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Abstract: Cathepsin (Cat) L is an important lysosomal proteinase
involved in a variety of cellular functions including intracellular protein
turnover, epidermal homeostasis and hair development. Hurpin (serpinB13)
is a cross-class specific serine protease inhibitor of Cat L. We have analysed
the expression and localization of Cat L and hurpin in various inflammatory
and neoplastic diseases by immunohistochemistry. Whereas Cat L expres-
sion in normal skin was below detection limit, immunoreactivity was
detected in chronic inflammatory dermatoses. The highest expression of Cat
L was found in psoriasis, atopic eczema and squamous cell carcinoma
(SCC) samples. Samples of Lupus erythematosus, folliculitis, acne inversa,
chronic leg ulcers and pyoderma gangrenosum demonstrated similar but
lower expression for Cat L. In malignant cells of SCC, basal cell carcinoma
andmalignant melanoma, characteristic staining patterns were observed for
Cat L, with more abundant expression at the periphery of the tumor.
Expanding our previous work, we found that the expression of hurpin
was confined mainly to the basal layer in normal skin samples, whereas
hurpin was overexpressed and redistributed in diseased skin. The loca-
lization of hurpin in dermatoses and neoplasias differed from that in
normal skin in that the highest expression was found in the outermost
layers of the granular and upper spinous layers. Similarly to Cat L, the
highest expression for hurpin was found in psoriasis and SCC.
The results presented here summarize for the first time the expression of
the protease Cat L and its inhibitor hurpin in a broad spectrum of skin
diseases.

M. Bylaite
1,2
, H. Moussali

1
,

I. Marciukaitiene
2
, T. Ruzicka

1

and M. Walz
1

1Department of Dermatology, Heinrich-Heine
University, Duesseldorf, Germany;
2Department of Dermatovenereology, Vilnius
University, Vilnius, Lithuania

Key words: cathepsin L – hurpin –
immunohistochemistry – inflammatory
dermatoses – neoplasias

Markus Walz, PhD
Department of Dermatology
Heinrich-Heine University
Moorenstrasse 5
D-40225 Duesseldorf
Germany
Tel.: þ49 211811 8798
Fax: þ49 211811 9175
e-mail: markus.walz@med.uni-duesseldorf.de

Accepted for publication 26 October 2005

Introduction

Human proteases are ubiquitously expressed in
many tissues and play an essential role in numer-
ous physiological and pathological processes.
Recently, cathepsins (Cats), belonging to the
lysosomal cysteine proteinases, were particularly
emphasized for their activity in important biolo-
gical functions, such as proteolytic processing of
proenzymes, antigen presentation, inflammation,
hormone maturation, fertilization, tissue remo-
delling, bone matrix resorption, cell proliferation,
differentiation, apoptosis and degradation of the
extracellular matrix, facilitating wound healing
but also the growth and invasion of tumor cells

(1–4). Evidently, the regulation of their proteoly-
tic activity is crucial for cell and tissue home-
ostasis. Protease activity is controlled at
different levels, e.g. by gene expression, specific
degradation of mature enzymes, blocking by spe-
cific inhibitors, their cellular or extracellular loca-
lization and control by environmental factors
such as pH and ionic strength (5). A disturbance
of the harmonious balance between a protease
and its inhibitor may cause severe and vital con-
ditions. The consequences of proteolytic dysregu-
lation were recently showed by Cat C mutations
in Papillon–Lefevre syndrome (6), Cat L defi-
ciency in furless mice (7), SPINK5 mutations in
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Netherton syndrome (8) or targeted ablation of
the serine protease matriptase/MT-SP1 (9).
Over the last decade, Cat L has been of great

