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Abstract: The objective of this in vivo pilot study was to investigate whether differential
biomarker analysis from skin tape strips could be used, not only to evaluate the difference
between treated and untreated skin, but also to evaluate the effect of different product
treatments. Ten volunteers were included in the study, applying two different basic
formulations on their forearms. After four weeks of product application, and also after one
week of treatment remission, tape strips were collected from the different treatment sites,
as well as from untreated skin. The biomarkers investigated were selected to cover
different aspects of epidermal differentiation and in connection with moisturization and
barrier function. Levels of Involucrin were increased in both treatments, compared to
untreated skin, whereas the levels of Keratin-6 were decreased for both treatments. In
addition, a pattern for increased levels of Hornerin and Claudin-1 was also detected. There
were no significant differences between the two treatments, only for treatment compared to
untreated, but there were tendencies for different effect on some of the biomarkers
investigated, differences that may reach significance with increased sample size. The major
differences between the two treatments in this study were seen after one week of product
remission, although due to too small sample size these differences were not significant.
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1. Introduction

Tape stripping is a safe and minimally invasive method for obtaining skin material from volunteers
to test the efficacy of cosmetic formulations. When performing tape stripping, the outermost layer of
the epidermis is removed, the more tape strips that are used on the same spot, the deeper into the
epidermis the cells are harvested. The harvested material from the tape strips can then be extracted and the
expression on both protein and RNA [1,2], as wells as lipids [3] can be investigated, depending on the
extraction conditions. The biomarkers investigated in this study are related to epidermal differentiation
and barrier function, and include Keratin-6, Keratin-1,-10, Involucrin, Hornerin, Claudin-, Caspase-14
and Fibronectin.

The outermost part of the skin consists of a barrier that protects against transepidermal water loss
and external damage, reviewed in [4]. Involucrin and Loricrin are two of the main structural proteins
forming the cornified envelope that constitutes the barrier. Involucrin is expressed as keratinocytes
start to differentiate into corneocytes, reviewed in [5]. Even if Involucrin is one of the major
constituents of the cornified envelope, ablation of /nvolucrin in mice does not change the basal skin
barrier function but it does result in reduced barrier repair [5]. In dry skin, Involucrin is prematurely
expressed from the granular layers to the spinous layers [6]. Levels of Involucrin are decreased in
atopic dermatitis (AD) [7], and it has been suggested that increased Involucrin may indicate thinner SC [1].

On the inside of the corneocytes, keratin filaments interacting with Filaggrins are linked to the
cornified envelope, reviewed by Proksch et al. [5]. Keratins are the major structural protein
synthesized by Keratinocytes. Keratin-6 is induced by inflammation and elevated in wound healing
and psoriasis [8], hence increase in Keratin-6 may indicate increased keratinocyte repair [1].
In addition, acute as well as chronic barrier disruption resulted in the induction of Keratin-6, and
Keratin-10 whereas Keratin-1 was only induced after chronic barrier disruption [9]; furthermore, dry skin
has been associated with reduced Keratin-1 and Keratin-10 [6].

Natural moisturising factors (NMFs) mainly from proteolysis of Filaggrin retain the hydration of the
skin [10]. Caspase-14 has been shown to be involved in the epidermal barrier formation, in the processing
and degradation of pro-filaggrin [11]. Degradation of pro-filaggrin results in the release of amino acids that
acts as natural moisturizing factors that are essential for the skin hydration, reviewed in [12]. Studies of
Caspase-14 knockout mice have also revealed an important function for Caspase-14 in the UVB
protection of the stratum corneum [11].

Hornerin is another component of the cornified envelope, and share features with filaggrin;
moreover, it has been shown to be a substrate to transglutaminase-3 [13]. The levels of Hornerin are
upregulated after tape stripping [13] and UVB-irradiation [14] and suggested to be involved in the
process of barrier repair. Both Filaggrin and Hornerin expression are reported to be decreased in
patients with Atopic dermatitis (AD) [15].

Tight junctions are semi permeable size- and ion-specific barriers within the epithelia important for
water transport [16]. Claudins are proteins in the tight junctions that control the specificity of the
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junction, they are also important in the formation of the tight junctions [16]. There are several claudins, but
Claudin-1 has been shown to be absolutely essential for hydration and water management [17].

Fibronectin was also investigated in this study. Fibronectin increase may indicate repair of skin
integrity as it is known to be a cross linker for keratins [1].

