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Tenascin-C is not a Useful Marker for Disease Activity in Psoriasis
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Tenascin-C is an extracellular matrix glycoprotein that is
markedly upregulated in the dermis of psoriatic skin. In this
study, we have addressed the question whether the presence of
tenascin-C in the lesion or in serum is a marker for disease
activity. Immunohistochemical staining of tenascin-C before
and after treatment with different topical and systemic medi-
cation showed that tenascin-C remained abundant after clin-
ical remission of lesions, indicating that downregulation of
tenascin-C to normal values is a slow process. By using a sen-
sitive enzyme-linked immunosorbent assay to measure levels
of serum tenascin-C in psoriatic patients and unaffected indi-
viduals, we found that tenascin-C levels in most patients were
within the normal range. Moreover, tenascin-C values did not
correlate with disease activity. We conclude that tenascin-C is
not useful as a marker for disease activity in psoriasis. Key
words: corticosteroid; retinoic acid; acitretin; methotrexate;
cyclosporin A.
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One of the earliest abnormalities seen in the onset of formation
of psoriatic lesions is the upregulation of the extracellular
matrix protein tenascin-C (TN-C) (1-3). TN-C is a large hex-
americ glycoprotein consisting of subunits of 220320 kDa
that are linked by disulphide bonds (see (4) for review). In nor-
mal adult skin, TN-C surrounds blood vessels and epidermal
adnexa and is sparsely distributed at the dermal —epidermal
junction (Fig. 1) (1, 5, 6). TN-C expression in the papillary der-
mis is markedly increased in psoriatic lesions (1), in epidermal
tumours (6-8) and after injury ((9-11) and references
therein). Recently we showed that TN-C is not exclusively pro-
duced by dermal cells: in healing skin wounds, TN-C mRNA is
expressed by epidermal keratinocytes as well (10). In vitro stu-
dies suggested various functions for TN-C, including modula-
tion of cell proliferation, differentiation, adhesion and
migration, and suppression of the immune response (reviewed
in (4, 12)). The role of TN-C in vivo, however, remains elusive,
especially because knocking out the TN-C gene in mice did not
cause marked phenotypical changes (13).

TN-C protein is deposited in the extracellular matrix of var-
ious tissues, but in addition, TN-C is present in the circulation
((14) and references therein). Various reports show that low
levels of TN-C can be detected in serum of healthy individuals,
while TN-C levels increase in pathologic conditions, suggesting
that TN-C could be useful as a diagnostic marker for some dis-
eases.

The aim of this study was to investigate the dynamics of TN-
C expression in psoriasis. Our data indicate that TN-C cannot
be used as a marker for disease activity in psoriasis.
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MATERIAL AND METHODS

TN-C expression in psoriatic plaques

Patients and therapies. Thirty-four patients with chronic plaque psoria-
sis were included for immunohistochemical evaluation of TN-C. A
summary describing the medication in each of the four different treat-
ment groups is given in Table I. In one patient group, a left-right study
was performed comparing 0.1% hydrocortisone-17-butyrate cream
(Locoid Crelo, Yamanouchi, Leiderdorp, The Netherlands) with vehi-
cle as a placebo control. Clobetasol-17-propionate (Dermovate, Glaxo,
Zeist, The Netherlands) was applied as ointment and as lotion, the lat-
ter under occlusion of a hydrocolloid dressing (Duoderm EG, Conva-
tec, Woerden, The Netherlands).

