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Recently we described a new epidermal serine
proteinase inhibitor, skin-derived antileukopro-
teinase (SKALP), also known as elafin. SKALPI
elafin was found to be absent in normal human
epidermis, but can be induced in vitroand in vivo
under hyperproliferative conditions. Here we
studied the expression ofSKALP/elafin in several
types ofepidermal tumors (basal ceU carcinoma,
squamous ceU carcinoma, Bowen's disease, ac-
tinic keratosis, and keratoacanthoma). Using im-
munohistochemical staining SKALP/elafin ap-
peared to be differentialy expressed in these
tumors. Functional measurements of anti-
proteinase activity, and Western blotting oftumor
extracts confirmed ourfindings at the histologi-
cal leveL In weU differentiated squamous ceU car-
cinoma, SKALP/elafin messenger RNA was
demonstrated by non-radioactive in situ hybrid-
ization. We conclude that SKAlP/elafin is a
markerfor abnormal or disturbed squamous dif-
ferentiation. Apossible role ofSKALP/elafin in the
control oftumor ceU invasion is discussed. (Am
J Pathol 1993, 143:1679-1687)

Deregulation of gene expression may cause tran-
scription of oncogenes or loss of action of growth sup-
pressor genes, leading to abnormal growth of tumor
cells. However, in addition to disturbed growth con-
trol, also invasion and metastasis are features of ma-
lignant behavior. Several proteinases such as plas-
minogen activators, cathepsins, and metallopro-
teinases, as well as the inhibitors of these enzymes,
have been reported to be associated with tumor in-
vasion and metastasis.1-9 Expression of proteinases

is thought to promote the migrational capacity of cells;
specific inhibitors of these proteinases counteract
this process. Hence, the term metastasis suppressor
proteins has been coined for these inhibitors.10'11

Recently we described a new serine proteinase in-
hibitor (skin-derived antileukoproteinase, SKALP),
which is expressed in lesional psoriatic epidermis
and in epidermis after injury, but is absent in normal
epidermis.12,13 Initially, SKALP was shown to be a low
molecular weight, cationic, heat-stable protein that
was similar to elafin, an epidermal proteinase inhibitor
described by others.14 We have recently cloned and
sequenced the cyclic DNA of SKALP, which proved
SKALP and elafin to be identical, and which showed
that SKALP/elafin as expressed in cultured epidermal
keratinocytes is translated as a 12.3-kd protein.15
Cleavage of the signal peptide yields a 9.9-kd protein
that is the major form found in cultured cells, as was
confirmed by purification and N-terminal amino acid
sequencing.15 Elastase-specific inhibitors from bron-
chial secretions with molecular weights of 10 kd, 5 kd,
and 2.5 kd as reported by Hochstrasser, Kramps, and
Sallenave, respectively, 16-18 are biological active
fragments of the same larger precursor molecule.19
SKALP/elafin inhibits at least three serine proteinases
derived from polymorphonuclear leukocytes (PMN),
namely human leukocyte elastase, porcine pancre-
atic elastase, and human leukocyte proteinase
3 12,13,20

Recently we could assign the chromosomal local-
ization of the SKALP gene to chromosome 20, band
q12-13.21 The gene has been given the approved
name of Protease Inhibitor, skin derived (SKALP),
symbol: P13, in the Genome Data Base of the HUGO
nomenclature committee.
The exact biological function of SKALP/elafin is not

known at present, although the substrate specificity
for polymorphonuclear cell-derived, elastolytic pro-
teinases suggests that SKALP/elafin is involved in
regulation of cutaneous inflammation, or protection
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against polymorphonuclear cell-dependent tissue
damage. However, it is very likely that other target
enzymes (eg, from the keratinocytes or dermal fibro-
blasts) exist; hence other functions cannot be ex-
cluded.

Because the expression of SKALP/elafin appears
not to be associated with the differentiation program
of normal epidermis but is found in differentiating cells
in the context of the hyperproliferative differentiation
program (eg, psoriasis and wound healing), we in-
vestigated its expression in a number of epidermal
tumors that are characterized by abnormal differen-
tiation. The data clearly show that SKALP/elafin is dif-
ferentially expressed in these tumors.

