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Skin biopsies represent the gold standard for investigating skin immu-
nology and biomarkers.® However, biopsies cause discomfort, bleed-
ing, minor scarring, and, rarely, skin infections. Accordingly, non-
invasive techniques are becoming increasingly popular in dermatologi-
cal research.>® Among these, the tape-stripping method is commonly
used for obtaining skin cells, but validation showing how many cell
layers are removed with this sampling method has not yet been ade-
quately performed. In this study, we determined the number of epi-
dermal cell layers that are removed when skin is tape-stripped with

two different adhesive materials.

METHODS

Ten young volunteers with white skin and with no known history of
dermatitis on the hands or arms were included in the study (6/10
males, median age 23 years [25-75th percentiles, 22-24 years]). Oral
and written consent was obtained before inclusion. The study was
conducted according to the Declaration of Helsinki principles, and
after permission had been given by the Ethics Committee of Copenha-
gen (H-16050507) and the Danish Data Protection Agency (HGH-
2017-018). Tape stripping was performed with either D-squame
sampling discs (Monaderm, Monaco, France) or Barrier tape
(Mélnlycke, Allerad, Denmark).

In detail, 0-30 consecutive tapes were applied on the same skin
area, with a new tape being used for each application. Custom num-
bers of tapes were used for the two tape types, as they have different
tensile strengths. Each trial participant had three skin areas tape-stripped,
and one skin area left intact as a control site. Both tape types were
applied with a D-squame pressure applicator applying a standardized
pressure (225 g/cm?) (Monaderm). Pressure was applied for ~10 seconds,
and the tape was then removed with a tweezer in a quick uniform move-

ment, following the longitudinal axis of the arm. From each tape-stripped

area and the control skin area, a 4-mm punch biopsy was obtained. The
biopsy specimens were haematoxylin and eosin-stained, and two blinded
assessors independently counted the remaining numbers of keratin layers
in the thinnest area of the stratum corneum (SC) for each biopsy to

assess how much of the epidermis the tape-stripping method removed.

RESULTS

We found that both tape types completely removed the SC. Overall,
complete removal of the SC required at least 30 consecutive tapes
when D-squame tape was used, whereas 15 consecutive tapes were
sufficient when Barrier tape was used (Figure 1). Notably, the median
number of tape strippings needed to remove the SC with Barrier tape
was eight (Figure 2). Complete removal was not successful for some
trial participants, who had some remaining cell layers after tape strip-
ping. Histology did not show that cells from the stratum granulosum,
or deeper layers of the epidermis, were collected. However, it cannot
be ruled out that the tape-stripping method collects cells from any of
the deeper layers of the epidermis, especially when an increased num-

ber of consecutive tapes or alternative tape types are used.

DISCUSSION

Although the included trial participants were age-matched white-
skinned persons with no history of skin disease, we observed
large interindividual variation in the thickness of the SC and the
number of tapes required to strip the SC (8-15 for Barrier tape,
and 30 for D-squame tape). In addition, visual examination of the
skin immediately after tape stripping, with both tape types,
showed no signs of severe erythema, although mild erythema with
interindividual observed. trial

variability was Notably, in
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FIGURE 1

(A-D), Histology images from a 22-year-old male who was tape-stripped with Barrier tape. The circles indicates the areas in which the

remaining layers of the stratum corneum (SC) were counted after (A) O, (B) 4, (C) 8 and (D) 15 consecutive tape strippings. (E-H), Histology images
from a 25-year-old male who was tape-stripped with D-squame tape. The circles indicate the areas in which the remaining layers of the SC were
counted after (A) O, (B) 7, (C) 15 and (D) 30 consecutive tape strippings. (I) Count of the remaining layers of the SC by tape type. Circles represent
the individual observations (some data points overlap). Barrier tape is in blue, and D-squame is in red. No sex difference was observed (P = 0.57)

participants in whom the skin became moist during the tape-
stripping procedure, additional tape strips did not adhere well on
the skin, and, by visual examination of the tape strips, it appeared
that tape stripping of moist skin did not remove a significant
amount of skin cells. In line with this, Dickel et al (2010) investi-
gated epidermal mRNA expression induced by a standardized
tape-stripping protocol with 3M Blenderm surgical tape.* The
authors described the stratum lucidum as a visual endpoint of

tape stripping, indicating almost complete removal of the SC, and
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FIGURE 2  Black dots represent the number of tape strippings until
complete removal of the stratum corneum (SC). Complete removal
was defined as no remaining layer or one remaining layer of the
SC. The grey line shows the median number of tape strippings used
until complete removal. One individual is missing in the D-squame
group, because complete removal was not obtained with

