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Abstract

Objective: Lip skin dryness and chapping are major concerns related to lip skin
care in many populations. The distinctive features of lip skin, such as the low water-
holding capacity and weak skin barrier, are strongly associated with these problems;
however, few studies have examined lip skin characteristics and the mechanisms un-
derlying these issues. This study was conducted to identify the biophysical properties
of dry lip skin and molecular targets affecting lip skin physiology.

Methods: Skin hydration, transepidermal water loss and lip skin scaling were evalu-
ated in 40 female subjects. Skin scaling was assessed as a percentage area divided
into five categories (GO, G1, G2, G3 and G4) according to the thickness level of
tape-stripped corneocytes. The activities and amounts of proteases, cathepsin D and
bleomycin hydrolase were measured as markers for the desquamation process and
skin hydration, respectively.

Results: Skin hydration showed a significantly positive correlation with the percent-
age area of evenly thin corneocytes (GO) and negative correlations with the percent-
age areas of slightly thick to severely thick corneocytes (G1-G4). The corneocyte
unevenness ratio (CUR) was calculated by dividing the sum of the G1, G2, G3 and
G4 values with the GO value. The CUR was significantly negatively correlated with
skin hydration, suggesting that CUR is a new parameter representing the severity of
lip scaling. Subjects with lower hydration and higher CUR had higher bleomycin hy-
drolase activity and lower cathepsin D activity, respectively, than subjects with higher
hydration and lower CUR.

Conclusion: Our study revealed a correlation between lip skin hydration and severity
of lip scaling and verified the association of protease activity with the hydration and
chapping state of lip skin. These observations provide a basis for further studies of the
persistent problem of lip skin dryness and chapping.
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Résumé

Objectif: La sécheresse et la gercure de la peau des levres sont des préoccupations
majeures liées aux soins de la peau des levres chez de nombreuses populations.
Les caractéristiques distinctives de la peau des levres, telles que la faible capacité
de rétention d’eau et la faible barriere cutanée, sont fortement associées a ces prob-
Iemes ; cependant, peu d’études ont examiné les caractéristiques de la peau des levres
et les mécanismes sous-jacents a ces problemes. Cette étude a ét€ menée dans le
but d’identifier les propriétés biophysiques de la peau seche des levres et les cibles
moléculaires affectant la physiologie de la peau des levres.

Méthodes: L’hydratation cutanée, la perte d’eau transépidermique et la desquama-
tion de la peau des levres ont été évaluées chez 40 sujets de sexe féminin. La des-
quamation cutanée a été évaluée en tant que pourcentage de surface, divisée en cinq
catégories (GO, G1, G2, G3 et G4) en fonction du niveau d’épaisseur des cornocytes
sur la bande adhésive. Les activités et quantités des protéases, de la cathepsine D et
de la bléomycine hydrolase ont ét¢ mesurées comme marqueurs du processus de des-
quamation et de I’hydratation cutanée, respectivement.

Résultats: L’hydratation cutanée a montré une corrélation significativement posi-
tive avec le pourcentage de surface avec cornocytes uniformément minces (GO0), et
des corrélations négatives avec les pourcentages de surface avec cornocytes 1égere-
ment épais a tres épais (G1-G4). Le rapport d’irrégularité des cornocytes (Corneocyte
Unevenness Ratio, CUR) a été calculé en divisant la somme des valeurs de G1, G2,
G3 et G4 par la valeur de GO. Le CUR était significativement corrélé négativement
avec I’hydratation de la peau, ce qui suggere que le CUR est un nouveau parametre
représentant la gravité de la desquamation des Ievres. Les sujets avec une hydratation
plus faible et un CUR plus élevé présentaient une activité de la bléomycine hydrolase
plus élevée et une activité de la cathepsine D plus faible, respectivement, par rapport
aux sujets avec une hydratation plus élevée et un CUR plus faible.

Conclusion: Notre étude a révélé une corrélation entre I’hydratation de la peau
des levres et la gravité de la desquamation des levres, et a vérifié 1’association de
Pactivité de la protéase avec 1’état d’hydratation et de gercure de la peau des levres.
Ces observations fournissent une base pour d’autres études sur le probleme persistant
de la sécheresse et de la gercure de la peau des levres.

INTRODUCTION

The lip skin has unique characteristics because it is located
at the boundary of the mucous membrane and facial skin.
Unlike the skin on the rest of the body, the lip skin comprises
a thin stratum corneum (SC) and no hair or sweat glands.
Additionally, the non-keratinized epithelium of the lip skin is
directly exposed to the external environment. These features
make the lip skin more susceptible to dry conditions than

skin on the other areas of the body. The lip skin has a higher
transepidermal water loss (TEWL) and lower water content
than skin on the cheeks [1, 2].

