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CONTACT DERMATITIS

Standardized tape stripping prior to patch testing
induces upregulation of Hsp90, Hsp70, IL-33,
TNF-α and IL-8/CXCL8 mRNA: new insights

into the involvement of ‘alarmins’
Heinrich Dickel, Thilo Gambichler, Jeanette Kamphowe, Peter Altmeyer and Marina Skrygan

Department of Dermatology, Venereology and Allergology, Ruhr University Bochum, Bochum, Germany

Background: The strip patch test is recommended if patch test results are presumed to be false-negative.
It is under discussion whether the cutaneous inflammation induced by tape stripping is a pivotal element
in enhancing the allergic contact dermatitis response.

Objectives: To investigate epidermal mRNA expression of mediators implicated in the regulation of
inflammation induced by tape stripping according to our standardized protocol in human skin.

Patients/Methods: Thirty-one healthy volunteers (median age 26 years, range 18–62 years) participated
in the study. We measured epidermal mRNAs coding for cytokines [tumour necrosis factor-α (TNF-
α), interferon-γ (IFN-γ ), interleukin (IL)-1α, IL-1β, IL-33, IL-10, IL-8/CXCL8, chemokine (C–C
motif) ligand 2 (CCL2)/MCP-1 (monocyte chemotactic protein-1), chemokine (C–C motif) ligand 5
(CCL5)/RANTES (regulated upon activation normal T-cell expressed, and presumably secreted), IL-
6, granulocyte–macrophage colony-stimulating factor (GM-CSF)], an adhesion molecule [intercellular
adhesion molecule type 1 (ICAM-1)], heat shock proteins (Hsp27, Hsp70 and Hsp90), and the
inflammasome complex [NACHT-LRR-PYD-containing protein-3 (NALP3), apoptosis-associated speck-
like protein containing a CARD (ASC)/CARD5 (caspase recruitment domain-containing protein-5) and
caspase-1] in tape-stripped skin of the upper back relative to untreated skin of the upper back, using
quantitative real-time reverse transcription polymerase chain reaction technology.

Results: Epidermal mRNA expression levels of TNF-α, Hsp90, Hsp70, IL-33, and IL-8/CXCL8 were
significantly upregulated, whereas CCL5/RANTES expression was significantly downregulated 6 hr after
standardized tape stripping.

Conclusions: Tape stripping the skin according to our standardized protocol shows immunostimulatory
effects, with induction of keratinocyte-derived ‘alarmins’ and cytokines mounting an immune response,
which may contribute to the increased sensitivity of the strip patch test versus the patch test.
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Tape stripping the skin prior to patch testing – the
so-called strip patch test – is recommended if patch
test results are presumed to be false-negative (1).
The basic idea of this modification of patch testing
is to increase the bioavailability of the test substance

in the deeper epidermal cell layers by removing the
uppermost cell layers of the stratum corneum (2).

We recently proposed the first standardized pro-
tocol for uniform performance of the strip patch
test (3) and subsequently verified its diagnostic
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accuracy (4). In further studies, we showed a repro-
ducible stratum corneum reduction of 31% with
our strip patch test protocol (5), and its ability to
considerably lower elicitation thresholds for test
substances (6).

However, it is still controversial whether patch
test reactions on tape-stripped skin may be false-
positive because of the non-specific stimulation
of the immune system (7). Thus, the exaggerated
response to the test substance is believed to be
irritant rather than allergic (8). In contrast, it is
believed that non-persistent cutaneous inflammation,
for example by mild irritant tape stripping, is a piv-
otal element in enhancing allergic contact dermatitis
responses (9–11). In summary, the relevant mecha-
nisms are still not fully understood (12).

To the best of our knowledge, only the study
of Nickoloff and Naidu (13) has investigated acute
barrier disruption of human epidermis by tape strip-
ping, and they reported an increase in mRNA cod-
ing for tumour necrosis factor-α (TNF-α), inter-
leukin (IL)-8, IL-10, interferon-γ (IFN-γ ), inter-
cellular adhesion molecule type 1 (ICAM-1), trans-
forming growth factor (TGF)-α, and TGF-β. Hence,
the aim of the present study was to expand our
knowledge of mRNA expression changes of media-
tors that are involved in the regulation of inflam-
mation and that may be induced by tape strip-
ping according to our standardized protocol (3)
in human epidermal skin. We therefore measured
epidermal mRNAs coding for pro-inflammatory
cytokines (TNF-α, IFN-γ , IL-1α, IL-1β and IL-33),
an immunosuppressive/antagonist cytokine (IL-10),
chemotactic cytokines [IL-8/CXCL8, chemokine
(C–C motif) ligand 2 (CCL2)/MCP-1 (monocyte
chemotactic protein-1), chemokine (C–C motif) lig-
and 5 (CCL5)/RANTES (regulated upon activation
normal T-cell expressed, and presumably secreted)],
growth-promoting cytokines [IL-6 and granulo-
cyte–macrophage colony-stimulating factor (GM-
CSF)], an adhesion molecule (ICAM-1), heat shock
proteins (Hsp27, Hsp70 and Hsp90), and the inflam-
masome complex [NACHT-LRR-PYD-containing
protein-3 (NALP3), apoptosis-associated speck-like
protein containing a CARD (ASC)/CARD5 (cas-
pase recruitment domain-containing protein-5) and
caspase-1] in tape-stripped skin of the upper back
as compared with untreated skin of the upper back.