Materials and Methods
Chemicals

Methoxysuccinyl-alanyl-alanyl-prolyl-valyl-7-amino-
4-methyl coumarin, was obtained from Bachem,
Bubendorf, Switzerland. Cetyltrimethylammonium-
bromide was obtained from ICI, UK. All reagents for
sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) including prestained markers
were obtained from Bio-Rad Laboratories, Richmond,
CA. Polybuffer exchanger 118, a Superdex 75 fast
protein liquid chromatography column, a Superdex
75 PC 3.2/30 column, and a SMART chromatography
system were obtained from Pharmacia, Uppsala,
Sweden. Polyvinylidenedifluoride membrane was
from Millipore, Etten-Leur, the Netherlands. Low mo-
lecular weight markers used for SDS gels, goat anti-
rabbit IgG biotin conjugate, avidin-alkaline phospha-
tase, 5-bromo-4-chloro-3-indolyl phosphate, and ni-
troblue tetrazolium were obtained from Sigma Chemi-
cals, St. Louis, MO. Calibration proteins used in chro-
matography were obtained from Boehringer Mann-
heim GmbH, Mannheim, Germany. Recombinant
elafin was a gift from Dr. Norman Russell, ICI Phar-
maceuticals, United Kingdom.

Tumors

Material used for histology was selected from ar-
chive biopsy material sent for routine analysis. The
specimens had been fixed in buffered 4% formalin
for at least 24 hours, and had been embedded in
paraffin. Seven basal cell carcinomas, seven squa-
mous cell carcinomas, three Bowen's diseases,
seven actinic keratoses, and seven keratoacantho-
mas were selected. The tissue was cut in 5-p sec-
tions, using a Reichert Jung rotation microtome
(Leica, Rijswijk, The Netherlands), and mounted on

slides, which were coated with 3-aminopropyltrieth-
oxysilane. Sections were dried 48 hours at 37 C.
Some of the sections were used for in situ hybrid-
ization experiments as well.
A limited amount of fresh tumor material was

available for extraction and was used for functional
measurements and Western blotting (two basal cell
carcinomas, two keratoacanthomas and one squa-
mous cell carcinoma).

Construction of plasmid and synthesis of
RNA probes

A 0.42-kb Pvull/EcoRl fragment of pGESKA (15),
containing almost complete SKALP/elafin comple-
mentary DNA was cloned into the plasmid pGEM4
(Promega, Madison, WI). Sense and anti-sense
complementary RNA probes were prepared. Briefly,
after linearizing the construct with either BamHl or
Kpnl, the anti-sense and sense cRNAs were tran-
scribed in vitro using digoxigenin-labeled UTP, T7,
and SP6 RNA polymerase, respectively, according
to the manufacturer's instructions (Boehringer). The
cRNAs were fragmented with limited alkaline hydro-
lysis to reduce the size of the synthesized RNAs to
approximately 0.2 kb.22

In Situ hybridization

Nonradioactive in situ hybridization was, with some
modifications, performed as described by Yokouchi
et al.23 Sections were deparaffinized with xylene, re-
hydrated using solutions of diminishing ethanol con-
centrations (99.8 to 50%), and finally rinsed in
phosphate-buffered saline (PBS). Sections were
then treated with 0.01% Triton X-1 00 for 1.5 minutes,
rinsed with PBS, incubated with pepsin 1 mg/ml in
0.2 N HCI for 15 minutes at 37 C, and again rinsed
with PBS. Thereafter postfixation with 4% paraform-
aldehyde in distilled water was performed. After
acetylation with 0.1 M triethylamine, pH 8.0, and
0.25% acetic anhydride for 10 minutes, sections
were rinsed with PBS and dehydrated with increas-
ing concentration of ethanol (50 to 99.8%).
The hybridization mixture consisted of 50% for-

mamide, 2X standard sodium citrate (SSC), 10%
dextransulfate, 5X Denhard's solution (0.1% bovine
serum albumin, 0.1% polyvinylpyrrolidone, 0.1% Fi-
coll 400), 10 mM dithiothreitol, 1 mg/ml Escherichia
coli transfer RNA, and 4 pg/ml probe. After over-
night hybridization at 37 C, the sections were
washed twice for 45 minutes at 37 C in 2X SSC and
1X SSC, respectively, incubated for 20 minutes at
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room temperature with 20 pg/ml DNase-free RNase
A, (Boehringer) and 50 mM NaCI in Tris EDTA. A
second wash step with 1X SSC was carried out for
30 minutes at room temperature.