In addition to the effect of topical treatments with corticosteroids on
TN-C expression in psoriatic plaques, we investigated the effect of sys-
temic treatment with the synthetic retinoic acid agonist acitretin
(Roche, Basel, Switzerland). Ten patients with severe psoriasis were
treated with 25 mg acitretin once daily, and this dosage was increased
to 50 mg in patients who showed no improvement of the clinical scores
after 8 weeks of treatment. Clinical efficacy of the topical treatments
was assessed using the sum score: erythema, induration and desquama-
tion were scored on a 5-point scale (0=no cutaneous involvement,
1 =slight, 2=moderate, 3=marked, 4 =severe involvement) and the
three scores were added to obtain the sum score. To evaluate the extent
and severity of the psoriasis and to assess the clinical effectiveness of
systemic treatment with acitretin, the psoriasis area and severity index
(PASI) was scored. Permission for experiments on humans was
obtained from the Medical Ethical Committee of the University Hos-
pital in Nijmegen, and patients gave their written informed consent to
participate in this study.

Biopsies. Punch biopsies with a diameter of 3 or 4 mm were taken under
local anaesthesia from the psoriatic lesions before and at the end of
treatment, as indicated in Table 1. Biopsies from patients who were
treated with clobetasol-17-propionate were embedded in Tissue Tek
OCT compound and stored at —80°C until use, while biopsies of
patients who received other medication were formalin-fixed and
embedded in paraffin.

Immunohistochemistry. The mouse monoclonal antiserum T2HS,
which was kindly provided by A. Verstraeten (Free University, Amster-
dam, The Netherlands), was used for staining of TN-C in cryostat sec-
tions. TN-C was visualized according to an indirect immunoperoxidase
staining protocol described previously (1). For formalin-fixed sections
of patients treated with hydrocortisone-17-butyrate, TN-C was
detected by indirect immunoperoxidase staining (11) with the rabbit
polyclonal antiserum A107 (Telios, San Diego, CA). TN953 was
applied for detecting TN-C in biopsies of the acitretin-treated group,
in combination with the peroxidase Vectastain Elite ABC kit (Vector
Laboratories, Burlingame, CA). TN953 we raised in New Zealand
White rabbits by immunization with highly purified human TN-C as
previously described (10). Note that staining of psoriatic skin with
either T2HS, A107 or TN953 gives the same TN-C staining pattern.
The staining pattern obtained in normal skin is comparable for the dif-
ferent antisera as well.

For evaluation, staining of TN-C in the dermis was assessed using an
8-point scale (15): 0=no staining, | =sporadic staining in the upper
dermis adjacent to the basement membrane of the dermo-epidermal
junction, 2=a patchy distribution in the upper dermis adjacent to the
basement membrane, but not present in all dermal papillae, 3 =a pat-
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Fig. 1. Immunohistochemical staining of TN-C. (A) In normal
human skin, TN-C is sparsely distributed in the papillary dermis and
surrounds blood vessels. In psoriasis, TN-C is abundant before (B)
and after (C) treatment with clobetasol-17-propionate lotion under
occlusion. Scale bars: 100 pm.

chy expression in the tips of all dermal papillae, but not continuous,
4 =a patchy expression in the tips of all dermal papillae that is not con-
tinuous but extends deeper into the dermis, 5=a thin, but continuous
layer adjacent to the basement membrane, 6 =a continuous layer, adja-
cent to the basement membrane and further in the papillary dermis,
7=a continuous layer, adjacent to the basement membrane and
extending into the reticular dermis.

TN-C in serum of psoriatic patients

Patients and therapies. Serum samples were collected from 7 healthy
volunteers (3 males, 4 females) that participated in this study. For
determination of circadian variation in TN-C values, blood was drawn
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every 4 h during 24 h in a psoriatic patient and a healthy control. To
study TN-C in psoriasis, 15 patients with severe chronic plaque psoria-
sis who were treated with cyclosporin A (n=9) or methotrexate (n =6)
were included. Patients had not used systemic treatment for at least 4
weeks or local treatment for at least 1 week prior to the start of this
study. Initial dosage of cyclosporin A was 3 mg/kg body weight; in 2
patients, this dosage was increased up to 4 mg/kg body weight after 8
weeks of treatment. At the start of the cyclosporin A therapy and after
2,4, 8, 12 and 16 weeks, serum samples were collected, and the PASI
score was determined as a measure of disease activity. Patients who
received methotrexate initially started with 7.5 mg once weekly accord-
ing to the Weinstein Schedule, and depending on their individual clin-
ical response, this dosage was subsequently adjusted. Serum samples
and PASI scores were obtained at various time points during treatment
with methotrexate. Permission for experiments on humans was
obtained from the Medical Ethical Committee of the University Hos-
pital in Nijmegen, and patients gave their written informed consent to
participate in this study.

