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ABSTRACT

OBJECTIVE

Although xerosis is a common skin disorder among the population, there is no in vivo
global study focusing on healthy xerotic skin. Hence, the objective of this study was to
characterize xerotic skin from the surface to the molecular scale with in vivo and non-

invasive approaches.

METHODS

For this purpose, 15 healthy volunteers with normal skin and 19 volunteers with healthy
xerotic skin were selected by a dermatologist thanks to a visual scorage. Firstly, the
skin surface was characterized with biometric measurements. Then, the state of skin
dryness was assessed by in vivo confocal microscopy. The molecular signature of
xerotic skin was then determined by in vivo confocal Raman microspectroscopy.
Finally, an identification of stratum corneum (SC) lipids was performed using Normal
phase liquid chromatography (NP-LC) coupled to two detectors: Corona and /High

Resolution Mass Spectroscopy (HR/MS).

RESULTS

Results obtained at the skin surface displayed an increase of the transepidermal water
loss (TEWL) and a decrease of the hydration rate in xerotic skin. Confocal microscopy
revealed an alteration of the cell shape in xerotic skin. Moreover, confocal Raman
microspectroscopy demonstrated for the first time directly in vivo and non-invasively
the lack of organization and conformation of lipids in this skin. Finally, HPLC analyses
revealed that three ceramide sub-classes (NDS, NS and EOP) significantly decrease in
xerosis. Altogether, these results identify parameters for the characterization of healthy

xerotic skin compared to normal.
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CONCLUSION

This study highlighted for the first time in dermo-cosmetic research, discriminative
parameters from the surface to the molecular level in vivo and non-invasively between
healthy xerotic and normal skins. These results will be useful for the development of

new cosmetic active ingredients dedicated to xerotic skin.
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INTRODUCTION

In healthy normal skin, the epidermis, and more precisely its upper layer the
stratum corneum (SC), is involved in the protection against external aggressions such
as pollutants, chemicals or micro-organisms (1,2). The SC is composed of end
maturated keratinocytes annucleated, named corneocytes, that are surrounded by a
lipid matrix ensuring the cellular cohesion (3) which is essential for the maintenance of
the skin barrier permeability (4). Lipid synthesis occurs in the lamellar bodies of
keratinocytes in all nucleated layers of the epidermis, and the newly synthesized and
maturated lipids are delivered to the interstices of the SC during epidermal
differentiation (5,6). Indeed, in a normal SC there is an equimolar proportion of
ceramides (CER), cholesterol (CHOL) and free fatty acids (FFA) (7). The change in the
lipid composition during the formation of the SC results in a very densely packed
structure (8). Lipids play an irreplaceable role in skin barrier by avoiding water
disruption and ensuring the hydration of the skin (9). The lipid organization is also
essential for maintaining the skin barrier permeability. In healthy normal skin, lipids
display an orthorhombic organization, corresponding to an important lipid compacity

restraining the water disruption (8).

An alteration of the skin barrier is involved in some diseases such as atopic
dermatitis, lamellar ichthyosis and Gaucher disease. These diseases are characterized
by a pathological state of xerosis inducing an alteration of lipid organization and a
breakdown of the skin barrier function (10,11). Recently, we identified in vivo and non-
invasively a specific molecular signature of atopic skin compared to normal skin
revealing a disruption of the lipid matrix in this pathology (12). Moreover, a study from
Choi and Maibach demonstrate that CER are very important for a proper barrier

function (13).
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However, xerosis, so called dry skin, could also be observed in healthy skin.
This is a common skin disorder that could be due to extrinsic (climate, environment,
lifestyle) or intrinsic (hormones, disease) factors (14,15). Xerotic skin is visually
characterized by a high dehydration inducing scales and rough surface (16). Moreover,
a study conducted ex vivo by tape stripping revealed a significant decrease of
ceramides level in xerotic skin, depending of the grade of the xerosis (17). These
observations are related to a modification of the lipid composition and organization
observed exclusively ex vivo up to date (18,19). Indeed, if there are experimentations
performed ex vivo on xerotic skin, there is no global study comparing, from visual

scorage to the molecular level, healthy xerotic and healthy normal skins.