interest due to its numerous functions. Cat L
appeared to be critically involved in epidermal
homeostasis, regulation of the hair cycle and
MHC class II-mediated antigen presentation in
cortical epithelial cells of the thymus (10,11). The
expression of Cat L in the thymus is essential for
natural killer T (NKT) cell development (12).
Surprisingly, Cat L-deficient mice were shown
to develop epidermal hyperproliferation and per-
iodic hair loss (7). Additionally, Cat L is secreted
by transformed mouse fibroblasts (13) and con-
verts interleukin (IL)-8 and urokinase-type plas-
minogen activator into the active form (14,15).
Finally, higher levels of Cat L were detected in
cancer tissue compared with normal tissues (16).
An increased proteolytic activity was found in
malignant skin tumors (17), malignant gliomas
(18) and gastrointestinal cancers (19). Moreover,
inhibition of Cat L decreased tumor growth of
murine melanoma (20) and, recently, the tumor-
igenicity and metastasis were inhibited by anti-
Cat L single chain-variable fragment in human
melanoma cells (21).
In previous work, it has been shown that Cat L

is inhibited by hurpin/headpin (22–24). Hurpin, a
serine proteinase inhibitor, was originally discov-
ered as an UV-repressible gene in HaCaT cells
(24). It was independently described as headpin
by others and shown to be differentially
expressed in the head and neck cancer (25).
Hurpin is closely related (59% amino acid iden-
tity) to the squamous cell carcinoma antigen
(SCCA) 1 and 2 (24). Previously, we have
shown that the expression of hurpin is associated
with the activation or proliferation state of kera-
tinocytes (24). Interestingly, hurpin was found to
be overexpressed in psoriatic skin lesions com-
pared with normal skin (24). On the basis of the
observation that hurpin protects keratinocytes
from UV-induced apoptosis, it was linked to
differentiation and apoptosis of human
keratinocytes.
In a previous report, we studied the expression

of hurpin in normal skin and selected skin dis-
eases by immunohistochemistry (IHC), using
newly generated monoclonal antibodies against
hurpin (26). The distinct differences in the expres-
sion and distribution of hurpin in diseased skin
suggested an additional potential role in inflam-
matory processes besides the regulation of pro-
teolytic activity.
In the present study, we examined the localiza-

tion of both proteins, hurpin and its target Cat L,

in various inflammatory and neoplastic diseases
by IHC. We found discordant distribution and
different expression of hurpin and Cat L in nor-
mal and diseased skin. The results presented here
summarize for the first time the expression of the
protease Cat L and its inhibitor hurpin in a broad
spectrum of skin diseases. Additional studies will
elucidate the mode of interaction and patholog-
ical role in chronic inflammatory processes and
tumor development.

Materials and methods

Specimens

Normal skin samples were obtained from the department of
plastic surgery after breast reduction operations. After fixation
in formaldehyde, they were processed for paraffin embedding.
Diseased skin samples, including chronic inflammatory derma-
toses, precanceroses, benign and malignant tumors, were
obtained from our histology department. Six to eight samples
of normal and pathological skin were studied using IHC for the
expression of Cat L and hurpin.

Immunohistochemistry

For immunohistochemical detection of hurpin, three antibodies
[developed by Eurogentec (Herstal, Belgium)] were employed as
described previously (26). The specificity of the antibodies was
shown in Western blot experiments. The results of IHC shown
here were generated using antibody G10B12. For Cat L detec-
tion, a monoclonal antibody to human Cat L (clone N135,
Acris GmbH, Hiddenhausen, Germany) was used. On the
basis of the undetectable expression of Cat L in normal skin,
we have additionally used a second antibody against Cat L
(polyclonal goat anti-Cat L [S-20 (sc-6500)], Santa Cruz
Biotechnology, Heidelberg, Germany) in combination with a
rabbit anti-goat biotin (Dako, Hamburg, Germany). The pri-
mary antibody was used at a concentration between 0.05 and
2mg/ml.
Paraffin-embedded sections (4 mm) were deparaffinized and

