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Response of the Clinically Uninvolved Skin of Psoriatic Patients
to Tape Stripping during Acitretin Treatment
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The aromatic retinoids etretinate and acitretin are widely used
in the systemic treatment of severe psoriasis. The purpose of the
present investigation was to further elucidate the mode of action
of acitretin on abnormal keratinization and epidermal hyperpro-
liferation in an in vivo model. Studies on the interference of
acitretin with epidermal hyperproliferation and abnormal
keratinization in psoriatic plaques are difficult to interpret, as
acitretin-induced changes might be due to direct effects of
acitretin or be the indirect effect of retinoid-induced modulation
of cutaneous inflammation.

Using an immunohistochemical assessment, we examined the
in vivo effect of systemic acitretin (>35mg daily) on the
expression of filaggrin, involucrin, and on the recruitment of
cycling epidermal cells, in the tape-stripped uninvolved skin
of psoriatic patients, a model which provides the opportunity to
study epidermal regeneration in the absence of significant
accumulation of T-lymphocytes. During acitretin therapy and
3 weeks after withdrawal of acitretin, we took biopsies from
uninvolved skin following tape-stripping in 6 patients with psori-
asis. Six patients with psoriasis who had never used acitretin
served as controls. We did not observe a Koebner response in
our patients after tape stripping. Filaggrin expression was
decreased, while the recruitment of cycling epidermal cells and
the involucrin expression were increased in the biopsies taken
from patients who did not use acitretin. During acitretin treat-
ment, however, the filaggrin expression was similar, whereas the
Ki-67 positive nuclei and the involucrin expression showed a
statistically significant decrease compared to those parameters
in the patients who did not use acitretin. Our findings indicate
that epidermal hyperproliferation and abnormal keratinization
are modulated directly by acitretin. Key words: psoriasis; filag-
grin; involucrin; recruitment of cycling epidermal cells.
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It has been demonstrated that retinoic acid can inhibit pro-
filaggrin synthesis in cultured human epidermis keratinocytes
(1). Asselineau et al. reported that retinoic acid prevents the
conversion of profilaggrin into filaggrin in cultured human
epidermal keratinocytes (2). The transcription of the type I
(epidermal) transglutaminase mRNA is down-regulated by
retinoids (3). Transglutaminase 1 is responsible for the catalyz-
ation of the crosslinking of involucrin during the synthesis of
the cornified envelope (4).

In psoriatic plaques, epidermal hyperproliferation and
abnormal keratinization are associated with a pronounced
infiltration of various cell types. Therefore, in vivo studies on
the interference with epidermal hyperproliferation and abnor-
mal differentiation in psoriatic plaques are difficult to interpret,
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as those changes might be due to direct effects of acitretin or
be the indirect effect of retinoid-induced modulations of cuta-
neous inflammation.

The purpose of the present investigation was to further
elucidate the mode of action of acitretin on abnormal keratiniz-
ation and epidermal hyperproliferation in an in vivo model.
We used the tape stripping model. which was first described
by Pinkus (5). After repeated application of sellotape, thereby
removing almost all of the horny layer, Pinkus observed a
regenerative response of the human epidermis (6). Tape strip-
ping is a useful model of synchronized growth, allowing us to
study drug influences on cell kinetics accurately, without
significant infiltrate formation (7).

Using an immunohistochemical assessment, we examined
the in vivo effect of acitretin on the presence of filaggrin and
involucrin, and on the recruitment of cycling epidermal cells
in the uninvolved skin of psoriatic patients.

MATERIAL AND METHODS

Patients

Six patients (age 41-70 years) with severe psoriasis vulgaris for 2-37
years participated in this study. Each patient was informed about the
experiment and gave written consent. The mean dose of acitretin was
34.2 mg+9.7 (mean + standard error of the mean, 0.4-0.8 mg/kg body
weight/day), and all the patients had mucocutaneous side-effects. In 5
patients the acitretin-free dynamics of trauma-induced hyperprolifer-
ation was assessed 3 weeks following discontinuation of acitretin,
whereas in one patient the acitretin-free phase was studied before
treatment. Although a period of 2 years is adopted as safe with respect
to teratogenicity, it was shown that a relapse in palmoplantar pustules
occurred only 2 weeks after discontinuation (8). Dierlich et al.
demonstrated that it takes 3 weeks of continuing medication with oral
retinoids to affect the accelerated epidermal cell proliferation in
psoriatic patients (9). This made us decide to take the biopsies after
3 weeks.