The aim of our publication was thus to conduct a complete study directly in vivo and
non-invasively on healthy volunteers to define parameters discriminating normal from
xerotic skin. For this purpose, we firstly measured the biometric parameters and
determined the dryness by confocal microscopy. Then, in vivo confocal Raman
microspectroscopy characterized a spectral signature of xerotic skin. Finally, the lipid
composition was determined using Normal phase liquid chromatography (NP-LC)
coupled to two detectors: Corona and /High Resolution Mass Spectroscopy (HR/MS).
Altogether, these results provide for the first time in dermo-cosmetic research a global

study of healthy xerotic skin compared to normal.
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EXPERIMENTAL DESIGN
Description of the panel

A first group of 15 healthy volunteers with normal skin (mean age: 58 years) and a
second group of 19 healthy volunteers with xerotic skin (mean age: 57 years) were
selected by a dermatologist. The dryness was visually evaluated under a standardized
racking light by a trained expert according to a scale scoring from 1 (without dryness)
to 4 (high level of dryness) as previously described (20). Volunteers involved in this
study gave their written informed consent. Washing skin and application of topical
products were prohibited 48 hours before measurements. In vivo measurements were
performed on outside arms or the calf following 15 minutes of acclimation under control

room conditions (22°C + 2°C and 40% of relative humidity).
Biometric measurements

Transepidermal water loss (TEWL) was measured using Tewameter® TM210 (Courage
& Khazaka electronic GmbH, Koéln, Germany) and skin hydration was obtained with
Corneometer® CM820 (Courage & Khazaka). To minimize the intra-individual variation,
the presented TEWL and skin hydration values are the mean of 3 measurements for

each subject.
In vivo confocal microscopy

Image acquisitions were obtained in vivo with a confocal microscope (Vivascope® 1500
Trilaser, Mavig GmbH, Munich, Germany) in fluorescence mode (445 nm) using
fluorescein (Sigma, St. Louis, Mo, USA) as contrast agent. The SC was examined at
each depth (z), starting from the surface of the epidermis (depth 0 um) and descending

down to a relative depth of 18 um in 3 ym steps. Images were processing as previously
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described by Guzman et al (21). A blind evaluation of reconstructed images was then

performed by trained experts.

In vivo confocal Raman microspectroscopy

Raman investigations were performed using an in vivo confocal Raman microprobe
(Horiba Jobin Yvon, Palaiseau, France) coupled to a dispersive Raman spectrometer
(Micro HR, Horiba Jobin Yvon) and piloted with the software Labspec 5 software
(Horiba Jobin Yvon). A description of this system is detailed in precedent studies (22).
Raman profiles were collected from the surface to a relative depth of 30 uym. Five
spectra were acquired by area of measurement and spectral data pre-processing was
realized with Matlab® 7.2 (MathWorks, Natick, USA). Aberrant profiles were excluded
by visual inspection of data. Selected profiles were submitted to a succession of

corrections as previously described (12).

Identification of Stratum Corneum lipids

The in vivo SC lipid extraction was performed using the method previously described
by C. Merle et al. (23). Lipid extracts were analyzed using a silica-grafted polyvinyl
alcohol (PVA)-Sil column (PVA-bonded column; 5um particle size, 150 x 4.6 mm)
purchased from YMC (Kyoto, Japan). The HPLC system (Ultimate 3000 Dionex,
Thermofisher Scientific, San Jose, CA) was coupled to Corona® CAD (ESA
Biosciences, Chelmsford, USA). The analysis was performed using Chromeleon
software. A NP-LC/HRMS analysis with an APCI in positive and negative mode was
then conducted using an hybrid mass spectrometer LTQOrbitrap Velos Pro
(Thermofisher Scientific, San Jose, CA) The molecular formula of lipids was obtained

with the Xcalibur software (Thermo Scientific, Waltham, USA)

Statistical analyses
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The distribution and the significance of results were respectively determined by

Shapiro-Wilk and Wilcoxon tests with the Statgraphics software (Centurion).

Univariate analyses were obtained by Student's t test and considered as a non-
significant difference if P>0.05. Values are considered significantly different and

represented with * if P<0.05, ** if P<0.01 and *** if P>0.001.