rehydrated. Antigen retrieval was performed only for Cat L
detection by incubating the slides in 10mM citrate buffer
(pH6.0) for 20min at 85 �C. Afterwards, the slides were incu-
bated with 0.6% hydrogen peroxide, and avidin and biotin
blocking was performed using the Vector-Blocking Kit
(Vector, Burlingame, CA, USA) according to the manufac-
turer’s protocol. The sections were then incubated overnight
at 4 �C with the primary monoclonal antibody against Cat L
at a concentration of 7mg/ml. Corresponding samples from
each disease were studied using the monoclonal antibody
against hurpin (G10B12) at a concentration of 20 mg/ml, over-
night at 4 �C. After washing in phosphate-buffered saline (PBS),
the sections were incubated with the secondary biotinylated
rabbit anti-mouse IgG (Dako) for 45min, washed again in
PBS and followed by incubation with streptavidine-peroxidase
conjugate (Dako) for 45min at room temperature. After wash-
ing in PBS, the chromogenic substrate AEC and H2O2 (Vector)
were added. Finally, the slides were counterstained with haema-
toxylin (Sigma, Taufkirchen, Germany) and mounted in crystal-
mounting medium (Biomeda, Foster City, CA, USA).
For negative controls, the primary antibodies were replaced by

mouse IgG1 (Dako) or PBS. Negative controls confirmed the
specificity of the primary and secondary antibodies. Samples
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from psoriatic skin were used as an internal staining control for
both proteins to ensure comparable experimental conditions.
Basal coils from eccrine glands were used as an internal positive
control for Cat L, whereas sebaceous glands served as a control
for hurpin. The sections were examined independently by two
dermatohistopathologists using light microscopy. The staining
was assessed with respect to localization (cytoplasmic or nuclear)
and intensity of staining relative to the normal skin.

Results

Immunohistochemical localization of hurpin and
Cat L in normal skin

Surprisingly, we could not detect Cat L in any of
our normal skin samples (Fig. 1a). Neither the use
of higher concentration of the antibodies nor dif-
ferent experimental conditions resulted in any
detectable level of expression. Use of a second
antibody against Cat L (S-20, Santa Cruz
Biotechnology) again did not result in detectable
Cat L expression. On the basis of the importance of
Cat L for the skin and especially for the hair devel-
opment, we have further studied the expression of
Cat L by reverse transcription-polymerase chain
reaction (RT-PCR) using RNA isolated from nor-
mal skin. We found Cat L mRNA to be expressed
in all samples analysed (data not shown). Between
individual biopsies we found differences in the
expression level. In conclusion, we think that Cat
L is present in normal skin, however, the concen-
tration is below our detection limit.
In contrast, hurpin expression was found at

moderate level in the basal layer and, to a lesser
extent, in the spinous and granular layers of the
epidermis (Fig. 1b, Table 1). There was no stain-
ing detected in the cornified layer. In the dermis,
fibroblasts, lymphocytes and endothelial cells of
blood vessels showed low-to-moderate staining
for hurpin, while sebaceous glands, hair follicles
(Fig. 1c) and eccrine sweat glands (Fig. 1d)
demonstrated moderate-to-strong immunostain-
ing. Within the basal coil of eccrine glands, hur-
pin expression was found in the secretory cells
with the most prominent staining in the epithelial
cells towards the lumen of ductal tubules.
Interestingly, individual secretory tubules dif-
fered in their level of expression. Compared
with sweat glands, sebaceous glands showed
markedly pronounced and equally distributed
staining for hurpin. Within hair follicles, hurpin
expression was most prominent in the inner root
sheath and gradually decreased over the Huxley
and Henle layers of the lower portion. In the
isthmus, hurpin expression was observed in the
outer root sheath. The infundibulum of hair fol-
licles also showed expression of hurpin. The
errector pili muscles in all sections demonstrated

strong and uniform expression of hurpin.
Intracellularly, hurpin was mainly localized in
the cytoplasm in ‘diffuse dense’ and ‘small gra-
nular’ staining pattern; however, some nucleo-
plasmic expression was also seen.