Hybridization signals were detected by an

enzyme-linked immunoassay using a nucleic acid
detection kit as suggested by the manufacturer
(Boehringer).

Isolation and purification of SKALP/elafin

Skin-derived antileukoproteinase/elafin was isolated
both from psoriatic scales and from cultured human
keratinocytes as described before.12'13 In short,
psoriatic scales were homogenized in distilled wa-

ter, yielding a suspension that was boiled and cen-

trifuged, followed by chloroform extraction and cen-

trifugation. After concentration, the preparation was

further purified by chromatofocusing (PBE 118 col-
umn, triethylamine buffer) and affinity chromatogra-
phy (porcine pancreatic elastase coupled to cyano-

gen bromide-activated Sepharose 4B, phosphate-
buffered saline (PBS) washing buffer, and 0.1 M
acetic acid eluting buffer). Final purification was by
gel permeation chromatography on a Superdex-75
fast protein liquid chromatography column. Extracts
of cultured keratinocytes were prepared by sonica-
tion of the cells in distilled water and subjected to
the SMART chromatography system (Superdex 75
PC 3.2/30 column). Anti-elastase activity in obtained
fractions was measured; relevant fractions were

pooled and vacuum evaporated to dryness, dis-
solved in nonreducing SDS-sample buffer and used
for SDS-PAGE.

Anti-SKALPIelafin serum

Skin-derived antileukoproteinase/elafin purified from
psoriatic scales or recombinant elafin was used for
immunization procedures as described before.13 In
short, a rabbit was immunized intracutaneously with
highly purified SKALP/elafin that was partially cross-

linked with glutaraldehyde and emulsified in Fre-
und's complete adjuvant. A booster with the same

preparation was given after 2 weeks, and 4 weeks
later serum was collected via standard methods.
Control (preimmune) serum was drawn before the
immunization procedure. The specificity of the anti-
serum was validated on Western blots and in func-
tional assays which showed 1) that the elastase-
inhibiting activity could be absorbed by the
antiserum and 2) that the band stained on a West-
ern blot corresponded with a band of anti-elastase

activity eluted from the SDS-PAGE gel as shown be-
fore.13 The two antisera yielded identical staining
patterns both in immunohistology and Western blot-
ting.

Immunohistology

Before staining, sections were deparaffinized with
xylene, rehydrated using solutions of diminishing
ethanol concentrations (99.8 to 50%) and finally
rinsed in PBS. Thereupon, sections were preincu-
bated with normal swine serum 20% for 15 minutes,
and incubated with a polyclonal rabbit antiserum
against SKALP/elafin at a dilution of 1/100 in PBS
with 1% bovine serum albumin for 60 minutes. After
washing in PBS, sections were incubated with per-
oxidase conjugated swine anti-rabbit immunoglobu-
lin at a dilution of 1/50 in PBS with 1% bovine serum
albumin and 5% human AB serum. Subsequently,
sections were washed in PBS and Na-acetate buffer
and developed with aminoethylcarbazole as the
chromogenic substrate (incubation period, 10 min-
utes). Finally, sections were washed in distilled wa-
ter, counterstained with hematoxylin and eosin,
washed again, dried, and embedded in glycerol-
gelatin solution.

Control staining was performed as indicated
above, with polyclonal rabbit anti-SKALP/elafin se-
rum substituted by preimmune serum of the same
animal.

SDS-PAGE and Western blotting

Three types of tumors were studied (basal cell car-
cinoma, squamous cell carcinoma, and keratoacan-
thoma). Tumor tissue (average weight approxi-
mately 110 mg) was homogenized in distilled water
with the help of a glass-glass grinder, whereafter
the homogenate was centrifuged for 10 minutes at
12,000 revolutions per minute. Anti-elastase activity
of the supernatant was assayed as described be-
fore.12'24 The clear supernatant was vacuum evapo-
rated to dryness, and subsequently dissolved in
500 pl nonreducing SDS-sample buffer; 5 pl of this
preparation was subjected to SDS-PAGE. As a ref-
erence, samples of recombinant elafin, psoriatic
scale extract, and partially purified SKALP/elafin of
cultured keratinocytes were used in the same run of
electrophoresis. Proteins were separated on a 16%
polyacrylamide gel, using tricine as a trailing ion
instead of tris(hydroxymethyl)aminomethane-gly-
cine.25 Gels were blotted on polyvinylidenedifluo-
ride membranes, and immunological detection of
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proteins was performed using biotinylated goat anti-
rabbit immunoglobulin G, avidin-conjugated alka-
line phosphatase, 5-bromo-4-chloro-3-indolyl phos-
phate, and nitroblue tetrazolium. Both a polyclonal
rabbit antiserum raised against highly purified
SKALP/elafin from psoriatic scales and a rabbit an-
tiserum against recombinant elafin were used.

