized in a 30 mm Petri dish). Cultures were then washed to remove cellular debris,
transferred to fresh medium (Epilife, Cascade Biologics) without any added serum or growth
factors and allowed to recover for 30 min or 1 hour. Other keratinocytes cultures were
incubated in presence of DNFB (0.08 pg/ml, Sigma) for 30 min or 1 hour. Cell lysates were
extracted and subjected to SDS-PAGE analysis and Western blotting for p38 and its
phosphorylated form using specific antibodies: p38 and pp38 (Thr 180/Tyr 182)(Cell
Signalling Technology, Boston, MA). Optical densities were obtained and measured using the
ImageQuant 350 device and software from GE Healthcare. Culture media were tested for AR
using ELISA test (BD Pharmingen) according to manufacturer’s protocol. Results from three

independent experiments were analysed using Student’s t-test.

For p38 MAPK and MEK inhibition, cells were pre-treated for 30 min with the specific p38
MAPK inhibitors PD169316 (15 uM) or SB202190 (10 uM) or MEK inhibitor PD98059 (2
puM; all from Calbiochem VWR, Leuven). Keratinocytes were then incubated with DNFB
(0.08 ug/ml, Sigma) for 1 hour or scratched as described above, allowed to recover for 1 hour.
Cells were fixed with 4% paraformaldehyde in PBS and immuno-stained for EGFR using the
LA1 antibody (Millipore, Molsheim), followed by antibody directed against mouse 1gG and
coupled with AlexaFluor 488 (Invitrogen, Merelbeke). Cells were observed by confocal
microscopy (Leica) using a 63X objective. Cells on four images from three independent
experiments were quantified as described in [3] and statistical analysis was performed using
Student’s t-test.

Alternatively, cells were allowed to recover and migrate for 24 hours before being fixed with
4% paraformaldehyde in PBS and stained with toluidin blue (0.05% in 1% Borax). Cells were
then observed with bright field light microscopy (Olympus) using a 4X objective.

For EGFR ligand-binding site neutralization, cells were pre-treated with the EGFR
neutralizing antibody LA1 (10 pg/ ml, Millipore) or the amphiregulin neutralizing antibody
(20 pg/ml, BD Pharmingen) for 30 min. Cells were then either scratched and allow to recover

for 30 min or incubated with DNFB (0.08 pg/ml) for one hour in presence or absence of the



neutralizing antibody. Keratinocytes were then fixed and stained for the EGFR as described

above.



Results and discussion

Confluent autocrine cultures of keratinocytes produced as monolayers were scratched and
allowed to recover in autocrine culture medium (without growth factors) or treated with the
sensitizer DNFB before cell lysis and Western blot analysis for p38 MAPK phosphorylation.
30 min and 1 hour after the scratch wound or after incubation with DNFB, p38 MAPK is
found activated (Fig. 1a and 1b). Indeed quantification of the Western blot performed in Fig.
la shows a strong induction of p38 phosphorylation in keratinocyte’s cultures subjected to
scratch wounding and allowed to recover for 30 min (Fig. 1b). After DNFB treatment, p38
was found slightly phosphorylated as shown by Western blot (Fig. 1a) and optical densities
measurements (Fig. 1b). Moreover, using confocal microscopy, the cellular localization of the
EGFR in the margin of the scratch wound, or in DNFB-treated cells, is found inside the cell
cytoplasm despite no ligand has been (Fig. 1c). Measurement of the pixel intensities at the cell
periphery or in the cell cytoplasm show significant differences in the control cells but not in
cells located at the margin of the scratch wound or treated with DNFB (Fig. 1d).

