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SUMMARY

 

In bullous pemphigoid (BP), the binding of BP180-specific antibodies to their hemidesmosomal target
antigen is not sufficient for blister formation, but must be accompanied by the release of proteases.
Using plasminogen activator (PA) knock-out mice, the PA system has previously been shown to be a
prerequisite for blister formation in experimental murine BP. Here, we found elevated levels of plasmin
and tPA, but not of uPA, in blister fluid from BP patients (

 

n

 

 

 

=

 

 7) compared to blisters from patients with
toxic epidermal necrolysis (

 

n

 

 

 

=

 

 4) and suction blisters in healthy controls (

 

n

 

 

 

=

 

 7). Subsequently, we
addressed the question whether keratinocytes release PA in response to the binding of anti-BP180 anti-
bodies. Treatment of cultured normal human keratinocytes with BP IgG, but not with control IgG, led
to both increased protein and mRNA levels of tPA, but not of uPA, as determined by ELISA and RT-
PCR, respectively. The specificity of this finding was confirmed using BP180-deficient keratinocytes
from a patient with generalized atrophic benign epidermolysis bullosa, where no tPA release was
observed after stimulation with BP IgG. Our results show the elevated expression and release of tPA
from normal human keratinocytes upon stimulation with antibodies to human BP180. Keratinocytes, by
secreting tPA, may thus play an active role in blister formation of BP.
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INTRODUCTION

 

Bullous pemphigoid (BP) is a subepidermal blistering disease
characterized by tissue-bound and circulating antibodies to the
hemidesmosomal proteins BP180 and BP230 [1–4]. While BP230
is associated with the intracellular hemidesmosomal plaque [5],
BP180 is a transmembrane glycoprotein with a long extracellular
tail that spans the lamina lucida of the dermal-epidermal junction
[reviewed in 6]. The 16th noncollagenous (NC) domain of the
BP180 ectodomain is an antigenic site targeted by the majority of
BP sera [7–9]. The pathogenic relevance of anti-BP180 antibodies
has previously been demonstrated in various experimental mod-
els of BP [10–13]. In addition, titres of circulating anti-BP180
NC16A antibodies were shown to parallel disease activity in BP
patients [14]. In both human and experimental BP it was demon-
strated that the binding of autoantibodies alone is not sufficient
for blister formation but must be accompanied by the infiltration

of inflammatory cells and the subsequent release of proteinases.
Latter were thought to finally cause dermal-epidermal separation
[10,11,15–18].

Recently, the plasminogen activator (PA) system has been
shown to be pivotal for blister formation in experimental murine
BP [18]. There are two classes of PA, known as urokinase-type PA
(uPA) and tissue-type PA (tPA) that are products of different
genes and independently regulated [reviewed in 19]. Both uPA
and tPA are produced by normal human epidermal keratinocytes
(NHEK) [20]. uPA and tPA convert the ubiquitous zymogen plas-
minogen into the serine proteinase plasmin which has the capac-
ity to cleave many proteins, including extracellular matrix
proteins and matrix metalloproteinase precursors such as gelati-
nase B [19].

In this study, we initially assayed levels of plasmin, tPA, and
uPA in blister fluid of BP patients and found abnormally high lev-
els of plasmin and tPA. Subsequently, we investigated the hypoth-
esis that the binding of anti-BP180 antibodies to their cell surface
receptor mediates the release of uPA and tPA from cultured
NHEK. Indeed, we observed an up-regulation of tPA, but not of
uPA, at both protein and mRNA levels in response to the binding
of anti-BP180 antibodies.
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MATERIALS AND METHODS

 

Human and rabbit sera

 

Serum samples were obtained from 3 BP patients with linear
deposits of C3 and IgG at the dermal-epidermal junction by direct
immunofluorescence (IF) microscopy of perilesional skin before
treatment was initiated. By indirect IF microscopy on 1 

 

M

 