Microphotography

Microphotographs were taken with a Leitz photomi-
croscope and a Zeiss Axiophot, Wetziar and
Oberkochen/Wurttemberg, Germany, respectively,
using black-and-white negative film Agfapan APX
25 from Agfa-Gevaert AG, Leverkusen, Germany.

Results

Immunohistology

In basal cell carcinoma, all tumor cells with a typical
basaloid phenotype were negative with respect to
SKALP/elafin expression. Cells of the granular layer
in epidermis overlying the tumor were positive in
some cases. The epidermis of distant normal skin
did not show any SKALP/elafin expression at all (not
shown).

In squamous cell carcinoma, SKALP/elafin ex-
pression varied both between tumors and within the
individual tumors. However, most tumors and tumor

cell nests that had a clear squamous phenotype
were strongly positive as shown in Figure 1. In air
specimens basal cells were negative. SKALP/elafin
expression was seen from the suprabasal cells up-
ward, with the strongest staining in the cells just un-
derneath the layer of the cornified envelopes,
namely, in the stratum granulosum and the most su-
perficial layers of the stratum spinosum.

In Bowen's disease we found that the tumor cells
showed a weak cytoplasmic staining, which was
less pronounced than in the well differentiated
squamous cell carcinomas (not shown).

All biopsies from actinic keratoses were positive,
with a variation both in intensity of SKALP/elafin ex-
pression and in the number of cell layers that were
stained (two to eight layers, basal cells were nega-
tive; an example of an actinic keratosis with only
one to two positive layers of keratinocytes is shown
in Figure 2.

Keratoacanthomas were strongly positive for
SKALP/elafin as shown in Figure 3. The staining
pattern was comparable with that of the other tu-
mors, ie, the suprabasal layers were stained, and
staining was most pronounced in the cell layer just
below cornified envelope formation.

Staining of the stratum corneum in all positive tu-
mors was inconsistent, varying both in intensity and
distribution pattern from strong to nearly absent,
and from continuous to patchy.

Figure 1. Immunohistology of squamous cell carcinoma, staining was performed with anti-SKALP/elafin antibody. (a) Cell nests with a clear
squamous phenotype are strongly positive. Overlying epidermis is negative. Magnification: x 125. (b) Detail. SKALP/elafin staining is most distinct
in cells with a granular cell morphology. Magnification: X313.
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Figure 2. Immunohistology of actinic keratosis.
Variation in intensity of SKALP/elafin staining
and in the number of stained cell layers as
well, was observed. Here SKALPIelafin staining
is limited to one or two layers ofgranular cells,
just beneath ridges of thickened stratum cor-
neum. Magnification: X 125.

Figure 3. Immunohistology ofkeratoacanthoma. (a) Strong SKALPIelafin staining is seen in multiple layers of well differentiated suprabasal cells.
Magnification: X 125. (b) Detail. Note the polarized distribution ofSKALP/elafin-staining pattern close to the upper cell membrane, in the direction
of increasing differentiation, possibly because of cross-linking to the cornified envelope by transglutaminase. Magnification: X313.

In situ hybridization

Using cRNA probes, sections of a well differentiated
squamous cell carcinoma, which showed high ex-

pression of SKALP/elafin using immunohistochemis-
try, were studied for the presence of SKALP/elafin
messenger RNA. In general, mRNA expression co-

localized with expression of SKALP/elafin at the pro-

tein level as shown on serial sections (Figure 4).
Sense cRNA probes, used as controls, were com-

pletely negative.