The water-holding capacity of the lip skin is strongly asso-
ciated with lip function. Dry and chapped lips accompanied by
flaking and peeling of corneocytes (scales) are among the most
common problems in the population, with lips showing a low
water-holding capacity. Even the population with normal skin
often experiences these issues in extreme climatic conditions.
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However, previous studies of the lip skin mostly focused
on age-related changes rather than functional problems. Some
studies revealed changes in biophysical features and found that
the hydration (capacitance) of the lip increases, whereas the
TEWL and redness decrease with age [3, 4]. In morphological
studies, young subjects showed a higher lip thickness than that
in elder subjects, and an increase in the width of the lips and
flattened vermilion border has been observed with age [5, 6].

A few groups have attempted to identify the key physio-
logical factors affecting lip skin dryness. Tamura et al. [7]
demonstrated that the degree of lip skin roughness is related
to ceramide profiles, including their amount, species and car-
bon numbers. Additionally, Hikima ef al. [8] reported that
cathepsin D (CTSD) activity is related to chapping of the lips.

Proteases such as CTSD are one of the biological factors
involved in various activities in the skin, including the des-
quamation process [9]. They also control generation of the
natural moisturizing factor (NMF) by regulating their precur-
sor, filaggrin. Thus, altered activities or expression of prote-
ases are associated with dry skin.

CTSD, an aspartic acid protease, is involved in desmo-
somal degradation and activation of transglutaminase 1 in
the SC. CTSD is essential for the epidermis desquamation
process [10], and the role of CTSD in repairing the photo-
damaged skin barrier has been reported [11].

Bleomycin hydrolase (BH) is a neutral cysteine protease in-
volved in the final steps of NMF generation by degradation of
the filaggrin monomer. The expression level of BH decreases in
the dry skin of healthy humans [12]; impaired BH activity in the
lesions of atopic dermatitis has been reported [13]. Additionally,
conflicting reports describe elevated BH activity in sun-exposed
areas of the skin [14] and during the winter [15].

Several studies have investigated the skin characteristics
related to dryness of the face and body, but few have focused
on the characteristics of the lip skin. Additionally, the rela-
tionship between quantitative parameters related to dry and
chapped lip skin has not been examined using in vivo and ex
vivo methods.

Hence, this study was conducted to determine the relation-
ship between lip dryness and chapping-related biophysical
parameters and to verify the role of CTSD and BH according
to the lip skin condition.

MATERIALS AND METHODS
Subjects

Forty healthy female subjects from Korea, aged
30.40 + 4.66 years, participated in this study. The study
was performed under the Declaration of Helsinki and ap-
proved by the Institutional Review Board of LG Household
& Health Care. Before participation, all subjects were
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informed of the aims of the study and provided written in-
formed consent. The participants applied no topical agents
on their lips for at least 12 hour before the measurements.
During the measurement, all activities that could affect lip
skin characteristics such as drinking, lip licking and other
activities were restricted. The measurements were con-
ducted in April 2020.

Cosmetic Science

Biophysical measurements

The lips of the subjects were wiped using paper towels
and acclimated for 20 minutes in an air-conditioned room
(temperature: 22 + 2°C; relative humidity: 50 = 10%). All
measurements were performed on the lower lip vermilion.
Skin hydration was measured using a capacitance based
Corneometer® CM 825 (C + K electronic GmbH, Koln,
Germany) and expressed as arbitrary units (a.u.). TEWL
was measured using a Tewameter® TM nano (C + K elec-
tronic GmbH), which is an open-chamber device suitable
for measuring water flux density diffusing from the small
skin sites such as lips, nails and scalp. Skin corneocytes pro-
duced during the desquamation process were collected by
stripping the surface of the lips twice with black D-squame®
tape (CuDerm, Dallas, TX, USA) and assessed using the
Visioscan® VC 98 (C + K electronic GmbH) and its software
(Visioscan 2000 FW).

The captured image of corneocytes using Visioscan®
VC 98 was shown in 256 grey levels (0-255 distributions)
depending on the difference in ultraviolet light absorption
due to the thickness of skin flakes (Figure la). To elimi-
nate unnecessary noise and analyse the corneocytes clearly,
the grey-level threshold was manually adjusted from O to
130. The grey levels of corneocyte images showing a range
of 130 to 255 were classified into five categories based on
the degree of flake thickness [16], including GO, G1, G2,
G3 and G4, and each category was expressed in a different
colour. These values in each category reflect the percent-
age area of corneocytes corresponding to a specific range
of grey levels: GO (130-155), G1 (155-180), G2 (180-205),
G3 (205-230) and G4 (230-255) (Figure 1b-c). For in-
stance, GO and G4 represent the percentages of even layers
of corneocytes and thick flakes for the total analysis area,
respectively.