We next examined whether this internalization of the EGFR could be under the control of p38
MAPK, as we had previously reported in keratinocytes after cholesterol depletion [3]. Indeed,
when p38 MAPK activity was blocked by specific inhibitors such as PD169316 or SB202190
before identical treatments, the EGFR was mainly found at the cell periphery despite the
stressing conditions, indicating that this EGFR internalization process is p38 MAPK-mediated
(Fig. 2a). Moreover, quantification of the pictures obtained by microscopy and analysed as
previously described [3] demonstrated a significantly increased localization of the EGFR at
the cell periphery at the margin of the scratch wound, as well as in cells treated with DNFB
when p38 MAPK is inhibited (Fig. 2b). This effect depends specifically on p38 MAPK
activity since the use of PD98059, inhibiting MEK activity, responsible for ERK1/2
activation, does not impede EGFR internalization after scratch wounding or chemical stress
(Fig. 2).

As in our conditions, the EGFR internalization is concomitant with cell migration appearing
following scratch in cell cultures, we suggest that this particular processing of EGFR
dependently of p38 MAPK activation might be involved in the setting up of cell migration
process. Indeed, when p38 MAPK is inhibited in challenged keratinocytes, the ligand-
independent EGFR internalization does not occur (Fig 2. a) and the process of migration is
blocked [1, 8] (and data not shown).



Since the EGFR may be activated and internalized due to ligand-binding, we tested whether
stress conditions would induce cleavage of EGFR proligands from cell membrane. As
keratinocytes are known to depend on AR liberation to induce autocrine growth [7] and
because we found that AR was secreted following cholesterol depletion (Lambert and
Poumay, unpublished results), we tested whether scratch wound or DNFB treatment would
induce AR release. As shown in Fig. 3, no significant increase of the AR concentration was
measured following either scratch wound or DNFB treatment. Moreover, the neutralization of
the ligand-binding pocket of the EGFR with the LA1 antibody did not induce changes in the
internalization of the EGFR in these conditions (data not shown), suggesting that the EGFR
internalization is independent of any ligand binding to the receptor.

In summary, a ligand-independent but p38-dependent EGFR internalization process is
involved in the control of keratinocyte physiology during the challenging situations that
correspond to tissue repair or chemical stress as we reported here. This common atypical
EGFR processing strongly suggest that a temporary re-localization of the EGFR can be part of

the mechanisms involved during the aetiology of epidermal disease.
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Figure 1: p38 MAPK is activated in DNFB-treated or scratch-wounded keratinocytes

(@): Cells were left as control (C), or a linear scratch wound was made (Sc) and cells were
allowed to recover for 30 min or 1 hour, or cells were treated with DNFB (D, 0.08 pg/ml) for
30 min or 1 hour. Cell lysates were then analysed by Western blotting for p38 MAPK
phosphorylation.

(b): Optical density measurement of the Western blot presented in (a).

(c): Keratinocytes were treated as in (a) and prepared for confocal microscopy. Cells were
fixed and stained for the EGFR before being observed by confocal microscopy (scale bar: 40
pum).

(d): Histogram showing the repartition of the EGFR between the cell periphery (black
column) and the cell cytoplasm (white column) after analysis of the images obtained in (b) by
confocal analysis using the ImageJ software. Data are means +/- SD of 3 independent

experiments. ns= non significant, ***=p<0,005.
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Figure 2: EGFR internalization depends on p38 MAPK activation in stress situation

(a): Keratinocytes were treated as in Figure la in presence of p38 MAPK inhibitors
PD169316 (15 uM) or SB202190 (10 puM) or MEK inhibitor PD98059 (2 pM). After one
hour, cells were fixed with paraformaldehyde 4% in PBS and stained for EGFR using the
LAL antibody followed by antibody directed against mouse IgG coupled with Alexa Fluor
488. Cells were observed by confocal microscopy (Leica) using a 63X objective (scale bar: 40

pum) and images were quantified as described in [3].
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(b): The images in (a) were analysed using the ImageJ software and histogram represents
means +/- SD of 3 independent experiments. ns= non significant, **=p<0,01 and
***=p<0,005.
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Figure 3: No amphiregulin secretion during stress conditions

Cells were either let as control (Ctl), scratched and allowed to recover for 30 min or treated
for one hour with DNFB (0.08 pg/ml). Culture medium was then collected and tested for AR
using ELISA test.
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