Patients, Materials and Methods

This single-centre, prospective, investigator-blinded,
controlled study was approved by the ethics commit-
tee of the Medical Faculty of the Ruhr University
Bochum (registration no. 2881; approved 2 February
2009). Procedures were explained in detail to all

subjects, who signed informed consent forms prior
to participation.

Study population

Thirty-one healthy subjects participated in this
investigation. Study enrolment took place between
April and July 2009. For study inclusion, subjects
had to be at least 18 years old and had to have
clinically normal skin on the back. Exclusion cri-
teria were pregnancy, lactation, intake of immuno-
suppressive or immune-modulating drugs such as
glucocorticoids or ciclosporin, topical use of gluco-
corticoids on the back, intense UV exposure on the
back within the 4 weeks prior to study enrolment,
known local anaesthetic intolerance, and predispo-
sition to keloid formation. The discontinuation cri-
terion was intense discomfort in the test areas, but
this criterion did not apply in any case.

Tape stripping and epidermal tissue sample

Tape stripping was performed according to our
formerly proposed protocol for the strip patch
test (3). Tape stripping was carried out with a
3M™ Blenderm™ surgical tape (3M™ Medica;
3M Deutschland GmbH, Neuss, Germany; metric
25 mm × 4.5 m; CE no. 0493–BSI 0086–class I;
batch no. 201309, expiry date: 1 September 2013);
any body hair was removed before stripping, with a
3M™ Clipper. In derogation from the original pro-
tocol, patch test substances were not applied.

On the upper back, three test areas were randomly
marked with B, R and T, and received the following
initial treatments: B, no tape strips (baseline value);
R, tape strips down to the stratum lucidum (refer-
ence value for calculating tape strips for T according
to the formula: Rtape strips × 11/26 = Ttape strips (3));
and T, calculated number of tape strips (target
value). Randomization of the tape-stripped side of
the upper back (comprising test areas R and T) was
conducted according to a randomization list in the
31 subjects.

In brief, the adhesive tape was applied first on
test area R without tension, parallel to the spine,
using the fingertips to lightly smooth it onto the
skin under gentle pressure for about 2 seconds (3).
The adhesive tape was then removed in one smooth
motion in the direction of adherence at an angle of
45◦. After each stripping, a new piece of adhesive
tape was applied on exactly the same test area.
Stripping was performed until the stratum lucidum
(break-off criterion: three small glistening spots,
indicating almost complete removal of the stratum
corneum) became visible. The necessary number of
tape strips was then multiplied with the tape-specific
correction factor, cf = 11/26 ≈ 0.42. The calculated
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Table 1. Primer sequences of all genes examined by quantitative real-time reverse transcription polymerase chain reaction