Protein extraction from the lip skin

To quantify proteases in the samples, proteins were extracted as
described with slight modification [17]. The stripping tape con-
taining the corneocytes from the lower lip skin was immersed
in Mammalian Protein Extraction Reagent (M-PER™, 78503;
Thermo Fisher Scientific, Waltham, MA, USA) followed by
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(a) (b)

(c)

Color (range of gray levels) Percentage area

. Dark blue (130-155)

GO
- Light blue (155-180)

Emerald (180-205) G1

Orange (205-230) G2

G3

Bl e 029 I -

FIGURE 1 Analysis of corneocyte-related parameters (GO, G1, G2, G3 and G4). (a) Images of tape-stripped corneocytes from the lip skin

using the Visioscan® VC 98. (b) Classification and colour assignment into five categories based on the thickness of lip skin flakes. (c) Calculation

of percentage area in each category (GO, G1, G2, G3 and G4)

15 minutes of sonication in an iced-cooled (0-4°C) ultrasonic
water bath (Bransonic® 2510, Danbury, CT, USA) within
10 minutes. The total protein extracted from a sample was
measured using the Pierce bicinchoninic acid assay kit (23227;
Thermo Fisher Scientific) according to the manufacturer’s
protocol. All samples were immediately stored at —80°C until
analysis.

Measurement of protease activity

CTSD activity was measured using a CTSD activity assay
kit (ab65302; Abcam, Cambridge, UK) according to the
manufacturer’s instructions. Briefly, pre-chilled CD cell
lysis buffer was added to protein extracts from the lip skin.
The samples were mixed with the substrate suspended in
the reaction buffer. Fluorescence from the cleaved sub-
strate was measured with the VICTOR multi-label plate
reader (PelkinElmer, Waltham, MA, USA) at an excitation/
emission of 328/460 nm.

BH activity was quantified as described [18, 19]. Briefly,
protein extracts from the lip skin were treated with 0.1 mM
H-citrulline-AMC fluorescent substrate (4019017; Bachem,
Bubendorf, Switzerland) and buffer [S0 mM 4-(2-hydroxy
ethyl)-1-piperazineethanesulfonic acid, 5 mM ethylenedi-
aminetetraacetic acid and 10 mM dithiothreitol dissolved in
distilled water]. Fluorescence intensity was measured at an ex-
citation/emission of 328/460 nm using the VICTOR multi-label
plate reader.

Quantification of protease concentrations

The expression levels of both markers were determined using
a commercial enzyme-linked immunosorbent assay kit ac-
cording to the manufacturer's instructions; CTSD levels were
measured using the Human CTSD enzyme-linked immuno-
sorbent assay kit (ab119586, Abcam), and BH levels were
measured using the LS-FS6623 assay kit (LS-F6623, LSbio,

Seattle, WA, USA). Absorbance was measured at a wave-
length of 450 nm using an Epoch™ microplate spectropho-
tometer (BioTek, Winooski, VT, USA).

Statistical analysis

All statistical analyses were performed using SPSS
Statistics, version 25 (IBM Corp., Armonk, NY, USA). The
normality of data was tested by the Shapiro-Wilk test. The
relationships between biophysical parameters were ana-
lysed by Pearson’s correlation test. Statistical comparisons
of the features of each biomarker between groups were per-
formed using the Mann-Whitney U test. p-values < 0.05
were significant.

RESULTS

Correlations between lip dryness-related
biophysical parameters

Table 1 shows the correlation coefficients between the
skin biophysical parameters related to lip dryness. There
were significant correlations between skin hydration and
corneocyte-related parameters. Skin hydration had a signifi-
cant positive correlation with GO, the percentage area of thin
corneocytes. However, significant negative correlations be-
tween skin hydration and the other four corneocyte-related
parameters (G1-G4) were observed. G1-G4 represent cor-
neocytes that are thicker than those of GO. Thus, lip skins
showing more hydration had a higher percentage area of
uniform corneocytes and lower percentage of tangled cor-
neocytes than lip skins showing lower hydration.