Immunohistochemical localization of hurpin and
Cat L in diseased skin

We investigated various inflammatory, prolifer-
ating and tumorigenic skin disorders for the
expression of both proteins. The skin diseases
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Figure 1. Expression of Cat L and hurpin in normal skin and
inflammatory dermatoses. Monoclonal antibodies against Cat L
(a, e, g, i) and hurpin (b, c, d, f, h, j) were used in immunohis-
tochemistry. In the epidermis of normal skin, we did not detect
any Cat L (a); in contrast, hurpin was mainly expressed in the
basal layer (b). Within the pilosebaceous unit of normal skin,
most prominent staining for hurpin was found in the inner root
sheath of hair follicles (HF) and in sebaceous glands (c). Hurpin
expression was detected in the secretory cells (sc) of the basal
coil and in ductal cells (dc) of eccrine sweat glands (d). The
highest expression of Cat L was found in the cytoplasm of
psoriasis (e) and atopic eczema samples (g), showing a ‘con-
densed granular’ staining in the lower spinous layers with less
expression in the granular and upper spinous layers. Hurpin was
found to be expressed strongly in the outermost layers of the
granular and upper spinous layers in psoriasis (f), with similar
expression in atopic eczema (h), lichen planus and lupus erythe-
matosus samples. In folliculitis, the expression of Cat L (i) and
hurpin (j) was found to be similar to other inflammatory der-
matoses. In HF, staining for Cat L and hurpin was observed
in the inner and outer root sheath. Original magnification �400
(a, b, d) and �100 (c, e, f, g, h, i, j).
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were grouped as chronic inflammatory derma-
toses, i.e. psoriasis, atopic eczema, lichen planus
and lupus erythematosus and neoplasias includ-
ing (i) seborrheic keratosis as a benign tumor,
(ii) actinic keratosis as carcinoma in situ and
(iii) cancers: SCC, basal cell carcinoma (BCC)
and malignant melanoma (MM). Additionally,
infectious folliculitis, a bacterial disease, as well
as secondary infected cutaneous lesions, such as
acne inversa, pyoderma gangrenosum and
chronic leg ulcers were studied for the expression
of Cat L and hurpin. For both proteins, interin-
dividual differences in the expression level were
observed without obvious correlation to the dis-
ease status.
In contrast to normal skin, Cat L expression

was detected in all studied diseases. In chronic
inflammatory dermatoses, Cat L was detected at
moderate-to-high level mainly in the lower spi-
nous layers with less expression in the granular
and upper spinous layers (Table 1). Interestingly,
Cat L was expressed approximately in two-thirds
of the samples of each disease. In all samples,
immunoreactivity was undetectable in the corni-
fied layer. Cat L was detected in the cytoplasm
mostly in a ‘small granular’, ‘condensed granular’
or somewhat ‘diffuse dense’ staining pattern, as
observed by others (27). In the dermis, eccrine
glands, endothelial cells of blood vessels, fibro-
blasts and infiltrating inflammatory cells, all
expressed Cat L at moderate-to-high levels. No

staining for Cat L was detected in sebaceous
glands and hair follicles.
Comparable with hurpin, the highest epidermal

expression of Cat L was found in psoriatic skin
(Fig. 1e) and atopic eczema (Fig. 1g) samples. In
one half of our psoriatic samples, Cat L showed a
‘condensed granular’ staining along the elon-
gated rete ridges, while in the remaining samples
the staining was ‘diffuse dense’. Whereas we did
not detect any Cat L expression in the epidermis
of lichen planus, the dermal band-like lympho-
histiocytic infiltrate and endothelial cells of blood
vessels were moderately immunoreactive (data
not shown).
Hurpin was found to be overexpressed and

redistributed in the inflammatory skin diseases
compared with normal skin. We did not find
any correlation in the expression of hurpin and
Cat L. Within chronic inflammatory dermatoses,
the highest immunoreactivity for hurpin was
found in psoriasis (Fig. 1f). Atopic eczema
(Fig. 1h), lichen planus and lupus erythematosus
showed a comparable staining (Table 1). In
agreement with our previous results (25), the dis-
tribution of hurpin in dermatoses differed from
that in normal skin in that the highest expression
was found in the outermost layers of the granular
and upper spinous layers. Moderate-to-weak
immunostaining was observed in the upper spi-
nous layers with individual positive keratinocytes
within the basal layer. In some samples, hurpin

Table 1 Expression of cathepsin (Cat) L and hurpin in the epidermis of normal and pathological skin samples. Six to eight samples from each disease were
analysed using immunohistochemistry. S., stratum; SCC, squamous cell carcinoma; BCC, basal cell carcinoma; MM, malignant melanoma. Intensity of staining was
reported as: ‘–’, not detectable; ‘�’, weak; ‘þ’, moderate; ‘þþ’, strong; and ‘þþþ’, very strong staining. Individual differences in the expression were observed
between samples