Gene symbol Forward primer Reverse primer

TNF-α 5′-CCCAGGCAGTCAGATCATCTTC-3′ 5′-GCTTGAGGGTTTGCTACAACATG-3′

IFN-γ 5′-CAGGTCATTCAGATGTAGCGGATA-3′ 5′-TCTGTCACTCTCCTCTTTCCAATTC-3′

IL-1α 5′-GAATGACGCCCTCAATCAAAGTAT-3′ 5′-TCAAATTTCACTGCTTCATCCAGAT-3′

IL-1β 5′-GATGGCTTATTACAGTGGCAATGA-3′ 5′-CAGAGGTCCAGGTCCTGGAA-3′

IL-6 5′-CCTGAGAAAGGAGACATGTAACAAGA-3′ 5′-GGCAAGTCTCCTCATTGAATCC-3′

IL-8/CXCL8 5′-TGTGTGTAAACATGACTTCCAAGCT-3′ 5′-GCAAAACTGCACCTTCACACAG-3′

IL-10 5′-GGCGCTGTCATCGATTTCTT-3′ 5′-CTCTTGGAGCTTATTAAAGGCATTCT-3′

IL-33 5′-CACTGAAAACAGGTAGAAAGCACAAA-3′ 5′-CCTGATATACCAAAGGCAAAGCA-3′

CCL2/MCP-1 5′-CAGCAGCAAGTGTCCCAAAG-3′ 5′-TCCAGGTGGTCCATGGAATC-3′

CCL5/RANTES 5′-CGTGCCCACATCAAGGAGTAT-3′ 5′-CGGTTCTTTCGGGTGACAAA-3′

GM-CSF 5′-CATGATGGCCAGCCACTACA-3′ 5′-GATAATCTGGGTTGCACAGGAAGT-3′

ICAM-1 5′-AGCCAGGAGACACTGCAGACA-3′ 5′-TGGCTTCGTCAGAATCACGTT-3′

Hsp27 5′-GCGTGTCCCTGGATGTCAAC-3′ 5′-GTGTATTTCCGCGTGAAGCA-3′

Hsp70 5′-AGGAGGAACCACATGTTGAAGAG-3′ 5′-TGAGAGGTCTCCATTTCTTCAGACT-3′

Hsp90 5′-GCTCCTGTCTTCTGGCTTCAGT-3′ 5′-ATCTTCATCAATACCCAGACCAAGT-3′

NALP3 5′-GCTTCAGGTGTTGGAATTAGACAA-3′ 5′-CTGGAGGTCAGAAGTGTGGAAAG-3′

ASC/CARD5 5′-AGCCAGGCCTGCACTTTATAGA-3′ 5′-GCAGCCACTCAACGTTTGTG-3′

Caspase-1 5′-TCACTGCTTCGGACATGACTACA-3′ 5′-GGAACGTGCTGTCAGAGGTCTT-3′

RPL38 5′-TCACTGACAAAGAGAAGGCAGAGA-3′ 5′-TCAGTGTGTCTGGTTCATTTCAGTT-3′

TNF-α, tumour necrosis factor-α; IFN-γ , interferon-γ ; IL, interleukin; CCL2/MCP-1, chemokine (C–C motif) ligand 2/monocyte
chemotactic protein-1; CCL5/RANTES, chemokine (C-C motif) ligand 5/regulated upon activation normal T-cell expressed, and presumably
secreted; GM-CSF, granulocyte–macrophage colony-stimulating factor; ICAM-1, intercellular adhesion molecule type 1; Hsp, heat
shock protein; NALP3, NACHT-LRR-PYD-containing protein-3; ASC/CARD5, apoptosis-associated speck-like protein containing a
CARD/caspase recruitment domain-containing protein-5; RPL38, ribosomal protein L38 (housekeeping gene).

number of tape strips was then applied likewise on
test area T.

Based on the epidermal mRNA expression kinet-
ics reported by Nickoloff and Naidu (13), 6 hr
after tape stripping we performed a small curettage
biopsy on test areas B and T with a 4-mm round
curette blade following minimal injection of local
anaesthetic. A subgroup of 11 subjects additionally
received a curettage biopsy on test area R.

Quantitative real-time reverse transcription
polymerase chain reaction (RT-PCR)

Quantitative real-time RT-PCR was performed
as previously suggested (14). Total cellular RNA
was isolated from epidermal tissue samples with
an RNeasy� Mini Kit (Qiagen, Chatsworth, CA,
USA), following the manufacturer’s protocol. Prior
to cDNA synthesis, mRNA was digested with
RNase-free DNase I (Roche Applied Science,
Mannheim, Germany). cDNA was synthesized
by reverse transcription from DNase I-treated
RNA, using Multi-Scribe™ reverse transcriptase
enzyme and random hexamer primers (TaqMan�

Reverse transcription reagents; Applied Biosystems,
Forster City, CA, USA). RT-PCR was performed
with a Power SYBR� Green PCR Master Mix
(Applied Biosystems) and StepOne™ Real-Time
PCR System (Applied Biosystems). PCR primers
for the 18 mediators and the housekeeping gene,
the ribosomal protein L38 gene (RPL38), were

designed with the primer express 3.0 program
(Applied Biosystems) and produced by the cus-
tom oligonucleotide synthesis service TIB MolBiol
(Berlin, Germany). All primers were checked
for cDNA specificity using the Blast pro-
gram (http://www.ncbi.nlm.nih.gov/BLAST/). The
primers are shown in Table 1.

PCR amplifications were performed in a total
volume of 25 μl, containing 5 μl of cDNA sample,
0.5 μm each primer and 12.5 μl of Power SYBR�

Green PCR Master Mix (Applied Biosystems). PCR
was started with 2 min at 50◦C and an initial 10-
min denaturing temperature of 95◦C, and this was
followed by a total of 40 cycles of 15 seconds of
denaturing and 1 min of annealing and elongation
at 60◦C.