Functional measurements and Western
blotting

Using a sensitive microassay (12,24), both squa-
mous cell carcinoma and keratoacanthoma showed
inhibitory activity against human leukocyte elastase,
whereas basal cell carcinoma was negative. Squa-
mous cell carcinoma contained an anti-elastase ac-
tivity of 2.3 U/mg tissue, anti-elastase activity of
keratoacanthoma was 167 U/mg tissue, and in
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Figure 4. In situ hybridization and immunohistology on serial sections of a well differentiated squamous cell carcinoma. Using antisense cRNA
probes, SKALP/elafin messenger RNA is shown (a), and immunostaining demonstrates presence of SKALP/elafin protein (b). Note that the expres-
sion at the mRNA level roughly coincides with the expression at the protein level; eg, see the region indicated by the arrows. Magnification: X 100.

basal cell carcinoma no inhibitory activity was mea-
sured. Western blotting showed SKALP/elafin ex-
pression both in squamous cell carcinoma and in
keratoacanthoma, but not in basal cell carcinoma
(Figure 5). Interestingly, there were clear differences
in staining patterns between the tumors. Keratoac-
anthoma showed one clear band with an apparent
molecular weight of 13.6 kd. In contrast, squamous
cell carcinoma showed four different bands with ap-
parent molecular weights of 15.7 kd, 15.0 kd, 13.8
kd, and 12.4 kd. Basal carcinoma was negative.
SKALP/elafin from cultured keratinocytes (apparent
molecular weight about 16 kd), recombinant elafin
(apparent approximate molecular weight 11 kd),
and psoriatic scale extract were used as positive
controls and as a reference range for the various
forms of SKALP/elafin that are known to exist.12'13

Discussion
In this study we have demonstrated that the re-
cently discovered serine proteinase inhibitor
SKALP/elafin is differentially expressed in human
epidermal tumors. On immunohistology, the cyto-
plasmatic staining was mostly limited to the upper
differentiating layers of the tumors. Basal layers
were completely negative, which is in accordance
with previous findings in psoriatic epidermis and in
a model for wound healing.2627 Basal cell carcino-
mas were negative as well. In situ hybridization of

Figure 5. Western blot of human skin tumor extracts stained with a
polyclonal anti-SKALP/elafin serum. In lane five distinct bands were
stained in a squamous cell carcinoma extract. In lane 6, only a
single band is seen in an extract from keratoacanthoma. Lane 7
shows the absence ofSKALP/elafin staining in a basal cell carcinoma
extract. Partially purified SKALP/elafin of cultured keratinocytes, re-
combinant elafin, and psoriatic scale extract have been used as ref-
erence samples, and staining is shown in lanes 1, 2, and 4, respec-
tively. Molecular weight markers (kilodaltons) are shown in lanes 3
and 8.

well differentiated squamous cell carcinoma
showed presence of messenger RNA in the same
regions where SKALP/elafin protein is demonstrated
by immunostaining.
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Previous studies showed that SKALP/elafin exists
in multiple forms.12-14 In material from psoriatic pa-
tients a consistent pattern of two major bands
emerges. As shown in Figure 5, in squamous cell
carcinoma and keratoacanthoma different forms of
SKALP/elafin are found. Because only a limited
number of fresh tumors was available to us, it is not
clear whether these patterns are specific for a type
of tumor. The antisera used in this study were poly-
clonal rabbit antisera against recombinant elafin or
SKALP/elafin purified from psoriatic scales. These
sera yielded identical staining patterns on Western
blots and in immunohistology. Both sera were raised
against SKALP/elafin fragments that contained the
anti-proteinase activity, which is located in the
C-terminal half of the mature SKALP/elafin mol-
ecule. Because the different forms of SKALP/elafin
are generated by various N-terminal deletions, all
these cleavage products are recognized by these
antisera. As can be seen in Figure 5, the apparent
molecular weights of SKALP/elafin obtained on
SDS-PAGE significantly deviate from the calculated
molecular weights (as mentioned above). This is
probably caused by the strong cationic nature of
the molecule (isoelectric point = 9.6) which causes
a slower migration in this electrophoresis system.

At present there are no conclusive data on the
biological significance of SKALP/elafin in human
skin. However, previous studies suggest that the ex-
pression of SKALP/elafin in vivo is linked to inflam-
matory processes. We have shown that SKALP/
elafin-activity is found in epidermis from
inflammatory skin diseases and that it is absent in
normal skin and in non-inflammatory skin dis-
eases.28 Recently we have found that SKALP/elafin
is secreted in the urine of psoriatic patients and that
the levels found roughly correlate with the severity
of the disease.29 In addition we have found that
SKALP/elafin can be induced in normal human skin
as a result of standardized injury by tape stripp-
ing.1227 These findings show that SKALP/elafin is
induced in human skin under inflammatory condi-
tions, which suggests (but not proves) that SKALP/
elafin could act as a negative feedback on the in-
flammatory response. Whether this would be at the
level of interference with migration of polymorpho-
nuclear cells/monocytes or as a protective mecha-
nism against tissue damage remains to be investi-
gated.