2. Experimental Section

D-Squame tape strips (CuDerm Corporation, Dallas, TX, USA) were used in this clinical study to
sample skin from the forearms of 10 volunteers. The study was approved by the Oriflame Research
and Development Ethics Committee, Bray, Ireland, 2012. The study complied with the Guidelines for
Medical Experiments in non-patient human volunteers, published by the Association of the British
Pharmaceutical Industry (ABPI) and the World Medical Association’s Declaration of Helsinki (2000)
concerning biomedical research involving human subjects. Each subject supplied written informed
consent and received a copy of the INCI ingredient list for each product. The forearms were divided
into three areas, where one area was left untreated and the other two areas were treated with two
different product formulations Product A and Product B (Table 1) once a day for 4 weeks. Both
products are basic formula using different non-ionic emulsifier, with Product B containing Glycerin
and the occlusive emollient Petrolatum, whereas Product A doesn’t contain an occlusive emollient, and
a more biocompatible emulsifier.

Table 1. Constituents of the formulations used in the clinical study.

Product A Product B
Aqua, Isopropyl Palmitate, Isostearyl Isostearate, Aqua, Glycerin, Petrolatum, Stearic Acid,
Sorbitan Olivate, Cetearyl Glucoside, Dimethicone, Glycol Stearate, Isopropyl Isostearate, Dimethicone,
Hydroxypropyl Starch Phosphate, Cetearyl Alcohol, Tapioca starch, Glyceryl Stearate, Stearamide AMP,
Stearic Acid, Butyrospermum Parkii Butter, Caprylyl Cetyl alcohol, Triethanolamine, Magnesium
Glycol, Phenoxyethanol, Pentaerythrityl Distearate, Aluminium silicate, Carbomer, Disodium EDTA,
Bis-Diglyceryl Polyacyladipate-2, Xanthan Gum, Phenoxyethanol, Methylparaben, Propylparaben,
Piroctone Olamine CI 77891

Skin tape strips were collected before the start of treatment with product formulations (T0), at the
end of the study after four weeks of product treatment (T4) and finally after one week of product
treatment remission (T1R). For each area at the three time-points, eight consecutive tape strips were
collected of which the first tape strip was discarded. Proteins were extracted from the remaining 7 tape
strips, and pooled together. The extraction method was determined on the basis of the results from an
extraction optimization study performed earlier in house. Single Enzyme-Linked ImmunoSorbent
Assay (ELISA) techniques were used to measure Hornerin, Caspase-14, Claudin-1 (ABIN583822,
ABINS511293, ABIN418089 all from Antibodies online). Multiplex ELISA techniques were used to
measure Keratin-6, Involucrin, Keratin-1,-10 and Fibronectin (Milliplex map human Skin Panel
SKIN-50K, Millipore, St. Charles, MO, USA). All biomarker levels were correlated to the total protein
content of the tape strip extractions. Statistics were calculated using Wilcoxon signed-rank test.
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3. Results

The levels of different biomarkers in tape strip protein extracts were investigated after four weeks
of product applications and after one week of treatment remission. Treatment with Product A resulted
in an increased level of Involucrin compared to untreated skin (p = 0.039) (Figure 1a). The same pattern
was seen for Product B, but the increase did not reach significance. After one week of remission, the
levels of Involucrin in Product A treated skin seemed to stayed elevated (although no significance was
reached), whereas for Product B treatment, the levels declined again after treatment stopped.
In addition, both treatments resulted in significant decreased levels of Keratin-6 (Product A p = 0.019,
Product B p = 0.016) (Figure 1b). This observed decrease in protein expression appeared to be prolonged
after one week of remission compared to untreated samples (p > 0.05). Both treatments resulted in a
pattern of suppressed Keratin-1,-10 levels (Figure 1c), with the greater reduction seen after Product B
treatment, however the differences were not significant. At one week of remission the pattern was the
same with even lower Keratin-1,-10 levels compared to untreated skin for Product A (p = 0.10),
whereas for Product B the levels were increasing again towards the levels of the untreated.

Treatment with Product A or B resulted in small but not significant increases of Hornerin
(Figure 1d). However, one week after remission the levels of Hornerin in Product B treated skin
continued to increase and reached statistical significance (p = 0.03). The levels of Claudin-1 were
slightly but not significantly increased by Product A at both time points (Figure le), whereas
Product B had even less effect, neither directly after treatment nor after one week of remission. None
of the treatments had any effect on the levels of Caspase-14 directly after treatment. One week after
remission, there was a tendency for a small increase after treatment with Product B (Figure 1f).

Levels of Fibronectin in this pilot study were below detection limits for all samples analyzed.

4. Conclusion

When evaluating product efficacy in vivo it is also important to understand the effects different
products are having at a protein level to restore moisturization and barrier function.

In this study, through the use of tape strips we demonstrate the ability to detect key epidermal
biomarkers from the upper layers of the epidermis.