Based on the results, a ratio of all thick overlapped cor-
neocytes (G1-G4) to uniformly desquamated corneocytes
(GO0), the corneocyte unevenness ratio (CUR), was calculated
as a new integrated parameter representing the severity of lip
scaling using the following equation:
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TABLE 1 Correlation coefficients between skin biophysical parameters

Corneocyte-related parameters

Variables Hydration TEWL GO
Hydration - —-0.065 0518
TEWL - —-0.271

G1 G2 G3 G4
—0.532"" —-0.606"" —-0.601"" —-0.568""
—-0.275 —0.064 0.075 0.074

Values of “p < 0.01 and "“p < 0.001 were determined by the Pearson’s correlation test. TEWL, transepidermal water loss; GO, grey levels 130-155; G1, grey levels

155-180; G2, grey levels 180-205; G3, grey levels 205-230; G4, grey levels 230-255.

_(G1+G2+G3+G4)

CUR
GO

A significant negative correlation between skin hydration
and CUR was obtained (Figure 2). Figure 3 shows the dif-
ference in lip corneocytes between relatively high- and low-
CUR values. There were no significant correlations between
TEWL and the other parameters.

0.8
07 . R = -0.664***
0.6
05

0.4

CUR

0.3 R T
0.2 -

Skin hydration (a.u.)

FIGURE 2 Correlation between skin hydration and CUR values.
Skin hydration in the lower lip vermilion was measured using the
Corneometer® CM 825 and expressed as a.u. Pearson’s correlation
coefficient test (***p < 0.001) was used for statistical analysis. R
indicates correlation coefficients. CUR, corneocyte unevenness ratio;
a.u.; arbitrary units

FIGURE 3

Differences in activities and amounts of
proteases related to lip skin hydration

To verify the relationship between lip skin hydration and
the biomarkers by comparing relatively dry and non-dry lip
skin, each subject was classified according to the median
of skin hydration values (28.12 a.u.) into the following two
groups: Group I included subjects with a higher water con-
tent, whereas Group II comprised subjects with a lower water
content.

There was a significant difference in BH activity between
Groups I and II. BH activity in Group I was lower than in
Group II (p < 0.05). The CTSD activity of Group I was mar-
ginally higher than Group II (p = 0.12) (Figure 4). There
were no significant differences in the amounts of both prote-
ases between Groups I and II (data not shown).

Differences in activities and amounts of
proteases related to chapping of lip skin

To confirm the relationship between lip scaling and the bio-
markers by distinguishing the relative lip scaling and non-
scaling levels, we assigned the subjects into two groups based
on their median of CUR values (0.22) in the same method de-
scribed previously; Group III included subjects with a lower
CUR, and Group IV comprised subjects with a higher CUR.

A significant difference in CTSD activity between
Groups III and IV was observed. The activity of CTSD was

(b)

Images of tape-stripped corneocytes showing different values of CUR. (a) Images of corneocytes showing relatively high CUR

values. (b) Images of corneocytes showing relatively low-CUR values. CUR, corneocyte unevenness ratio
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(a) ) FIGURE 4 Activities of (a) CTSD and (b)
40.0 1000 «(P<005) BH in corneocytes from subjects of Groups I and
35.0 [IGroup | 90.0 I1. Group I included subjects showing a water

- T [ Grovp I 80.0 [ Group | content higher than 28.12 a.u., whereas Group II

S 300 = ' [ Group Il comprised subjects showing a water content lower
g 3 70.0 o than 28.12 a.u., as determined with a Corneometer®.

S 25.0 —( é 60.0 Significance between each group was determined

g 200 * % 50.0 using the Mann-Whitney U test ('p < 0.05, n = 20

< X o per group). CTSD, cathepsin D; BH, bleomycin

§ 15.0 l ;‘ 40.0 X hydrolase; a.u., arbitrary units; RFU, relative

o ha fluorescence unit

s 100 L X 300 T

20.0 X
50 10.0 L l
0.0 0.0

significantly higher in Group III (p < 0.05) than in Group IV.
BH activity was slightly lower in Group III than in Group IV
(p = 0.06) (Figure 5). The expression levels of both biomark-
ers were not considerably different between Groups III and
IV (data not shown).

DISCUSSION

In the present study, we analysed the biophysical and bio-
chemical factors related to lip dryness and chapping using
non-invasive techniques and molecular analysis. Dry and
chapped lip skin is a major concern for several people.
However, little data and research are available on lip skin
compared to facial skin for identifying the cause of these
problems.