Melting curve analysis was performed to iden-
tify all amplified PCR products. Target gene mRNA
levels were normalized to the homogeneously
expressed housekeeping gene RPL38. Expression
levels of mRNA were calculated using the com-
parative �-�Ct method (15). In order to make the
mRNA levels more illustrative, the �Ct values (log-
arithms) were retransformed.

Blinding

The biologist performing the RT-PCR (M.S.) was
blinded with respect to the kind of treatment of the
respective test area. Analysis of unblinded data was
eventually performed by T.G.
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Statistical analysis

Data analysis was performed using the statistical
package MedCalc (Mariakerke, Belgium). Distribu-
tion of data was assessed by the D’Agostino-Pearson
test. Medians including the range and 95% confi-
dence intervals (CIs) were calculated. mRNA data
were analysed using the Kruskal–Wallis anova
and the Wilcoxon post hoc test for paired data.
Exploratory assessment of correlation was per-
formed using the Spearman and Kendall Tau pro-
cedures, including CIs. As this was an exploratory
study, no α-adjustment (Bonferroni) was performed.
Statistical significance was set at the 5% level
(two-sided).

Results

Study population

All 31 subjects finished the study according to the
protocol. No adverse events from performing tape
stripping were reported. Demographic and clinical
characteristics of these subjects and their subgroup
(n = 11) are summarized in Table 2. Test sides of
the upper back receiving tape strips were balanced.
Appearance of the stratum lucidum in test area R
required a median number of 24 tape strips. After
multiplication by the tape-specific correction factor
[cf = 11/26 (3)], the ‘median’ subject received 10
tape strips in test area T.

Table 2. Demographic and clinical subject characteristics of the
total (N = 31) and the subgroup (n = 11)

Value

Characteristic Total Subgroup

Age (years), median
(min.–max., Q1, Q3)

26 (18–62, 24, 34) 30 (23–54, 26, 34)

Sex, n (%)
Female 19 (61.3) 6 (54.5)
Male 12 (38.7) 5 (45.5)

Fitzpatrick skin type, n (%)
I 4 (12.9) 1 (9.1)
II 20 (64.5) 8 (72.7)
III 7 (22.6) 2 (18.2)
IV–VI 0 (0.0) 0 (0.0)

Tape-stripped side of the
back, n (%)
Left 15 (48.4) 5 (45.5)
Right 16 (51.6) 6 (54.5)

Tape strips down to the
SL (R), median
(min.–max., Q1, Q3)

24 (15–35, 21, 28) 24 (15–35, 22, 30)

Tape strips calculated
(T),∗ median
(min.–max., Q1, Q3)

10 (6–15, 9, 12) 10 (6–15, 9, 13)

Q1, 25th percentile; Q3, 75th percentile; SL, stratum lucidum; R,
test area with tape strips down to the stratum lucidum (reference
value); T, test area with calculated numbers of tape strips (target
value).
∗Strips down to the SL × 11/26.

Epidermal mRNA expression levels

The RT-PCR data were non-normally distributed.
For the total, medians with their range and dif-
ferences of medians, including their 95% CIs, of
epidermal mRNA expression levels are presented in
Table 3. Six hours after tape stripping, epidermal
mRNAs of TNF-α, IL-33, Hsp70, Hsp90, and IL-
8/CXCL8 showed significantly higher expression in
the test areas with the calculated numbers of tape
strips (T) than in the test areas with no tape strips
(B). In contrast, mRNA of CCL5/RANTES showed
significantly lower expression in the epidermis 6 hr
after tape stripping.

Among these, correlations of epidermal mRNA
expression levels between IL-33 and Hsp70
(r = 0.47, 95% CI 0.14–0.71, P = 0.011), IL-
33 and Hsp90 (r = 0.63, 95% CI 0.34–0.81,
P = 0.001) and Hsp70 and Hsp90 (r = 0.88, 95%
CI 0.76–0.94, P < 0.0001) were highly significant.
Epidermal mRNA expression levels of Hsp90 were
also significantly correlated with those of TNF-α
(r = 0.38, 95% CI 0.03–0.65, P = 0.039). Epider-
mal mRNA expression levels of IL-8/CXCL8 were
inversely correlated with those of CCL5/RANTES
(r = 0.54, 95% CI 0.22–0.75, P = 0.003). Other
significant correlations were not found (data not
shown). Only differences in the median mRNA
expression levels of Hsp90 and IL-33 were signifi-
cantly correlated with the interindividually different
calculated numbers of tape strips (Hsp90, r = 0.45,
95% CI 0.11–0.69, P = 0.014; IL-33, r = 0.38,
95% CI 0.03–0.65, P = 0.035). However, no
correlations were seen between epidermal mRNA
expression levels and age, sex or the Fitzpatrick
skin type (data not shown).