Enzyme-linked immunosorbent assay. To quantify TN-C concentra-
tions in sera, a modification of the sandwich-type enzyme-linked
immunosorbent assay (ELISA) that we developed previously was
applied (10). Normal goat serum (1% in PBS) was used instead of
BSA to block free protein-binding sites. Binding of the secondary anti-
serum against TN-C was assessed with the peroxidase Vectastain Elite
ABC kit (Vector Laboratories, Burlingame, USA) to make the assay
more sensitive. The detection limit was approximately 5 ng TN-C per
ml.

RESULTS
TN-C remains abundant after remission of psoriatic lesions

Biopsies were taken before and after treatment with topically
applied corticosteroids (clobetasol-17-propionate or hydrocor-
tisone-17-butyrate) or a systemically administered retinoic acid
analogue (acitretin). TN-C was detected immunohistochemi-
cally and staining was assessed using an 8-point scale. Before
treatment, TN-C was continuously distributed along the base-
ment membrane at the dermal epidermal junction (scoring 5 —
7) in all biopsies. Although the medication used was clinically
effective in most patients, as indicated by a decrease in their
clinical score, TN-C staining patterns did not change signifi-
cantly (see Table IT and Fig. 1).

TN-C levels in the serum of psoriatic patients do not correlate
with disease

We quantified TN-C in the serum of patients with severe psor-
iasis during treatment with cyclosporin A or methotrexate by
ELISA. As a control, we measured TN-C levels in the serum of
7 healthy persons. TN-C concentrations in the control group
ranged from 0.54-1.4 pg/ml (mean 1.114+0.39 pg/ml); this
correlates very well with the data published by other authors
(14). In our study, we found no effect of age or sex on TN-C
levels and observed no circadian rhythm (data not shown).
TN-C levels in the serum of psoriatic patients showed consid-
erable variation between individuals. Although many of the
patients had serum levels in the normal range, in others, TN-
C was increased compared to the levels in serum of unaffected
subjects. In the whole set of patient sera tested, the TN-C con-
centrations measured ranged from 0.29-4.45 pg/ml (mean
1.2740.79 pg/ml). The difference in serum TN-C levels
between patients and controls was not statistically significant.
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Table 1. Patients included in the immunohistochemical part of the study and their medication

Treatment Patient Pharmacological Application Application Duration of
number type frequency treatment
Hydrocortisone-17-butyrate® 6 Corticosteroid 11 Topical Twice daily 4 weeks
Placebo® 6 - Topical Twice daily 4 weeks
Clobetasol-17-propionate 9 Corticosteroid IV Topical Once weekly 6 weeks®
Clobetasol-17-propionate + occlusion 9 Corticosteroid IV Topical Twice daily 6 weeks®
Acitretin 10 Retinoic acid Systemic Once daily 12 weeks

2 Six patients participated in a left-right study in which treatment of a plaque on one side of the body with hydrocortisone-17-butyrate was com-
pared with treatment of a plaque on the opposite side of the body with vehicle as a placebo control.
b Patients were treated with clobetasol-17-propionate for a maximum of 6 weeks or less in cases of clearance of the lesion.

