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Abstract

Skin biopsies are commonly used for the assessment of skin pathology in various skin diseases
including atopic dermatitis (AD). However, due to the invasive nature of skin biopsies, many
patients, particularly children, decline participation. This can lead to potential subject sampling
bias as data could be skewed toward more severe, older patients willing to give biopsies. Recently,
researchers have began studying the skin with a minimal, non-invasive technique using skin tape
strips (STS) to profile the epidermal transcriptome, proteins, and lipids in the skin. However, side
by side comparisons of skin biopsy and STS have not been done to assess epidermal penetration.
Therefore, 20 STS were collected from the volar surface of forearm from healthy non-atopic
subjects and patients with AD, followed by the collection of skin biopsies from adjacent non-taped
and taped area of skin. Using H&E staining and immunostaining, we demonstrated that 20 STS
reach the upper granular layer of the epidermis. Additionally, we found that the expression of
terminal differentiation markers in samples from STS procedure positively correlated with the
expression level of these markers in matching skin biopsies. Therefore, STS is a non-invasive and
reliable approach to evaluate the expression of skin terminal differentiation markers, which are
defective in AD skin.
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Atopic dermatitis (AD) is the most common inflammatory skin disease in the general
population. It is characterized by skin barrier defects, and immune defects, (Brunner et al.,
2018, Simpson et al., 2018). The pathophysiology of AD skin has been extensively studied
using various technologies with skin biopsies (Berdyshev et al., 2018, Gittler et al., 2012,
Kim et al., 2016, Lee et al., 2017, Nakatsuji et al., 2016). However, due to the invasive
nature of skin biopsies, only a minority of study subjects are willing to undergo this
procedure. Additionally, it is difficult to collect skin biopsies from children due to ethical
issues and lack of cooperation, despite AD being most prevalent in children. Therefore,
many patients, particularly children, decline participation, leading to potential bias as data
and our knowledge about AD may be skewed toward more severe patients. Given that the
major defect in AD is due to lack of terminal keratinocyte differentiation, we and others
have developed a minimal, non-invasive technique using skin tape stripping (STS) to
examine skin expression of specific genes, lipids and protein in the stratum corneum
(Berdyshev et al., 2018, Broccardo et al., 2009, Di Nardo et al., 2016, Dyjack et al., 2018,
Kezic et al., 2011, Li et al., 2017, McAleer et al., 2018). However, there have been no side-
by-side studies that compared skin biopsies and STS to determine how deeply the STS
procedure can reach into the epidermis. Furthermore, it is not known whether the same
information about the stratum corneum (SC) can be derived from the STS as compared to
skin biopsies.

Therefore, we performed a STS procedure followed by 2mm skin biopsy of the taped skin
versus adjacent non-taped skin. A total of 20 consecutive D-Squame tape discs were applied
to the same adjacent site of volar side of the forearm of normal healthy subjects and lesional
and nonlesional (5 cm from lesion) skin of AD patients. Twenty consecutive STS did not
cause bleeding or scarring. Six normal subjects and six AD patients were enrolled. This
study was approved by the Institutional Review Board at National Jewish Health, Denver
and written informed consent was obtained from each participant.

Initially, we performed hematoxylin and eosin (H&E) staining of skin biopsies using a
standard method. Representative images (from a total of 6 skin biopsies in each study group)
are shown in figure 1, after 20 STS of the skin from a normal subject and from lesional and
nonlesional skin of an AD patient. Next, skin biopsies were stained for selected epidermal
proteins including filaggrin (FLG) and corneodesmosin (CDSN). FLG and CDSN are
terminal differentiation markers that are highly expressed in the upper part of the epidermis
(Candi et al., 2005, Lee et al., 2017). Immunostaining demonstrated presence of FLG
(Figure 1b) and CDSN (Figure 1c) in the SC and the granular layer of the epidermis. After
the STS procedure, FLG (Figure 1b) and CDSN (Figure 1c) from the SC and the upper part
of granular layer were removed both in healthy controls and AD subjects. Therefore, data
from H&E and immunofluorescence staining suggest that 20 consecutive STS reach the
upper part of the granular layer of the epidermis.