Tape stripping was performed at day 0 and day 23 on the uninvolved
skin (back) of the psoriatic patients. After 48 h, when epidermal
proliferation is most pronounced (7, 10, 11), punch biopsies (3 mm)
were taken, embedded in Tissue Tek compound, snap frozen in liquid
nitrogen and stored at —80°C until use. After the biopsies were taken
on day 2, the acitretin therapy was discontinued,

Six patients of matched age with psoriasis vulgaris for 2-21 years
and who did not use acitretin during the experiment and had not used
acitretin in the past served as controls. They were also tape-stripped
at the uninvolved skin (back). Again. after 48h a punch biopsy
(3 mm) was taken from the tape-stripped area. Sections of 6 um were
cut, air-dried and fixed for 10 min in acetone-ether 60/40 vol.% ( Ki-67
staining) or in aceton (other stainings) and stored again at —80°C
until use.

Monoclonal antibodies

To assess epidermal differentiation we used a monoclonal
antibody against filaggrin (monoclonal mouse anti-filaggrin,
BTI, BT576) and involucrin MON-150 (monoclonal antibody
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Table 1. Epidermal proliferation and differentiation in normal, psoriatic and stripped skin

Comparison of the expression of filaggrin, involucrin and Ki-67 positive nuclei in normal skin, psoriatic uninvolved skin (PUI)
after tape stripping (PS) before cyclosporin A (-CsA), during CsA (+CsA), in the psoriatic lesion (PL)(previously presented
results: ®:, **: %) without acitretin (-Ac) and during acitretin (+ Ac). Data expressed as mean +SEM and quartiles.

Normal PUIL(- CsA)** PUI(+ CsA)**  PL¥*** PUI 48 h PS PUI{-Ac) PUIL(+Ac)
skin* 48 h PS 48 h PS 48 h PS 48 h PS
Filaggrin str.cor.
M +SEM 10040 15.0+10.7 10.0 £10.0 26+11.3 58449 14.0£8.7 34421
100-%otile 100 100 100 100 30 40 100
75-%tile 100 U} 0 70 5 30 70
50-%utile 100 0 0 25 0 0 0
25-Yntile 100 0 0 0 0 0 0
0-%tile 100 0 0 0 0 0 0
str.gran.
M +SEM 10040 940460 . 80.0+13.4 55+11.6 80£10.5 64.0+19.4 B6+11.5
100-%tile 100 100 100 100 100 100 100
75-%utile 100 100 100 90 95 90 100
50-Yatile 100 100 100 75 90 S0 95
25-%tile 100 100 100 40 80 34 95
0-%tile 100 40 0 0 30 0 40
Involucrin tip
M+ SEM 254412 587133 534428 63.8+35 71.2+2.8 69.8+34 52.5+4.2
100-"utile 33 71 66 7] 83 83 71
75-Ytile 25 66 60 70 75 75 57
S0-%utile 25 60 57.5 56 71 71 50
25-%tile 25 50 43 50 66 67 44
0-%tile 20 43 42 50 66 60 43
interpap.
M £SEM 209427 37.0+28 353+2.6 31.04+21 548426 51.743.5 41.0+3.3
100-%utile 36 50 53 40 65 60 50
T5-%tile 25 43 40 31 62 60 47
50-%tile 18 35.5 33 30 60 53 42
25-%tile 18 33 30 25 50 50 38
0-Yutile 13 22 23 22 45 37 27
Ki-67 pos.nucl.
M+ SEM 10.5+2.5 86.4+15.7 8944213 119.0+22.1 106.3+15.0 99.6+14.8 76.2+15.2
100-%atile 20 160 200 260 152 152 140
T5-Ytile 14 128 128 176 138 108 132
50-%atile 12 82 81 112 126 94 73
25-%tile - 40 40 100 84 72 54
0-%tile 0 16 4 32 66 62 44

against involucrin) (12). To characterize the epidermal prolif-
eration we used a monoclonal antibody against a nuclear
antigen present in the cycling cells (MIB 1 (cellprol. assoc.
nucl. antigen (Ki-67), Immunotech SA AMAC Inc) (13).

Staining procedures

For the staining with anti-filaggrin, anti-involucrin, and Ki-67
an indirect immunoperoxidase technique was used. The slides
were putin a phosphate-buffered stock solution (PBS solution:
360 ml Na,HPO, (7.9 g Na,HPO,, Merck in 500 ml demineral-
ized water) plus 70 ml NaH,PO, (13.8 g NaH,PO,, Merck, in
500 ml demineralized water) plus 70 ml demineralized water).
For 60 min the slides were incubated with the monoclonal
antibodies MIB-1 (1:50 diluted in PBS solution + azide + 1%
BSA), anti-filaggrin and anti-involucrin (1:500 and 1:50
diluted in PBS solution). After washing with phosphate buffer
the slides were incubated with rabbit anti-mouse immunoglob-
ulin conjugated with peroxidase (1:25, RAMPO). After wash-
ing in the PBS solution and pre-incubation with sodium-
acetate buffer (pH 4.9), a solution of 3-amino-9-ethylcarbazole

(AEC) in sodium-acetate buffer containing 0.01% H,O, was
added for 10 min.

All slides were counterstained with Mayer’s haematoxylin
(Sigma. St. Louis MO USA) and mounted in glycerol gelatin.