Apart from this teleological interpretation, SKALP/
elafin expression can also be regarded as part of
the regenerative/hyperproliferative differentiation
program of human epidermis as seen in psoriasis
and wound healing. The normal differentiation pro-

gram includes the expression of keratin 1 and 10,
the absence of keratin 6 and 16 in the suprabasal
layers, and expression of differentiation-related
proteins (eg, filaggrin, involucrin, transglutaminase)
exclusively in the stratum granulosum.30 The
differentiation program of the regenerative/hyper-
proliferative type is characterized by the induction
of keratin 6 and 16, down-regulation of keratin 10,
premature expression of differentiation-related pro-
teins and, as we have shown, the induction of
SKALP/elafin. Within the context of this differentia-
tion program, SKALP/elafin could function as an in-
hibitor of proteinases from inflammatory cells or
could, speculatively, be directed to keratinocyte-
derived proteinases to control other, hitherto un-
known processes. Evidence that SKALP/elafin ex-
pression is coupled to the regenerative/
hyperproliferative phenotype is further supported by
the notion that cultured keratinocytes, which are
also negative for keratins 1/10 and positive for ker-
atins 6/16, produce large amounts of SKALP/ela-
fin. 12,15

In this study we demonstrate that SKALP/elafin
expression is high in tumors with a clear squamous
phenotype, and is absent in poorly differentiated
squamous cell carcinomas and in basal cell carci-
nomas. Tumor cells display disturbed differentiation
programs that are distinct from the differentiation
programs mentioned above. Speculatively, loss of
expression of anti-proteinase activity could promote
tumor cell migration, invasive growth, or induce de-
tachment of tumor cells. This could be caused ei-
ther by proteinase activity from the tumor cells or by
proteinases derived from neighboring cells (stroma,
inflammatory cells). The finding in the present study
that SKALP/elafin expression is low or absent in the
tumors that are able to invade the dermal connec-
tive tissue is in line with this hypothesis.

In general, little is known with respect to the role
of other proteinases and proteinase inhibitors in nor-
mal human skin. It has been suggested that cathep-
sin D is involved in transglutaminase processing.31
Both urokinase-type plasminogen activator and its
inhibitor, plasminogen activator inhibitor were dem-
onstrated in human epidermis,32 34 and are sup-
posed to be involved in keratinocyte migration.35'36
Expression levels of proteinases and proteinase in-
hibitors have been reported to correlate with tumor
proliferation, tissue invasion, and tissue destruction.
The resulting tissue destruction would be caused
by a local imbalance between proteinases and
their inhibitors.7 37-42 Recently the presence of
urokinase-type plasminogen activator in squamous
cell carcinoma and the absence in basal cell carci-
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noma was described, with the interesting finding
that those squamous cell carcinomas that were
lacking urokinase-type plasminogen activator were
histologically well differentiated tumors.34'43

Because not a single factor but cascades and
combinations of different events are important in
carcinogenesis, it is interesting to speculate on a
possible role of SKALP/elafin in this process.
SKALP/elafin may interfere with elastolytic activity
that tumor cells need to penetrate the dermal tissue
either directly by inhibiting elastase44'45 or indirectly
through interference with an elastase-dependent
pathway of plasminogen activation.46 In addition,
SKALP/elafin might inhibit unknown proteinases and
interfere with proteolysis in an elastase-independent
way. Therefore, within the spectrum of keratoacan-
thoma, actinic keratoses, and squamous cell carci-
nomas with varying degrees of differentiation, a pro-
gressive loss of SKALP/elafin expression could
facilitate invasive growth. To date, a correlation be-
tween tumor aggressiveness and the expression of
lytic enzymes such as heparanases, plasminogen
activators, cathepsins, and metalloproteinases has
been described (for review see references 7 and
47). Furthermore, it has been shown that inhibitors
of metalloproteinases or inhibitors of serineprotein-
ases can block tumor cell invasion.1 48,49 Most likely
a panel of different enzymes and inhibitors will de-
termine the migrational behavior of tumor cells, and
SKALP/elafin might be part of this panel.
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