For the subgroup of subjects with additional
curettage biopsies from the test area with tape strips
down to the stratum lucidum (R), the medians and
range of epidermal mRNA expression levels are
given in Table 4. Six hours after tape stripping,
epidermal mRNAs of IL-1β and Hsp90 showed
significantly higher expression in the test areas with
tape strips down to the stratum lucidum (R) than in
the test areas with the calculated numbers of tape
strips (T).

Discussion

This study is unique in presenting data on the
upregulation of epidermal mRNA expression levels
of TNF-α, Hsp90, Hsp70, IL-33 and IL-8/CXCL8
in human abraded skin of the upper back with
calculated numbers of tape strips according to
our proposed standardized strip patch test proto-
col (3). Tape stripping the skin of the upper back
to the stratum lucidum as a simple-to-judge visual
endpoint indicating almost complete removal of
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Table 3. Epidermal mRNA expression levels in untreated skin (test area B) versus tape-stripped skin with calculated numbers of tape
strips (test area T) of 31 subjects

Gene symbol
Untreated skin (B), median

mRNA (range)
Tape-stripped skin (T),
median mRNA (range)

Difference, median mRNA
(95% CI) T–B, P -value

TNF-α 0.37 (0–2.03) 0.48 (0–3.59) 0.08 (−0.05–0.27) 0.033
IFN-γ 0 (0–0.039) 0 (0–0.256) 0 (0–0) 0.743
IL-1α 0.025 (0–0.073) 0.025 (0–0.107) 0 (−0.001–0.004) 0.450
IL-1β 0.08 (0–0.54) 0.10 (0–0.89) 0.01(−0.02–0.05) 0.519
IL-6 0 (0–0.020) 0 (0–0.015) 0 (0–0) 0.992
IL-8/CXCL8 0 (0–0.150) 0.006 (0–1.342) 0 (0–0.05) 0.013
IL-10 0.005 (0–0.254) 0.008 (0–0.523) 0 (−0.001–0.004) 0.487
IL-33 0.23 (0.04–0.54) 0.26 (0.03–1.14) 0.03 (−0.01–0.07) 0.036
CCL2/MCP-1 0.28 (0–0.75) 0.32 (0.10–1.87) 0.04 (−0.03–0.11) 0.100
CCL5/RANTES 0.007 (0–0.113) 0.006 (0–0.066) −0.003 (−0.005–0) 0.002
GM-CSF 0.0005 (0–0.0024) 0.0003 (0–0.0031) 0 (−0.0006–0) 0.450
ICAM-1 0.011 (0–0.033) 0.014 (0–0.223) 0 (−0.003–0.007) 0.340
Hsp27 28.48 (8.12–192.93) 29.08 (9.59–115.51) −1.87 (−6.85–3.99) 0.688
Hsp70 0.49 (0.21–4.70) 0.56 (0.19–4.60) 0.08 (−0.04–0.18) 0.045
Hsp90 1.71 (0.52–9.79) 2.19 (0.67–10.57) 0.46 (0.22–0.76) <0.0001
NALP3 0.0002 (0–0.0024) 0.0005 (0–0.0031) 0 (0–0.0001) 0.390
ASC/CARD5 1.70 (0.51–12.31) 1.76 (0.40–22.19) 0.09 (−0.22–0.22) 0.625
Caspase-1 0.14 (0–0.96) 0.11 (0–0.28) 0 (−0.05–0.01) 0.227

CI, confidence interval; TNF-α, tumour necrosis factor-α; IFN-γ , interferon-γ ; IL, interleukin; CCL2/MCP-1, chemokine (C–C motif)
ligand 2/monocyte chemotactic protein-1; CCL5/RANTES, chemokine (C–C motif) ligand 5/regulated upon activation normal T-cell
expressed, and presumably secreted; GM-CSF, granulocyte–macrophage colony-stimulating factor; ICAM-1, intercellular adhesion molecule
type 1; Hsp, heat shock protein; NALP3, NACHT-LRR-PYD-containing protein-3; ASC/CARD5, apoptosis-associated speck-like protein
containing a CARD/caspase recruitment domain-containing protein-5.

the stratum corneum (3) further increased epider-
mal mRNA expression levels of Hsp90 and, more
importantly, of IL-1β as compared with abraded
skin of the upper back with calculated numbers of
tape strips.