The relationship between lip skin hydration and scaling
(GO0-G4) was studied. The correlation of skin scaling with
hydration differed between GO (positive) and the other four
parameters (negative). Additionally, based on the results,
the CUR showed a strong negative correlation with skin

hydration, suggesting that the dryness of lip skin adversely
affects the normal desquamation mechanism. A few studies
have reported a high percentage of overlapped corneocytes
compared to total corneocytes, suggesting an irregularity in
the desquamation process [20], and it is often observed in
rough skin with low hydration. [21] Additionally, the hydra-
tion level of the SC is lower in chapped lips because of abnor-
mal desquamation [8]. Therefore, hydration plays a critical
role in affecting the function of lip skin, and the CUR may
be a new comprehensive parameter for determining an ab-
normality of desquamation, reflecting lip skin dryness and
chapping conditions.

Far from our prediction, the TEWL values of the lip skin
showed no significant correlations with any other parame-
ters. Based on the characteristics of lip skin which has the
lowest water content and highest TEWL compared to other
regions [2], we hypothesized that a negative relationship
would be observed between TEWL and other parameters.
However, as previously reported by Tamura et al. [7], the
increase in SC thickness could be due to abnormal des-
quamation - a phenomenon occurring in dry lips [8] - thus

[] Group Il

[ Group IV .
FIGURE 5 Activities of (a) CTSD

and (b) BH in corneocytes from subjects
of Groups IIT and IV. Group III included
subjects with a CUR value lower than 0.22,
whereas Group IV comprised subjects with

f=R=4

T a CUR value higher than 0.22. Significance

between each Group was determined by the

X

Mann-Whitney U test (*p < 0.05, n = 20 per

T group). CTSD, cathepsin D; BH, bleomycin

L hydrolase; CUR, corneocyte unevenness

(a) (b)
40.0 . 100.0
(P<0.05)
35.0 [ Group Il 900
- [ Group IV - 80.0
< c
3 300 S
9]
E £ 70.0
©
a 250 « T 600
k x
© 200 o 50.0
‘Tm % 3
3 D 400
15.0 ) ’
E l * 30.0
10.0 J‘
20.0
5.0 10.0
0.0 0.0

ratio; RFU, relative fluorescence unit
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causing the decrease in TEWL. Besides, the relationship
between TEWL and skin hydration state is still being de-
bated. While Thune et al. [22] reported that TEWL is neg-
atively correlated with SC hydration, other studies have
revealed no correlations between TEWL and skin hydra-
tion, except in certain areas such as the hand and sole [23,
24]. Accordingly, our results, which show that TEWL has
no significant relationship with skin hydration and scaling,
may supported by these studies.

We validated that the properties of enzymes in the lips
vary depending on the parameters related to skin hydration
and scaling severity. We found that CTSD regulating the skin
desquamation procedure was related to lip scaling. The activ-
ity of CTSD was decreased in subjects with high CUR val-
ues. These results agree with those reported by Hikima et al.
[8]. As the activity of CTSD can be affected by multiple en-
vironmental conditions such as skin pH [9], it can be altered
in a more rapid and delicate manner than alteration at the
expression level. Therefore, this result suggests that CTSD
activity contributes more to the physiological status of the lip
skin than the level of its expression.

We also found that BH, a protease that regulates filaggrin
processing, was related to skin hydration. The subject group
with a lower hydration value showed higher BH activity than
the group with a higher value. The elevated activity of BH
in dry lips appeared to contradict our prediction, which was
based on the NMF-producing function of BH [25]. However,
Shibata et al. [14] reported that normal skin, compared to
atopic dermatitis skin, exhibits seasonal changes in BH, pro-
ducing NMF to improve epidermal water retention. Raj et al.
[15] proposed that a feedback mechanism can increase the
levels of NMF-producing proteases to repair the skin barrier.
Based on these observations, our data suggest that a reverse
pattern of BH activity reflects the natural compensating
mechanism for restoring hydration of the lip skin. Overall,
these differences in protease activities suggest that differ-
ences in the biophysical parameters of lip skin are derived
from the different actions of proteases.

One limitation of our study is that we validated the activ-
ity of a few well-known molecular targets only compared to
various molecular targets studied for the facial skin. The two
markers may not explain the detailed mechanism underlying
lip skin dryness and chapping. However, our study provides
a foundation for future research of lip skin, which has unique
characteristics.

In conclusion, there is an interrelationship between the
biophysical characteristics associated with lip skin dryness
and chapping. Particularly, CUR may be developed as a novel
quantitative parameter for studying the lip skin. Moreover,
the activity of BH and CTSD is related to dry and chapped lip
skin conditions. These results will be useful for future studies
of the lip skin physiology to develop fundamental solutions
for improving lip skin conditions.
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