Histological examination

Epidermal proliferation was measured by counting the number
of Ki-67 positive nuclei per mm length of the section. The
filaggrin expression was assessed by measuring the percentage
of the length of the stratum corneum and stratum granulosum
which was stained. The involucrin expression was assessed by
calculating the ratio positive cell layers/total cell layers of the
living epidermis. This was performed at two sites: at the tip
of a dermal papilla and between two dermal papillae (14).

Statistical evaluation

For statistical analysis the Wilcoxon test for matched pairs and the
Mann-Whitney test were used.
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RESULTS

None of the patients showed a Koebner response.

Histological results

The results appear in Table 1. After tape-stripping anti-filaggrin
was absent or showed discontinuous expression in both layers.
The filaggrin expression in the stripped areas during acitretin
treatment did not show a significant change, compared to
filaggrin in the stripped areas after discontinuation of acitretin
(Pstegran Z 0.11, Pyir corm >0.15).

Whereas involucrin expression in normal human skin is
present in the stratum granulosum and upper third of the
stratum spinosum (15-16), after tape-stripping the involucrin
expression is also observed in the lower region of the epidermis
(17). This induction of involucrin decreased significantly
during acitretin treatment (py, <0.02, pinerpap, =0.04).

The degree of stripping induced recruitment was significantly
reduced during acitretin treatment, compared to the stripping
induced recruitment 3 weeks after discontinuation of acitretin
(p=0.04; Fig. 1).

The histological results of biopsies taken from the control
group did not show a significant difference compared to the
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Fig. 1. Ki-67 positive nuclei in the tape-stripped uninvolved skin 3
weeks after withdrawal of acitretin,

Fig. 2. Ki-67 positive nuclei in the tape-stripped uninvolved skin
during acitretin.
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Fig. 3. Ki-67 positive nuclei in the tape-stripped uninvolved skin of
the control group.

observation in the group of patients who stopped the acitretin
for 3 weeks.

DISCUSSION

In 1951 Pinkus made the discovery that following the applica-
tion of multiple strips of cellophane tape to normal skin, a
predictable mitotic response of epidermal cells occurs. After
multiple strips of tape had been successfully applied to the
same area the corneocytes were removed, layer by layer.
Within 48-72 h after tape stripping he observed a burst of
mitoses in the basal layer and in the lower region of the
stratum spinosum (5). The peak of the mitotic response is
usually after 48 h (18). The stratum granulosum is lost after
12h (6). After 24 h, a parakeratotic layer starts to form and
the stratum granulosum starts to regenerate beneath the
parakeratotic cells (18).

The present investigation confirms earlier observations of
our group that epidermal dysregulation after tape-stripping
and epidermal characteristics of the psoriatic plaque have
important similarities with respect to recruitment of cycling
epidermal cells, filaggrin and involucrin expression (Table I)
(17).

Following tape stripping, filaggrin expression had decreased
markedly. The observation that filaggrin expression remains
decreased during acitretin treatment is in line with the previous
in vitro findings that retinoic acid can inhibit profilaggrin
synthesis and prevent the conversion of profilaggrin into
filaggrin in cultured human epidermal keratinocytes (1, 2).
Our results are also in agreement with the observation of
Eichner et al., who demonstrated a reduction of filaggrin
expression in epidermal cells of rhino mice after topical
application with retinoic acid (19). In contrast to the single
strip model, following repeated stripping we observed a sub-
stantial increase of filaggrin and epidermal cells, which implies
that the superficial layers of the epidermis remain to be
biochemically active (20). On the other hand, Rosenthal et al.
noted an increased number of cell layers with involucrin and
filaggrin expression after topical retinoic acid treatment in
healthy volunteers (21). However, the irritation of the skin
following topical retinoid might be responsible for this effect.
It is known that retinoids exert a different effect in normal
human epidermis compared to psoriatic epidermis. Gillenberg



et al. observed an increase of epidermal proliferating cells
in normal human epidermis during therapeutic doses of oral
aromatic retinoids (22). The reports of Lowe et al. and
Dierlich et al. definitely demonstrate the antiproliferative effect
of retinoids in psoriatic skin (9, 23). In the present investigation
using an in vivo model for epidermal proliferation, an inhibi-
tion of the recruitment of cycling cells could be substantiated.
The results confirm that the 3-week interval between the two
biopsies was correct.

The observation that the stripping-induced recruitment of
cycling epidermal cells and involucrin expression are both
reduced during systemic acitretin treatment (= 35 mg daily)
supports the hypothesis that involucrin synthesis is related to
the proliferation rate of epidermal keratinocytes. It has been
reported that the number of T-cells is not induced by tape
stripping in patients who do not show a positive Koebner
response (17). Indeed. only sporadically distributed infiltrate
cells were observed following tape stripping in our patients.
Therefore, the modulation of epidermal changes following
tape stripping by acitretin is unlikely to be secondary to
immune modulatory effects of the drug.
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