S. corneum S. granulosum S. spinosum S. basale

Cat L Hurpin Cat L Hurpin Cat L Hurpin Cat L Hurpin

Normal skin – – – � – � – þ
Inflammatory dermatoses
Psoriasis – � þ þþþ þþþ þþ þ þ
Atopic dermatitis – � – þ þþ/þ þþ/þ – þþ
Lichen planus – � – þþ – þþ – þ
Lupus erythematosus – þ – þþ þ þþ � þ

Neoplasias
Benign tumor
Seborrheic keratosis – � � þ – þ – þ

Carcinoma in situ
Actinic keratosis – þ � þ þ þþ � þ

Cancers
SCC – � – þþþ þþ þþ � þ
BCC – – – þþþ – þþ – þþ
MM – – – þþþ – þþ – þ

Other dermatoses
Folliculitis – � – þ þ þþ – þ

Acne inversa – – – þþ þ þþ þþ þþ/þ
Ulcus – – – þþ þ þþ – þ
Pyoderma gangrenosum – – � þþþ þ þþ – þ
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was detected in the outermost sheets of the cornified
layer (Table 1). Compared with normal skin, sebac-
eous and eccrine glands, hair follicles, endothelial
cells of blood vessels and infiltrating inflammatory
cells showed a more prominent staining.
We next investigated neoplasias for the expres-

sion of Cat L and hurpin, including benign
tumor, carcinoma in situ and cancers. In benign
seborrheic keratosis, Cat L showed weak immu-
nostaining in the granular layer and in the
acanthotic epithelial cells (Table 1). In the corres-
ponding sections, moderate hurpin expression
was found throughout all epidermal layers. In
half of the samples, hurpin was also detected in
the cornified layer and around the horn cysts.
In actinic keratosis, Cat L was weakly

expressed in the granular and basal layers except
for a stronger staining in the spinous layer
(Fig. 2a). In contrast, hurpin was strongly
expressed in the spinous layer and to a lesser
extent in the basal, granular and cornified layers.
We also studied malignant tumors, including

SCC, nodular BCC and MM. Interestingly, we
could not detect any epidermal expression of Cat
L in our BCC (not shown) and MM samples
(Fig. 3c). In contrast, we found Cat L expressed
at moderate levels in the spinous layer and
weakly in the basal layer in SCC (Table 1). Cat
L was expressed in individual malignant cells in
all samples of SCC (Fig. 2b), BCC (Figs 2c and
3a) and MM (Figs 2d and 3c) analysed, being

more frequent and abundant at the periphery of
the invading tumor margin. The decrease of
immunostaining was more apparent in the centre
of large tumors, especially in the nodular BCC
samples, being almost undetectable in some
cases. The infiltrates surrounding the tumors
revealed moderate immunoreactivity for Cat L.
The results obtained for hurpin expression were

comparable with the ones previously reported.
The highest expression of hurpin among cancers
was seen in the epidermis of SCC, if it was not
ulcerated, whereas in others, the expression was
comparable with normal epidermis. In SCC, the
strongest staining was observed in the outermost
part of the granular layer with moderate-to-weak
expression in the upper spinous and basal layers.
The cornified layer was positive only in some
samples of SCC. The individual tumor cells of
all cancers showed weak-to-moderate expression
of hurpin, being more distinct at the periphery of
the tumor (Fig. 3b, d).
Additionally, we analysed Cat L and hurpin

expression in bacterial and secondary infected
diseases, such as infectious folliculitis (Fig. 1i,j),
acne inversa, pyoderma gangrenosum and
chronic leg ulcers. The epidermal localization
and intensity of Cat L and hurpin was similar
to that seen in chronic inflammatory dermatoses
(Table 1). However, a significant difference in the

a b

dc

Figure 2. Cat L expression in tumor cells in actinic keratosis (a),
squamous cell carcinoma (SCC) (b), basal cell carcinoma (BCC)
(c) and malignant melanoma (MM) (d). Individual tumor cells of
actinic keratosis, SCC and BCC showed granular staining for Cat
L, while a more diffuse staining pattern was observed inMM. The
characteristic staining pattern possibly indicates different activa-
tion states of the protease. Original magnification �400.