Multivariate analysis “Partial Least Square-Discriminant Analysis” (PLS-DA) was
conducted on data from volunteers taken into account biometrologicals and spectral
variables. Data were normalized before analysis with the SIMCA-P 11 software

(Umetrics, Umea, Sweden).

The randfeatures tests were used to characterize discriminating Raman frequencies

between the groups of volunteers (normal skin and xerotic skin).
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RESULTS

Comparison of healthy normal and xerotic skin surface parameters by using

biometric measurements

We firstly compared the skin surface from normal and xerotic skins. Results displayed
in the figure 1 highlight a significant increase of the TEWL (Fig.1a) and a decrease of

the hydration level (Fig. 1b) in xerotic skin.

Comparison of healthy normal and xerotic skins at the cellular level by in vivo

confocal microscopy

Then, cell morphologies in normal and xerotic skins were investigated by using in vivo
confocal microscopy. Figure 2 corresponds to representative images of corneocytes in
normal and xerotic skins. This figure reveals specific cell morphologies. Indeed, normal
skin corneocytes have a hexagonal shape with a honeycomb structure while they have

a rounded shape and a scale disposition in xerotic skin (Figure 2).

Comparison of healthy normal and xerotic skin molecular signature by in vivo

confocal Raman microspectroscopy

To determine if xerotic skin had a specific molecular signature compared with normal
skin, spectra obtained by in vivo confocal Raman microspectroscopy were obtained
non-invasively on normal and xerotic skins. Figure 3 highlights significant differences
between normal and xerotic skins at different wavenumbers (vertical lines) referring to
the lipids. Indeed, bands between 1065 and 1130 cm™ referring to the lipid organization
display significant differences resulting in a lower density of cutaneous lipid structures
in xerotic skin. Moreover, there is also significant differences around the spectral region

of 1620-1680 cm™, corresponding to the stretching of amide | band. These differences
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involved a modification in the chemical microenvironment of ceramides, thus inducing

an impairment of the compactness of lamellar lipid structures with xerosis.

Comparison of healthy normal and xerotic skin lipid composition by HPLC

In order to go further in the characterization of xerotic skin, the composition of the lipid
matrix was then analyzed by HPLC-Corona. The percentages of the three lipid classes
of SC (fatty acids, cholesterol and ceramides) were relatively identical in both types of
xerotic and normal skins. However, an evolution within ceramide micro-heterogeneity
was observed. Results demonstrated a discrimination between some chromatographic
peaks (data not shown). To strengthen and complete these results, a study by NP-
LC/HRMS APCI was conducted. CER that were found to be involved in xerotic skin
belong to three ceramide sub-classes: non-hydroxy fatty acid dihydrosphingosine
(NdS), non-hydroxy fatty acid sphingosine (NS) and Esterified w-hydroxy fatty acid
phytosphingosine (EOP). In fact, 10 m / z ions varied significantly. But for the most
part, the lack of sensitivity in negative mode did not allow a confirmation of the
structures. Nevertheless, three EOP CER were identified with APCI negative and
positive modes. Molecular ions in negative mode [M+CI] were m/z 1050.9163,
1064.9322 and 1078.9477. Moreover, molecular ions in positive mode [M+H]" were m/z
1016.95, 1030.97 and 1044.89. The corresponding determined raw formula were
CesH126NOg, CesH128NOg and Cg7H130NOg respectively. Results displayed in the Figure 4
illustrated the discriminatory character of these three types of CER which are
substantially decreased in xerotic skin.