Within the epidermis 6 hr after tape stripping,
keratinocytes were most likely the major sources
of TNF-α, Hsp90, Hsp70, IL-33, IL-8/CXCL8 and
IL-1β (16–19). In contrast, Langerhans cells con-
stitute only up to 5% of the total epidermal cell

Table 4. Epidermal mRNA expression levels in tape-stripped skin with calculated numbers of tape strips (test area T) versus skin
tape-stripped down to the stratum lucidum (test area R) of the subgroup of 11 subjects

Gene symbol
Tape-stripped skin (T),
median mRNA (range)

Tape-stripped skin (R),
median mRNA (range)

Difference, median mRNA
(95% CI)

(R–T),
P -value

TNF-α 0.53 (0.27–3.59) 1.07 (0.60–2.52) 0.52 (−0.51–0.80) 0.123
IFN-γ 0 (0–0.005) 0 (0–0) 0 (−0.002–0) 0.250
IL-1α 0.001 (0–0.051) 0.014 (0–0.175) 0.004 (−0.015–0.017) 0.496
IL-1β 0 (0–0.22) 0.26 (0–0.94) 0.26 (0.08–0.51) 0.002
IL-6 0 (0–0) 0 (0–0) NC NC
IL-8/CXCL8 0 (0–0.054) 0 (0–2.739) 0 (0–0.703) 0.125
IL-10 0 (0–0.075) 0 (0–0.080) 0 (−0.056–0.035) 0.938
IL-33 0.32 (0.03–1.14) 0.56 (0.12–2.30) 0.25 (−0.14–1.09) 0.084
CCL2/MCP-1 0.36 (0.10–1.87) 0.17 (0.02–0.85) −0.17 (−1.28 to −0.01) 0.148
CCL5/RANTES 0 (0–0.009) 0 (0–0.012) 0 (−0.008–0.002) 0.563
GM-CSF 0 (0–0.0031) 0 (0–0.0015) 0 (−0.0009–0.0001) 0.438
ICAM-1 0.007 (0–0.223) 0.006 (0–0.310) 0.006 (−0.032–0.022) 0.496
Hsp27 19.45 (9.59–115.51) 13.95 (3.79–74.13) −5.35 (−24.84–0.38) 0.175
Hsp70 0.47 (0.19–4.60) 1.31(0.35–3.56) 0.16 (−1.32–1.01) 0.465
Hsp90 1.88 (0.67–10.57) 3.98 (1.46–11.49) 1.49 (−1.32–4.41) 0.032
NALP3 0 (0–0.0021) 0 (0–0.0034) 0 (−0.0018–0.0005) 0.844
ASC/CARD5 1.38 (0.73–22.19) 0.62 (0.21–2.74) −0.49 (−6.31–0.15) 0.098
Caspase-1 0.08 (0–0.28) 0 (0–0.48) −0.08 (−0.14–0) 0.313

CI, confidence interval; TNF-α, tumour necrosis factor-α; IFN-γ , interferon-γ ; IL, interleukin; CCL2/MCP-1, chemokine (C–C motif)
ligand 2/monocyte chemotactic protein-1; CCL5/RANTES, chemokine (C–C motif) ligand 5/regulated upon activation normal T-cell
expressed, and presumably secreted; GM-CSF, granulocyte–macrophage colony-stimulating factor; ICAM-1, intercellular adhesion molecule
type 1; Hsp, heat shock protein; NALP3, NACHT-LRR-PYD-containing protein-3; ASC/CARD5, apoptosis-associated speck-like protein
containing a CARD/caspase recruitment domain-containing protein-5; NC, not computed.
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population (20), and it has also been reported that
mechanical skin irritation caused by tape stripping
exhibits no inflammatory cell infiltration up to 24 hr
after the procedure is performed (13, 21, 22). Thus,
keratinocytes sense the danger signal of ‘tape strip-
ping’ and can activate a number of effector mecha-
nisms to trigger cutaneous inflammation.

As is widely believed, TNF-α plays an important
pro-inflammatory role by inducing numerous medi-
ators (23) without being specific to allergic or to
irritant reactions (21).

To the best of our knowledge, we report for
the first time a considerable increase in expres-
sion of the heat shock proteins Hsp90 and Hsp70
after skin irritation by tape stripping. Both heat
shock proteins have been only recently classified as
‘alarmins’ (17, 24, 25), a subgroup of the damage-
associated molecular pattern family (26). In con-
trast to what was formerly believed, Hsp90 and
Hsp70 themselves have no cytokine-inducing activ-
ities (27). Heat shock proteins may be upregulated
by pro-inflammatory cytokines such as TNF-α and
be crucial in protecting keratinocytes against numer-
ous types of environmental stress and inflamma-
tion, although their role in inflammation is still
unclear (28). The molecular chaperone functions of
heat shock proteins are obviously necessary not only
for the folding of newly synthesized proteins in the
keratinocytes but also for the protection of proteins
during exposure to irritant or stressful situations
such as tape stripping, which may cause proteins
folded previously to unfold, and extracellular active
secretion or passive release of heat shock proteins
at sites of skin irritation (26, 27). However, many
irritants other than tape stripping [e.g. sodium lauryl
sulfate (29)] can induce heat shock proteins, but not
all heat shock proteins are induced by any given irri-
tant (16). Thus, we could not find Hsp27 as a marker
for skin irritation (29) induced by tape stripping.
In our study, Hsp90 expression increased consider-
ably with an increasing number of tape strips. This
emphasizes that epidermal mRNA upregulation of
heat shock proteins may also depend on the intensity
of barrier disruption (21).