a

c

b

d

Figure 3. Expression of Cat L (a, c) and hurpin (b, d) in neo-
plastic skin diseases basal cell carcinoma (BCC) (a, b) and
malignant melanoma (MM) (c, d). We did not detect any epi-
dermal expression of Cat L in samples of BCC (a, epidermis not
shown) and MM (c), while Cat L-positive cells in BCC were
found more frequently at the periphery of the tumor (a). Hurpin
was moderately expressed in the granular and upper spinous
layers of BCC (b) and MM (d) with more distinct immunostain-
ing of individual malignant cells at the periphery of the tumor.
Original magnification �100.
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expression of both proteins was found in the dermis
when compared with other diseases. Strong-to-
very-strong staining for Cat L and hurpin was
observed in fibroblasts, eccrine and sebaceous
glands, hair follicles, endothelial cells of blood ves-
sels and in infiltrating inflammatory cells.
In summary, we have analysed the epidermal

and dermal distribution of Cat L and hurpin in
numerous skin diseases compared with normal
skin. The most profound difference in Cat L
and hurpin expression was seen in normal skin.
While hurpin was confined mainly to the basal
layer, Cat L did not show any immunoreactivity.
Whereas we found hurpin to be expressed in all
normal and diseased skin samples analysed, Cat L
was detected only in two-thirds of the samples of a
given disease. The highest expression of Cat L in
chronic inflammatory dermatoses and neoplasias
was found in the psoriatic skin, atopic eczema and
SCC, with no profound differences between the
other diseases. Interestingly, we found hurpin to
be overexpressed and redistributed in diseased skin
compared with normal skin. The strongest immu-
nostaining for hurpin was found in psoriasis and
the SCC samples.

Discussion

Numerous processes in the skin are dependent on
a strictly controlled activity of proteinases.
Among several mechanisms of regulation, the
expression of corresponding protease inhibitor
is of great importance. In this study, we have
analysed the expression of Cat L and its inhibitor
hurpin in chronic inflammatory and neoplastic
skin diseases by IHC.
Whereas we were able to detect and localize

both Cat L and hurpin in diseased skin, we did
not find any detectable amounts of Cat L in
normal skin. On the basis of Cat L involvement
in activities essential for epidermal homeostasis,
e.g. protein turnover of cells, apoptosis and
matrix remodelling, we expected positive staining
in IHC. Two reports by other groups showed Cat
L to be expressed diffusely in all layers of the
epidermis (27,28). This might result from the fact
that the source of our normal skin sections is
tissue obtained from plastic surgery. In contrast,
Palungwachira et al. used samples, which were
taken from skin adjacent to nevi, possibly result-
ing in increased Cat L expression. Alternatively,
the use of different antibodies might influence the
experimental outcome. In both studies (27,28),
the same non-commercial antibody has been
used. Because our RT-PCR analysis showed the

expression of Cat L mRNA in normal and dis-
eases skin, we do believe that Cat L is present in
normal skin; however, the concentration is below
our detection limit. Western blot analysis revealed
that the most abundant form of Cat L in normal
skin was an inactive precursor, which, in psoriasis,
was processed to the active mature enzyme (27).
The monoclonal antibody against Cat L that was
used in our experiment recognizes both precursor
and mature forms of Cat L, as well as Cat
L/inhibitor complexes. Therefore, we are quite
confident that the expression of Cat L in our sam-
ples was in fact below a detectable level.
In line with our findings for Cat L, the tissue

plasminogen activator was undetectable in nor-
mal epidermis but expressed in psoriasis, pemphi-
gus, bullous pemphigoid and tumors (29,30). The
serine protease neuropsin (KLK8) showed only
weak signals in in situ hybridization in normal
skin, whereas the expression was increased in
psoriasis, seborrheic keratosis, lichen planus and
SCC samples (31).
In corresponding samples of normal skin, with