Involucrin plays an important role in maintaining the epidermal barrier [5], and an increased level
has been suggested to improve barrier function [1]. Both products resulted in increased levels of Involucrin
after 4 weeks of treatments, suggesting a barrier strengthening effect. Interestingly, after one week of
treatment remission, a trend is observed where the Involucrin levels continue to increase for Product A
(p > 0.05) whereas the Involucrin levels in Product B decrease after the treatment was completed.

Keratin-6 is expressed early in the differentiation process [5], and increased levels of Keratin-6
suggest the skin is under some form of stress or undergoing repair mechanisms [9], hence decreased
levels would imply a healthy barrier, as we see after treatment with both Products A and B.

In addition to barrier function, biomarkers related to moisturization are also investigatedin this pilot
study. Hornerin, with its connection to NMF, plays an essential role in the moisturization of the skin [13].
The pattern observed of increased levels of Hornerin after treatments with Products A and B suggests
that the treatments have a beneficial impact to improve the moisturization capacity within the skin.
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Claudin-1 is part of tight junctions and hence involved in both the maintenance of the barrier and water
management [17]. In addition, for this biomarker a pattern of increased levels were detected in this
pilot study.

Figure 1. The expression of (a) Involucrin; (b) Keratin-6; (c¢) Keratin-1,-10; (d) Hornerin;
(e) Claudin; (f) Caspase-14 at the end of a four week treatment period (T4) and the after one
week of remission (T1R). * Significant results compared to untreated at the same time point
(p <0.05).
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A pattern of decreased Keratin-1,-10 was seen for both treatments in this study. Decreased levels
of Keratin-1,-10 are reported to be associated with dry skin [6]. Our observed results of Hornerin
and Claudin-1 expressions suggest a beneficial moisturization effect after treatment with Product A
or Product B, therefore the observed Keratin-1,-10 decrease after product treatment warrants
further investigation.

Tape stripping is sometimes used as a method to induce mild irritancy in skin [18], and levels of
prostaglandin E2 and Interleukin-1 have been shown to be increased after tape stripping. However, the
increase is small and transient. In order to induce a clear inflammatory response, the level of
prostaglandin E2 needs to exceed the tape strip induced elevation by up to 40 times [18]. Moreover, it
has been shown that the effect of tape stripping ceases after two days. In this pilot study, there was a
four-week interval between the first (untreated TO samples) and the second (T4 samples) tape stripping
sessions and one week between the second (T4 samples) and the final (T1Rsamples) tape stripping
sessions. The irritant effect caused by the tape stripping is hence not considered to have an effect on
the levels of the different biomarkers investigated here. Nonetheless, comparisons were always made
relative to the untreated site at all time points investigated. In this pilot study, only 10 volunteers were
included. Due to large variability in the levels of the investigated biomarkers among the volunteers,
sample size needs to be increased in future studies. However, the results obtained in this pilot study
would suggest that with a larger sample size more significant results for some of the biomarkers tested
would be achieved. Our results presented here show that we can detect differences in the expression of
skin proteins that in addition, are influenced after treatment with different products.

We also found in this study that the two different formulations tested activated the epidermal
biomarkers somewhat differently. Therefore, this method could be useful to differentiate the effect of
different formulations targeting different processes, and also to compare a formulation with and
without an active ingredient to provide in vivo claims for an active ingredient. Moreover, the ability to
measure biomarkers from tape strips opens up the opportunity to with an even larger portfolio of
biomarkers being able to investigate mechanisms targeting different skin needs, such as barrier
function, moisturization, irritancy, and pigmentation, to mention a few. The results from such studies
could support products targeting different skin needs.

Moreover, in this study, we show that skin sampling after one week of product treatment remission
gives additional insights into the lasting effects of the product treatments on the biomarkers investigated.

Acknowledgments

We thank all the panelists participating in this clinical study. We also thank Ori-Derm Dublin,
especially Josephin Darbon and Carla O’Connor for collecting the tape strips.

Author Contributions

Volunteer recruitment and tape strip collections throughout the 5-week study were performed by
Eve Merinville and Joesphine Darbon. Formulations tested in the clinical study were prepared by Kevin
Cattley. Tape strip extractions and analyses were performed by Marie Westman and Virginie Lafon-Kolb.
The paper was written by Marie Westman and Tamara Al-Bader. Aurelie Laloeuf, Tamara Al-Bader
and Eve Merinville were study coordinators and Alan Mavon was the principal sponsor of the study.



Cosmetics 2014, 1 35

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Hendrix, S.W.; Miller, K.H.; Youket, T.E.; Adam, R.; O’Connor, R.J.; Morel, J.G.; Tepper, B.E.
Optimization of the skin multiple analyte profile bioanalytical method for determination of skin
biomarkers from D-Squame tape samples. Skin Res. Technol. 2007, 13, 330-342.