IL-33, a junior member of the IL-1 family (17,
30), also plays a pivotal role in response to tis-
sue injury (31). Recently, IL-33, with its chemotac-
tic and immunomodulating (i.e. anti-inflammatory)
abilities, has been discussed as a further member
of the ‘alarmin’ family, because of its predomi-
nant appearance in the nuclear compartment of ker-
atinocytes (17, 30). It might function as an early
warning system at sites of skin irritation, reflect-
ing secretion from keratinocytes that are no longer
stable. TNF-α and IL-1β can induce IL-33 expres-
sion in keratinocytes, but the precise biological role
of IL-33 is still largely unknown (31).

IL-8/CXCL8 and CCL5/RANTES are some of the
most abundant chemokines involved in chemotaxis
of T-cells into the skin (19), and are released
by TNF-α-activated keratinocytes (32). In contrast
to the findings of Onoue et al. (33) in murine
skin, we observed no increase of CCL5/RANTES
expression in tape-stripped human epidermis; in
fact, the opposite was true.

Keratinocytes can activate IL-1β indepen-
dently of the immune system after physical
insult (34). Activated through a keratinocyte-based
inflammasome-mediated process, IL-1β has been
proposed by Watanabe et al. (35) to be crucial
for haptenized Langerhans cell migration to the
lymph nodes. This parallels the common belief
that early synthesis of IL-1β is required for the
sensitization phase of allergic contact dermatitis,
inducing a cytokine cascade including TNF-α,
GM-CSF and IFN-γ (19, 36, 37), even though
IL-1β is not specific for allergic reactions (20,
21). TNF-α can significantly increase some of the
inflammasome components, such as caspase-1, in
keratinocytes (34). In this study, IL-1β was only
induced by tape stripping to the stratum lucidum,
suggesting that over-intense epidermal barrier dis-
ruption might increase the risk of sensitization by
the strip patch test procedure itself. However, epi-
dermal mRNA of the inflammasome complex was
not upregulated at the investigated point in time,
regardless of the number of tape strips.

We acknowledge several methodological aspects
that represent strengths and limitations of this study.
First, we preformed curettage biopsies with min-
imal blemish and dermal haemorrhage at biopsy
sites. This is a practical method for the separation
of in vivo epidermis from dermis. Consequently, we
could explore mRNA expression changes of regu-
latory mediators of inflammation in epidermal frag-
ments rather than full-thickness skin biopsies, with
varying contributions of resident dermal cells or
infiltrating cells. However, the potential influence
of the minimal injection of local anaesthetic (38)
and the surgical procedure itself on the RT-PCR
analysis was not evaluated. Second, for technical
reasons, the analysable epidermal tissue sample was
limited. Therefore, we had to restrict the mediator
panel to 18 genes, giving us only limited insights
into the complex epidermal inflammation profile.
For example, we excluded from real-time quanti-
tative RT-PCR analysis further keratinocyte-derived
cytokines that may be partly secreted in response
to non-specific stimulation: TGF-α, TGF-β, IL-
1RA, IL-7, IL-12, IL-15, IL-18, CXCL1/Gro-α and
CXCL10/IP-10 (39–41). Third, we can make no
comment on the kinetics of mediator expression,
because only one time point after tape stripping
(6 hr) was measured. Further studies evaluating the
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kinetics of mediator expression in human skin after
tape stripping are needed, but will be hardly feasi-
ble for ethical reasons. However, this shortcoming
might be overcome, for example, by performing
cutaneous microdialysis (42, 43). Finally, we did not
include methods that offered the possibility of con-
firming the presence of expressed genes at the pro-
tein level as well. Although RT-PCR is a far more
sensitive method for the detection of gene expres-
sion than immunohistochemistry, the latter method
should be included in future studies.