Multiparametric characterization of xerotic skin by using PLS-DA statistical

analysis

A PLS-DA statistical analysis was performed with spectral variables and biometric
measurements. Results displayed in the figure 5 revealed a significant discrimination

according to the component 1 between normal and xerotic skins regarding spectral
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variables and biometric measurements (SC lipid organization, compactness and

composition, relative content in lipids, TEWL and hydration level).
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DISCUSSION

If xerotic pathological skin is characterized at the molecular level, to our
knowledge there was no study discriminating healthy normal from healthy xerotic skin
in vivo and non-invasively. We thus conducted multiparameter analyses from biometric
measurements to HPLC analyses through in vivo confocal microscopy and confocal
Raman microspectroscopy. Firstly, the biometric parameters confirmed that volunteers
selected by the dermatologist display skin surface characteristics of xerotic skin that
are roughness and dryness (24). These results were confirmed by in vivo confocal
microspectroscopy experiments revealing a modification of the cell shape in xerotic
skin with a rounded shape and a scale disposition, in correlation with a disorganization
of the skin barrier. Indeed, a similar change was also observed in a previous study we
conducted on healthy skin with an altered skin barrier function by Sodium Lauryl

Sulfate, known to disrupt the skin barrier (21).

Previous studies, conducted ex vivo and invasively, report an alteration of the
lipid matrix in xerotic skin (18,19). Indeed, the SC lipid matrix ensures the skin barrier
function avoiding the water disruption (4). However, to our knowledge, no data was
available on the in vivo characterization of the lipid matrix in healthy xerotic skin
compared to healthy normal skin. In vivo confocal Raman microspectroscopy is an
adapted tool to analyze specific molecular descriptors of the SC (25). Indeed, this
approach allowed us to recently characterize for the first time in vivo and non-invasively
the molecular signature of atopic skin (12). The analysis of the spectra highlighted that
lipids of the SC were significantly modified in healthy xerotic skin. Indeed, the lipid
content was decreased and the lipid organization and compactness were impaired with
xerosis. These results confirmed the alteration of the normal orthorhombic organization
of the lipid matrix in vivo and could explain the water loss measured in healthy xerotic

skin. To go further in the study of this skin disorder, the lipid composition was then
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analyzed. For this purpose, we used liquid chromatography, a technique previously
used to characterize lipid composition in normal skin (23). Results determined that
three CER were mainly deficient in xerotic skin. Comparatively to normal skin, the
decrease of these CER revealed a change in the structural micro-heterogeneity of SC
lipids with xerosis. This modification is in correlation with an alteration of the skin

barrier function (26).

Hence, this in vivo and non-invasive multiparameter analysis allowed for the
first time in dermo-cosmetic research to characterize xerotic skin from visual to
molecular level. Altogether, these results allowed a better understanding of xerotic skin,
a healthy skin condition not yet characterized in vivo and non-invasively. This study will
enable the development of specific cosmetic active ingredients dedicated to healthy

xerotic skin.
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FIGURES

Figure 1. Modification of skin surface parameters in xerotic skin. a. Measurement of the
TEWL with a Tewameter® at the surface of normal and xerotic skins. b. Measurement of the
hydration level with a Corneometer® at the surface of normal and xerotic skins. Statistical
analyses were determined by Student’s t test with ***: P<0.001.

Figure 2. Modification of the cell morphology in xerotic skin. Confocal microscopy images and
analysis of the corneocytes morphologies in normal and xerotic skins.

Figure 3: Modification of the molecular signature in xerotic skin. Analysis of confocal Raman
microspectroscopy spectra of normal and xerotic skins with a Randfeatures statistical analyses
(P<0.05).

Figure 4: Study of the HPLC signal intensity for the three EOP CER in normal and xerotic skins.
Statistical analyses were determined by Student’s t test with *: P<0.05.

Figure 5: Analysis of spectral variables and biometric measurements with a Partial Least
Square-Discriminant Analysis (PLS-DA).
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Figure 1. Modification of skin surface parameters in xerotic skin. a. Measurement of the TEWL with a
Tewameter® at the surface of normal and xerotic skins. b. Measurement of the hydration level with a
Corneometer® at the surface of normal and xerotic skins. Statistical analyses were determined by Student’s
t test with ***: P<0.001.
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Normal skin

Figure 2. Modification of the cell morphology in xerotic skin. Confocal microscopy images and analysis of the
corneocytes morphologies in normal and xerotic skins.
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27 Figure 3: Modification of the molecular signature in xerotic skin. Analysis of confocal Raman
28 microspectroscopy spectra of normal and xerotic skins with a Randfeatures statistical analyses (P<0.05).
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Partial Least Square-Discriminant Analysis (Normal skin/Xerotic skin)
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