30 consecutive tape strippings

used 24 (median) tape strips down to the stratum lucidum with
3M Blenderm surgical tape. However, the minimum and maximum
values on used tape strips (15-35 tapes) indicates, as in this study,
large variability among the 31 participants. In addition, Dickel
et al showed significant changes in epidermal expression profiles,
based on curettage biopsies, 6 hours after standardized tape
stripping. As curettage biopsies were taken 6 hours after tape
stripping, keratinocytes were thought to be the major sources of
the immunostimulatory response.*

Interestingly, studies have successfully retrieved RNA and pro-
teins from this outermost layer of the skin by using the tape-stripping
method:®°7; however, it is still to be determined whether the cells
obtained with the tape-stripping method contain molecular markers
that represent the cell responses in the deeper, living layers of the epi-
dermis. Therefore, studies that compare findings of cells from tape
strips with those obtained from skin biopsies are needed. In line with
this, a study from 2018 compared the RNA transcripts from cells
obtained by tape stripping with cells from skin biopsies in patients
with atopic dermatitis, and showed that the expression profiles from
cells obtained by tape stripping were different from those found in
skin biopsies, and can be used to identify novel endotypes of atopic
dermatitis.2 The methodology, however, needs to be further devel-

oped. Moreover, the large interindividual variation that we observed
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in healthy skin must be expected to be even greater in dermatitis
patients with an impaired skin barrier.’

In conclusion, our study shows that only skin cells from the SC
are removed by the tape-stripping method applied to healthy skin.
Moreover, large intraindividual variation was observed in relation to
the number of layers of the SC and the number of consecutive tape
strippings needed to completely strip the SC. The fact that the tape-
stripping method primarily obtains cells from the SC, when used on
individuals with healthy skin, is important to take into consideration
when results from skin cells obtained with this non-invasive technique

are interpreted.

ACKNOWLEDGEMENTS

The authors would like to acknowledge Nurse Anne Marie Topp for

her assistance in the clinic.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to report.

ORCID
Julie Sglberg "= https://orcid.org/0000-0002-7699-2216
Nina H. Ulrich "2 https://orcid.org/0000-0002-4253-6933

Malin G. Ahlstrém "= https://orcid.org/0000-0003-2092-7826
https://orcid.org/0000-0003-3770-1743
Charlotte M. Bonefeld "= https://orcid.org/0000-0002-0523-6229
Anne-Sofie @. Gadsbgll "= https://orcid.org/0000-0001-5757-9365
https://orcid.org/0000-0003-4187-4508

https://orcid.org/0000-0002-3537-8463

Jacob P. Thyssen

Eva Balslev

Jeanne D. Johansen

CONTACT 321
DERMATITIS AL LEY-L 2

REFERENCES

1. Guttman-Yassky E, Ungar B, Malik K, et al. Molecular signatures order
the potency of topically applied anti-inflammatory drugs in patients
with atopic dermatitis. J Allergy Clin Immunol. 2017;140:1032-1042.
e1013.

2. Pinkus H. Examination of the epidermis by the strip method of remov-
ing horny layers. |. Observations on thickness of the horny layer, and on
mitotic activity after stripping. J Invest Dermatol. 1951;16:383-386.

3. Clausen ML, Slotved HC, Krogfelt KA, Agner T. Tape stripping tech-
nique for stratum corneum protein analysis. Sci Rep. 2016;6:19918.

4. Dickel H, Gambichler T, Kamphowe J, Altmeyer P, Skrygan M. Stan-
dardized tape stripping prior to patch testing induces upregulation of
Hsp90, Hsp70, IL-33, TNF-alpha and IL-8/CXCL8 mRNA: new insights
into the involvement of ‘alarmins’. Contact Dermatitis. 2010;63:
215-222.