Table I1. Tenascin-C in psoriatic plaques before and after treatment with different local or systemic medication

Therapy Tenascin-C Clinical score

Before After Before After
Hydrocortisone-17-butyrate 5.8 (0.4) 5.8(0.4) 6.8 (1.7) 2.3(1.8)
Placebo 5.8(0.4) 6.2 (0.4) 6.3 (1.4) 5.5(1.2)
Clobetasol-17-propionate 6.0 (0.0) 6.0 (0.0) 5.7(1.3) 1.6 (1.2)
Clobetasol-17-propionate + occlusion 6.0 (0.0) 6.1(0.3) 6.6 (0.9) 0.8 (0.4)
Acitretin 5.9 (0.6) 5.5(.1) 20 (2.3) 13 (1.9)

TN-C was detected immunohistochemically, and staining was assessed using an 8-point scale. The clinical severity of the psoriasis was assessed
using the sum score for topical treatments, and the PASI score for systemic treatment with acitretin. Data shown are mean values of Tenascin-C

scoring and clinical scores plus SD.

No significant correlation was found between PASI scores and
TN-C serum levels.

DISCUSSION

To gain further insight into the kinetics and patterns of TN-C at
the protein level during different stages of the disease, we studied
TN-C immunohistochemically in psoriatic lesions. As reported
previously, TN-C was markedly upregulated at the dermal —epi-
dermal junction in untreated lesions. Furthermore, we found
that TN-C continued to be present at elevated levels after clin-
ical remission of lesions. This was seen after topical treatment
with corticosteroids of different classes as well as after systemic
treatment with the retinoic acid derivative acitretin. Clinical effi-
cacy of these therapies is accompanied by normalization of the
expression pattern of other histological markers of psoriasis,
including the proliferation marker Ki-67, and differentiation
markers such as transglutaminase, cytokeratin 16, and
SKALP/elafin ((16) and unpublished results). This clearly con-
trasts with the regulation of TN-C during clearance: the normal
distribution of TN-C seems to be restored much more slowly. It
is likely that prolonged treatment will ultimately result in a
reduction of TN-C in the psoriatic lesion. We hypothesize that
TN-C might be a marker for complete resolution of a lesion.
Further studies are needed to test whether evaluating TN-C
immunoreactivity might provide an approach to ascertain com-
plete resolution of psoriatic lesions, and to see whether downre-
gulation of TN-C to normal levels could be associated with
prolonged remission of lesions.

The effect of corticosteroids on TN-C production was pre-
viously investigated in experiments with cultured cells and in
animal models. Addition of dexamethasone to the culture med-

ium of fibroblasts and other cells was shown to inhibit the
synthesis of TN-C (17). In mice, oral administration of dexa-
methasone decreased the expression of TN-C mRNA in wounds
and experimental tumours (18, 19). These findings differ from
the results presented here, where we did not observe an effect
of corticosteroids on TN-C in psoriatic lesions. However, we
examined the effect of corticosteroids on the presence of TN-C
protein in the extracellular matrix, while in the other studies,
synthesis of new TN-C was examined by quantifying TN-C
mRNA or metabolically labelled protein. If turnover of TN-C
protein is slow in psoriatic lesions, the protein will still be abun-
dant even if TN-C synthesis was blocked by the corticosteroids
that we applied. Another explanation for the difference in obser-
vations might be that TN-C is not affected in this study because
the effective corticosteroid concentration obtained through local
administration might be too low to reduce TN-C expression.

In addition to examining TN-C in sections of psoriatic
lesions, we also studied the kinetics of TN-C during psoriasis
at a more systemic level by quantifying TN-C in the serum of
psoriatic patients. Although some patients had TN-C levels up
to 4 times the mean value obtained for unaffected individuals,
many patients had values in the normal range. Moreover,
serum TN-C levels did not significantly correlate with the clin-
ical course of disease. Others have reported that an increase in
TN-C levels in the serum correlates with inflammation (14, 20).
Such a correlation with inflammation was not observed in the
psoriatic patients that participated in this study, as neither
induration nor erythema scores were indicative for the amount
of TN-C detected in the serum.

We conclude from our data that neither the presence of TN-
C in the dermis, nor its presence in serum, can be used as a mar-
ker for disease activity in psoriasis.
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