apparent lack of Cat L expression, hurpin was
mainly expressed at moderate levels in the basal
layer and to a lesser extent in the spinous and
granular layers of the epidermis. In line with
previous findings (26), hurpin was found to be
expressed in the cytoplasm, a characteristic
feature of serpins (32). Lack or very low level
expression of Cat L expression in the basal
layer of normal skin and simultaneous expression
of its inhibitor hurpin seems reasonable to com-
pletely block apoptosis-promoting activity of Cat
L in this layer containing mostly proliferating
cells. Besides hurpin, other proteins, e.g. SCCA1
(33), cystatin A (28), cystatin M/E (34) and
human proteoglycan testican-1 (35), were found
to potentially inhibit Cat L. In contrast to hur-
pin, SCCA1 did not show expression in the epi-
dermis of normal skin except the external root
sheath of selected hair follicles (33). Cystatin A
was found to be expressed in the cytoplasm of the
upper spinous and granular layers of normal skin
and seborrheic keratosis (28). Similarly, cystatin
M/E is constitutively expressed in the granular
layer and weakly in the spinous layers of normal
skin. Positive staining for this protein was also
seen in the infundibular epithelium of hair folli-
cles and in sebaceous glands (34). Some other
serpins, e.g. SCCAs, SCALP and PI-6, have
been localized in stratified squamous epithelia
with a concentration in the superficial, more dif-
ferentiated layers of normal and diseased skin
(36–39). One might speculate that selected inhib-
itors depending on the tissue localization regulate
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the activity of Cat L. Expression of hurpin in epi-
dermal layers with apparent lack of Cat L expres-
sionmight also indicate additional activities for the
inhibitor, e.g. inactivation of other proteases. It has
been shown for a number of ov-serpins in epithelial
cells, e.g. PI6, PI8, PI9,MNEI and the SCCAs, that
they are capable of inhibiting more than one
proteinase. This might suggest an important role
in the barrier function of the skin against microbial
or viral proteinases. Recently, SCCA2 was shown
to also inhibit the cysteine proteinase activity of a
major mite allergen, Der p 1 (40).
In contrast to normal skin, we detected Cat L in

two-thirds of our diseased skin samples with only
minor differences between individual diseases. A
variety of cellular functions have been described
for Cat L, including lysosomal protein degrada-
tion, hair development, antigen presentation and
matrix destruction. One might speculate that the
expression of Cat L is controlled by several fac-
tors, e.g. cytokines, growth factors, cell cycle or
apoptotic signals. In this regard, it seems likely
that a variety of factors, which possibly differ
between individuals, will also affect the Cat L
expression level. The strongest expression of Cat
L was observed in the spinous layer of psoriasis,
atopic eczema and SCC and in the basal layer in
samples of acne inversa. In all of these cases,
increased Cat L expression was accompanied by
more than average expression of hurpin.
Upregulated expression of Cat L in several layers
above the basal layer and in central areas of the
rete ridges in psoriasis has also been reported (27).
Comparable with hurpin, SCCA1 was moderately
expressed in normal skin and upregulated in psor-
iatic skin (38). However, in contrast to hurpin,
SCCA1 was detected mainly in the nuclei of gran-
ular and squamous cells of the rete ridges (38).
Several factors are believed to play a role in the

manifestation of the psoriatic skin phenotype.
Among others, increased proliferation (39),
deregulated differentiation and apoptosis (40)
are discussed as being possibly of importance.
One might speculate that altered expression of
Cat L and hurpin might contribute to the char-
acteristic epidermal architecture. However, the
role of both proteins in this context is not fully
understood. The role of Cat L with respect to
apoptosis is also still under investigation based
on differing results. Interestingly, Cat L knock-
out mice are characterized by epidermal hyper-
proliferation (7), whereas increased apoptosis
was found in thyrocytes of these animals (41).
Cat L is involved in numerous cellular processes,
and it is speculated that the influence on indivi-
dual activities, e.g. differentiation, proliferation