5. Morhenn VB, Chang EY, Rheins LA. A noninvasive method for quantify-
ing and distinguishing inflammatory skin reactions. J Am Acad Dermatol.
1999;41:687-692.

6. Wong R, Tran V, Talwalker S, Benson NR. Analysis of RNA recovery
and gene expression in the epidermis using non-invasive tape stripping.
J Dermatol Sci. 2006;44:81-92.

7. Engebretsen KA, Kezic S, Riethmuller C, et al. Changes in filaggrin deg-
radation products and corneocyte surface texture by season. Br J Der-
matol. 2018;178:1143-1150.

8. Dyjack N, Goleva E, Rios C, et al. Minimally invasive skin tape strip RNA
sequencing identifies novel characteristics of the type 2-high atopic
dermatitis disease endotype. J Allergy Clin Immunol. 2018;141:1298-
1309.

9. Cork MJ, Danby SG, Vasilopoulos Y, et al. Epidermal barrier dysfunction
in atopic dermatitis. J Invest Dermatol. 2009;129:1892-1908.

How to cite this article: Sglberg J, Ulrich NH, Krustrup D,
et al. Skin tape stripping: Which layers of the epidermis are
removed? Contact Dermatitis. 2019;80:319-321. https://doi.
org/10.1111/cod.13199



https://orcid.org/0000-0002-7699-2216
https://orcid.org/0000-0002-7699-2216
https://orcid.org/0000-0002-4253-6933
https://orcid.org/0000-0002-4253-6933
https://orcid.org/0000-0003-2092-7826
https://orcid.org/0000-0003-2092-7826
https://orcid.org/0000-0003-3770-1743
https://orcid.org/0000-0003-3770-1743
https://orcid.org/0000-0002-0523-6229
https://orcid.org/0000-0002-0523-6229
https://orcid.org/0000-0001-5757-9365
https://orcid.org/0000-0001-5757-9365
https://orcid.org/0000-0003-4187-4508
https://orcid.org/0000-0003-4187-4508
https://orcid.org/0000-0002-3537-8463
https://orcid.org/0000-0002-3537-8463
https://doi.org/10.1111/cod.13199
https://doi.org/10.1111/cod.13199
https://orcid.org/0000-0002-0766-4382
mailto:m.l.a.schuttelaar@umcg.nl

	 Contact urticaria with anaphylaxis caused by chlorocresol, chloroxylenol, and thiourea
	  CASE REPORT
	  DISCUSSION
	  ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Allergic contact dermatitis caused by undecylenic acid in an antifungal nail solution
	  CASE REPORT
	  DISCUSSION
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Multiple chemical sensitivity syndrome is not caused by contact allergy
	  METHODS
	  RESULTS
	  DISCUSSION
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Occupational contact dermatitis caused by isopropanol-containing disinfectant based on a genetic defect
	  CASE REPORT
	  DISCUSSION
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Skin tape stripping: Which layers of the epidermis are removed?
	  METHODS
	  RESULTS
	  DISCUSSION
	  ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Anaphylactic reaction caused by skin contact with the disinfectant chloramine-T
	CASE REPORT
	DISCUSSION
	CONFLICTS OF INTEREST
	REFERENCES

	 Contact allergy to 2-amino-2-methyl-1-propanol in a metalworking fluid
	CASE REPORT
	DISCUSSION
	CONFLICTS OF INTEREST
	REFERENCES

	 Optimal patch test concentration for three widely used sensitizing fragrance substances without mandatory labelling in cos...
	  METHODS
	  RESULTS
	  DISCUSSION
	  ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Isothiazolinones in paint as a cause of airborne contact dermatitis in a patient with psoriasis receiving anti-interleukin...
	CASE REPORT
	DISCUSSION
	CONFLICTS OF INTEREST
	REFERENCES

	 Acute generalized exanthematous pustulosis (AGEP)-like contact dermatitis resulting from topical therapy in a polysensitiz...
	  CASE REPORT
	  DISCUSSION
	  ACKNOWLEDGEMENTS
	  CONFLICTS OF INTEREST
	  REFERENCES

	 Occupational contact dermatitis caused by Eucalyptus species and Tanacetum parthenium
	  CASE REPORT
	  DISCUSSION
	  CONFLICTS OF INTEREST
	  REFERENCES