We further examined whether STS procedure is a reliable method to evaluate the expression
of epidermal differentiation markers including FLG, CDSN, loricrin (LOR), involucrin
(IVL), and keratin (KRT)-1; these targets are mainly expressed in the SC and the upper
granular layer of the epidermis and are decreased in AD skin (Broccardo et al., 2009, Candi
etal., 2005, Lee et al., 2017). Total RNA was extracted from STS samples and skin biopsies
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from the matching subjects as described earlier (Dyjack et al., 2018, Nomura et al., 2003).
Gene expression of epidermal differentiation markers were evaluated using real time RT-
PCR as described (Nomura et al., 2003). Expression of FLG, CDSN, LOR, IVL, and KRT-1
were detected in all RNA samples from both STS and skin biopsies. Importantly, gene
expression of FLG (Figure 2a) and CDSN (Figure 2b), LOR (Supplementary Figure 1a),
IVL (Supplementary Figure 1b), and KRT-1 (Supplementary Figure 1c) from STS RNA
samples and matching skin biopsies showed positive correlations. Additionally, we
examined whether the gene expression levels of epidermal differentiation markers from STS
correlate with the protein expression levels of these markers in matching skin biopsies. The
gene expression levels of FLG and CDSN from STS samples were measured using real time
RT-PCR, and the protein levels of FLG and CDSN from skin biopsies were evaluated using
immunofluorescence staining. The STS samples gene expression levels of FLG (Figure 2c)
and CDSN (Figure 2d) positively correlated with the staining intensities of FLG and CDSN
in matching skin biopsies. These findings suggest that STS procedure is a reliable method to
evaluate the expression of epidermal differentiation markers.

STS procedure has a number of advantages over conventional skin biopsy sampling. 1) STS
is non-invasive, the procedure does not cause scarring, is not painful and only minor skin
irritation is observed during skin sampling. 2) STS procedure is a reliable method to
examine the expression of skin terminal differentiation markers and may be utilized for the
examination of defects in terminal differentiation in various skin disorders. 3) STS
procedure can be useful for serial skin sampling in clinical trials that examine skin barrier
function in response to therapy, as repeated skin biopsies over a short period in the same
subject are challenging even in adults. 4) Due to its low cost and non-invasive nature STS
allows collection of samples from large patient cohorts and can be useful for disease
endotyping, as collected STS can be readily utilized for the lipid, protein and RNA analysis.
5) STS procedure can be useful for skin sampling in various age groups, including infants
(Kim et al., 2016, McAleer et al., 2018).

In conclusion, STS maybe be a good standard procedure to evaluate epidermal
differentiation markers from the SC and the upper granular layer of the epidermis. Moreover,
this method is a safe and reliable strategy to evaluate cellular and molecular characteristics
of skin barrier in both children and adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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AD Atopic dermatitis
CDSN Corneodesmosin
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CT Cyclic threshold
DSC Desmocollin
FLG Filaggrin
H-E Hematoxylin and eosin
IVL Involucrin
KRT Keratin
LOR Loricrin
SC Stratum corneum
STS Skin tape stripping
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Figure 1.

H&E and immunofluorescence staining of skin biopsies before and after STS procedure.
Skin biopsies were collected from taped and non-taped skin area. Representative images for
skin samples from healthy control subjects and AD patients are shown. Skin biopsies from
normal healthy subjects, AD-lesional, and AD-nonlesional skin were stained with a standard
H&E staining protocol (a). Immunofluorescence staining for FLG (red, b) and CDSN (red,
c) are shown. Wheat germ agglutinin-conjugated fluorescein isothiocyanate (green) was
used to stain the cytoskeleton. Arrows point to FLG or CDSN staining. All images were
collected at original magnification x 400. Bar = 50 um.
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The correlation of epidermal differentiation markers expression in samples from STS and
those from the matching skin biopsies. Gene and protein expressions of FLG and CDSN
were evaluated using real time RT-PCR and immunofluorescence staining, respectively.
Correlations of FLG (a) and CDSN (b) between RNA samples from STS procedure and the
matching skin biopsies are shown. Significant Pearson correlations between gene levels of
FLG (c) and CDSN (d) from STS procedure and staining intensities of FLG and CDSN in
the matching subjects are shown. @= normal healthy skin, B= AD-lesional skin, 0= AD-

nonlesional skin
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