and apoptosis, might differ in dependence of the
tissue localization (41). Overexpression of hurpin
in lesional skin to inhibit Cat L activity in matrix
destruction or apoptosis (42) seems reasonable.
Decrease of apoptosis by overexpression of hur-
pin in the keratinocyte cell line HaCaT has been
reported (22). Increased expression of Cat L in
inflammatory skin diseases also seems to be of
physiological relevance based on the activity of
Cat L to convert the IL-8 precursor into the
active form (19), which stimulates neutrophiles
and T-lymphocytes to invade injured or inflamed
tissue. IL-8 was found to be upregulated in the
epidermis from psoriatic patients (43). Cat L
overexpression in psoriatic lesions observed in
our studies might be connected to the IL-8 upre-
gulation. Possibly, the concentration and/or local
distribution of active IL-8 are modulated by hur-
pin via Cat L regulation.
Among our skin cancer samples, only SCC

showed a moderate expression of Cat L in the
spinous layer and weak in the basal layer.
Interestingly, we found positive immunostaining
for Cat L in individual malignant cells of SCC,
BCC and MM being more frequent and abundant
at the periphery of the invading margin than in
adjacent normal tissues. Additionally, the staining
pattern differed between these cancers possibly
indicating different forms, e.g. precursor or
mature form of Cat L, as described by others
(27). Hurpin was found to be strongly expressed
in the granular layer of all different skin cancers
analysed here. In malignant cells of SCC, BCC
and MM, hurpin was moderately expressed
mainly in the periphery of the tumor. Our data
are in line with previous reports showing a similar
immunohistochemical staining pattern for another
serpin, maspin, in normal skin and usual cuta-
neous carcinomas (44). Comparable results
regarding the distribution of Cat L and the inhi-
bitor cystatin A in cancers were also reported (28).
Proteinases, based on their activity in matrix

remodelling, have been reported to be involved
in tumor invasion into the dermis and subsequent
formation of metastasis. On the basis of the clin-
ical observation that melanomas and SCCs tend
to more frequently metastasize compared with
BCCs, increased expression of Cat L observed
in our SCC samples seems to support previous
findings showing that the activity of Cat L (45)
and Cat K (46) in tumors might be of clinical
importance. The lack of Cat L expression
observed in the epidermis of melanoma samples
might point to a minor relevance of this protei-
nase in melanoma as discussed elsewhere (47). In
contrast to Cat B and Cat H, no significant
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correlation between the metastatic potential of
melanoma and the expression of Cat L and the
inhibitor cystatin C in the sera of melanoma
patients was found (47). In contrast, SCCA was
discussed as a tumor marker (48,49).
However, because Cat L activity was found to

be increased not only in malignant cells but also
in inflammatory diseases, e.g. psoriasis, and nor-
malized after complete clinical resolution (31),
overexpression of Cats might alternatively indi-
cate an increased metabolism, rather than being a
specific marker of malignancy (49). Current find-
ings show that additional functions of ov-serpins
include the regulation of cell growth or differen-
tiation, tumor cell invasiveness and angiogenesis
(50). According to our data, no correlation of
hurpin expression and the metastatic potential
of skin cancers were found allowing its use as a
diagnostic or prognostic tumor marker at pre-
sent. Further studies are needed to fully under-
stand the involvement in tumor behaviour.
In bacterial and secondary infected diseases, e.g.

infectious folliculitis, acne inversa, pyoderma
gangrenosum or chronic leg ulcers, Cat L and
hurpin were expressed in the epidermis compar-
able with chronic inflammatory diseases. A dis-
tinct overexpression was found in fibroblasts,
eccrine and sebaceous glands, hair follicles,
endothelial cells of blood vessels and infiltrating
inflammatory cells. Because the most prominent
staining of hurpin in eccrine sweat glands of dis-
eased skin was found towards the lumen of the
ducts, one might speculate that hurpin is secreted
by sweat glands possibly inactivating extrinsic
proteases. Cat L expression in these diseases
might be related to the matrix destruction accom-
panying inflammatory processes.
In conclusion, we examined the localization of

the proteinase Cat L and its inhibitor hurpin in
various inflammatory and neoplastic diseases by
IHC. The results reported here summarize for the
first time the expression of both proteins in a
broad spectrum of skin diseases. We detected
profound differences in Cat L and hurpin expres-
sion in normal skin, as well as in the epidermis of
skin cancers. At present, the biological functions
of Cat L and hurpin in the context of disease
development and progression are not completely
understood. Additional studies that might be of
clinical relevance will further elucidate the phy-
siological role of both important proteins.
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