2. Wong, R.; Tran, V.; Morhenn, V.; Hung, S.-P.; Andersen, B.; Ito, E.; Wesley-Hatfield, G.;
Benson, N.R. Use of RT-PCR and DNA microarrays to characterize RNA recovered by non-invasive
tape harvesting of normal and inflamed skin. J. Invest. Dermatol. 2004, 123, 159-167.

3. Alonso, C.; Barba, C.; Rubio, L.; Scott, S.; Kilimnik, A.; Coderch, L.; Notario, J.; Parra, J.L.
An ex vivo methodology to assess the lipid peroxidation in stratum corneum. J. Photochem.
Photobiol. B 2009, 97, 71-76.

4. Madison, K.C. Barrier function of the skin: ‘La Raison d’Etre’ of the Epidermis. J. Invest.
Dermatol. 2003, 121, 231-241.

5. Proksch, E.; Brandner, J.M.; Jensen, J.M. The skin: An indispensable barrier. Exp. Dermatol.
2008, /7, 1063—-1072.

6. Engelke, M.; Jensen, J.M.; Ekanayake-Mudiyanselage, S.; Proksch, E. Effects of xerosis and
ageing on epidermal proliferation and differentiation. Br. J. Dermatol. 1997, 137, 219-225.

7. Seguchi, T.; Cui, C.Y.; Kusuda, S.; Takahashi, M.; Aisu, K.; Tezuka, T. Decreased expression of
filaggrin in atopic skin. Arch. Dermatol. Res. 1996, 288, 442—-446.

8. Komine, M.; Rao, L.S.; Freedberg, [.LM.; Simon, M.; Milisavljevic, V.; Blumenberg, M.
Interleukin-1 induces transcription of keratin K6 in human epidermal keratinocytes. J. Invest.
Dermatol. 2001, 116, 330-338.

9. Ekanayake-Mudiyanselage, S.; Aschauer, H.; Schmook, F.P.; Jensen, J.M.; Meingassner, J.G.;
Proksch, E. Expression of epidermal keratins and the cornified envelope protein involucrin is
influenced by permeability barrier disruption. J. Invest. Dermatol. 1998, 111, 517-523.

10. Hoste, E.; Kemperman, P.; Devos, M.; Denecker, G.; Kezic, S.; Yau, N.; Gilbert, B.; Lippens, S.;
de Groote, P.; Roelandt, R.; et al. Caspase-14 is required for filaggrin degradation to natural
moisturizing factors in the skin. J. Invest. Dermatol. 2011, 131, 2233-2241.

11. Denecker, G.; Hoste, E.; Gilbert, B.; Hochepied, T.; Ovaere, P.; Lippens, S.; van den Broecke, C.;
van Damme, P.; D’Herde, K.; Hachem, J.P.; et al. Caspase-14 protects against epidermal UVB
photodamage and water loss. Nat. Cell Biol. 2007, 9, 666—674.

12. Denecker, G.; Ovaere, P.; Vandenabeele, P.; Declercq, W. Caspase-14 reveals its secrets.
J. Cell Biol. 2008, 180, 451-458.

13. Henry, J.; Hsu, C.Y.; Haftek, M.; Nachat, R.; de Koning, H.D.; Gardinal-Galera, 1.; Hitomi, K.;
Balica, S.; Jean-Decoster, C.; Schmitt, A.M.; et al. Hornerin is a component of the epidermal
cornified cell envelopes. FASEB J. 2011, 25, 1567-1576.

14. Makino, T.; Yamakoshi, T.; Mizawa, M.; Shimizu, T. Ultraviolet B irradiation induces the
expression of hornerin in xenotransplanted human skin. Acta Histochem. 2014, in press.



Cosmetics 2014, 1 36

15. Pellerin, L.; Henry, J.; Hsu, C.Y.; Balica, S.; Jean-Decoster, C.; Méchin, M.C.; Hansmann, B.;
Rodriguez, E.; Weindinger, S.; Schmitt, A.-M.; et al. Defects of filaggrin-like proteins in both
lesional and nonlesional atopic skin. J. Allergy Clin. Immunol. 2013, 131, 1094-1102.

16. Niessen, C.M. Tight junctions/adherens junctions: Basic structure and function. J. Invest.
Dermatol. 2007, 127, 2525-2532.

17. Furuse, M.; Hata, M.; Furuse, K.; Yoshida, Y.; Haratake, A.; Sugitani, Y.; Noda, T.; Kubo, A.;
Tsukita, S. Claudin-based tight junctions are crucial for the mammalian epidermal barrier:
A lesson from claudin-1-deficient mice. J. Cell Biol. 2002, 156, 1099-1111.

18. Reilly, D.M.; Green, M.R. Eicosanoid and cytokine levels in acute skin irritation in response to
tape stripping and capsaicin. Acta Dermato-Venereol. 1999, 79, 187-190.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