In vivo studies analysing epidermal mRNA
expression in humans after acute barrier disruption
by tape stripping are scarce (21). In 8 healthy vol-
unteers, Nickoloff and Naidu (13) found increased
epidermal mRNA expression levels of TNF-α, IL-8,
IL-10, IFN-γ , ICAM-1, TGF-α, and TGF-β 6 hr
after tape stripping; IL-1β, IL-2, IL-4 and IL-5
mRNAs, as additionally assayed with RT-PCR,
were not detected. However, direct comparison
with our data is somewhat hampered because of a
different test site (buttock skin), a higher number
of tape strips (80–100 times in the majority of
subjects) and a mediator panel of genes that did not
completely overlap, even though the time of biopsy
was identical. Nevertheless, our data showed also
an upregulation of TNF-α and IL-8 mRNAs in the
epidermis.

In summary, not only the physical epidermal
barrier but also the inflammatory epidermal barrier
is influenced by tape stripping according to the
proposed standardized strip patch test protocol (3).
Our own data suggest that the defined reduction
of stratum corneum of 31% (5) in association with
the increased expression of epidermal mRNAs,
including those of TNF-α, Hsp90, Hsp70, IL-33 and
IL-8/CXCL8, may be in large part responsible for
the considerably increased sensitivity of the strip
patch test versus the patch test (4, 6). However,
we cannot estimate how much the observed stratum
corneum reduction or changes in epidermal cell
immunology contribute to this enhanced sensitivity.
The pathophysiological significance of all of these
findings needs to be further clarified. Finally, it
should not be forgotten that the extent to which
sensitization is expressed clinically depends always
on a complex interaction between the sensitizing
potency of the test substance, exposure and skin
susceptibility (44). Against this background, one
may also argue that test substances can elicit patch
test reactions if only because the change in skin
susceptibility caused by tape stripping has been
sufficient to permit this; that is, a true-negative
test result is turned into a false-positive test result.
Patients might be diagnosed as being allergic to
environmental agents to which they are not. This
again emphasizes the task of diagnosing allergic

contact dermatitis (45), in which the strip patch test
will be a useful tool if a careful patient history
and case-dependent use tests are also taken into
consideration (46).

Conclusion

Standardized tape stripping of the skin prior to patch
testing (3) not only facilitates the penetration of test
substances (5) but also enhances skin immunoreac-
tivity to the test substances by inducing the expres-
sion of keratinocyte-derived ‘alarmin’ and cytokine
mRNAs. With this expanded but still far from com-
plete knowledge, the strip patch test has the potential
to detect the presence of allergic contact dermatitis
in patients with negative patch test results (4).
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T, Lepoittevin J P (eds): Berlin, Heidelberg, New York,
Springer-Verlag, 2006: 69–82.

21. Effendy I, Maibach H I. Cytokines and irritant dermatitis. In:
Irritant Dermatitis, Chew A L, Maibach H I (eds): Berlin,
Heidelberg, New York, Springer-Verlag, 2006: 361–374.

22. Morhenn V B, Chang E Y, Rheins L A. A noninvasive
method for quantifying and distinguishing inflammatory skin
reactions. J Am Acad Dermatol 1999: 41: 687–692.

23. Bashir M M, Sharma M R, Werth V P. TNF-alpha production
in the skin. Arch Dermatol Res 2009: 301: 87–91.

24. Yang D, de la Rosa G, Tewary P, Oppenheim J J. Alarmins
link neutrophils and dendritic cells. Trends Immunol 2009: 30:
531–537.

25. Chen G Y, Tang J, Zheng P, Liu Y. CD24 and Siglec-10
selectively repress tissue damage-induced immune responses.
Science 2009: 323: 1722–1725.

26. Bianchi M E. DAMPs, PAMPs and alarmins: all we need to
know about danger. J Leukoc Biol 2007: 81: 1–5.

27. Tsan M F, Gao B. Heat shock proteins and immune system.
J Leukoc Biol 2009: 85: 905–910.

28. Sur R, Lyte P A, Southall M D. Hsp27 regulates pro-
inflammatory mediator release in keratinocytes by modu-
lating NF-kappaB signaling. J Invest Dermatol 2008: 128:
1116–1122.

29. Boxman I L A, Hensbergen P J, Van Der Schors R C,
Bruynzeel D P, Tensen C P, Ponec M. Proteomic analysis
of skin irritation reveals the induction of HSP27 by sodium
lauryl sulphate in human skin. Br J Dermatol 2002: 146:
777–785.

30. Gadina M, Jefferies C A. IL-33: a sheep in wolf’s clothing?
Sci STKE 2007: 2007: pe31.

31. Barksby H E, Lea S R, Preshaw P M, Taylor J J. The expand-
ing family of interleukin-1 cytokines and their role in destruc-
tive inflammatory disorders. Clin Exp Immunol 2007: 149:
217–225.

32. Sebastiani S, Albanesi C, De Pità O, Puddu P, Cavani
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