 NaCl-
separated human skin, IgG antibodies bound to the epidermal
side of the artificial split in all three IgG preparations (sera). In
patient BP-1, the titre was 5120 (2560), in patient BP-2 5120
(11280), and in patient BP-3, it was 2560 (640). By immunoblot-
ting of epidermal extracts [21], all patients’ sera exclusively
labelled BP180 and revealed no reactivity with BP230. Antibodies
reactive with BP180 were further specified by Western blot anal-
ysis of recombinant BP180 NC16A [8] where IgG preparations
recognized BP180 NC16A at dilutions of 1 : 60 000 (BP-1),
1 : 10 000 (BP-2), and 1 : 5000 (BP-3), respectively. Rabbit sera
594 [22], 8009, and 2296 [13] were generated against GST-
NC16A2-4 containing a 42 amino acid stretch of human BP180
NC16A. Normal human and preimmune rabbit sera were used as
controls.

 

Blister fluid

 

Blister fluid was taken from 7 BP patients with typical clinical, his-
tological and immunopathological features of BP. Patients with
toxic epidermal necrolysis (TEN, 

 

n

 

 

 

=

 

 4) revealed extensive epi-
dermal necrosis by histopathology and negative direct IF micros-
copy. In addition, suction blisters were raised on the flexor side of
the forearm in 7 healthy volunteers as described [23,24]. All
patients were in the acute phase of the disease and had not yet
been treated. Blister puncture was performed within the first 6 h
of blister formation. After centrifugation, blister fluid superna-
tants were stored at 

 

-

 

80

 

∞

 

C until used.

 

Recombinant proteins

 

GST-NC16A fusion proteins were expressed in 

 

Escherichia coli

 

strain DH5

 

a

 

 and purified by glutathione-agarose affinity-chroma-
tography; SDS-PAGE and immunoblotting were performed as
reported [8].

 

Keratinocyte culture

 

Normal human epidermal keratinocytes (NHEK) were isolated
from human neonatal foreskin and grown in tissue culture flasks
(Becton Dickinson Labware, Franklin Lakes, NJ, USA) in kerat-
inocyte growth medium (KGM; Clonetics, La Jolla, CA, USA)
containing 0·15 m

 

M

 

 Ca

 

2

 

+

 

 at 37

 

∞

 

C in a humidified atmosphere with
5% CO

 

2

 

 as described [25]. Feeder layers of lethally irradiated
fibroblasts were not used. Keratinocytes from a previously char-
acterized patient with generalized atrophic benign epidermolysis
bullosa (GABEB), that lack BP180 expression [26], were also
grown. For optimal growth, GABEB keratinocytes were kept in
collagen I-coated flasks (Becton Dickinson Labware) in equal
parts of KGM and keratinocyte-SFM (Gibco, Breda, the Nether-
lands) as reported [27].

 

Isolation of IgG

 

Total IgG was isolated from human and rabbit sera by Protein G
Sepharose 4 Flow affinity column chromatography (Pharmacia
AB, Uppsala, Sweden) as described [25]. Human BP180-specific
antibodies were affinity purified from BP-3 serum by the use of
the AminoLink Plus immobilization kit (Pierce, Rockford, IL,

USA) as reported previously [13]. In brief, recombinant GST
fusion protein NC16A2-4 (amino acids 507–562) was covalently
coupled to 4% beaded agarose matrix before incubation with BP-
3 serum or normal human serum. BP180 NC16A2-4-specific anti-
bodies were eluted with 0·1 

 

M

 

 glycine buffer, neutralized with
Tris-HCl, and shown to have preserved their reactivity with 1 

 

M

 

NaCl-split human skin. Both NC16A2-4-specific IgG and affinity
purified total IgG was washed, concentrated, and sterile filtered
as described [13,25]. The final protein concentration was deter-
mined by photometry at 280 nm and Bradford protein assay (Bio-
Rad, Hercules, CA, USA). tPA and uPA levels in IgG prepara-
tions were below the detection limit of the ELISAs.

 

Stimulation of keratinocytes

 

For stimulation experiments, the same number of keratinocytes
(between 10 000 and 15 000 cells/cm

 

2

 

) was added to each well of
the 24-well plates without collagen I coating (Becton Dickinson
Labware) and grown to 70–80% confluence in KGM. Since col-
lagen I-coating has previously been reported to modulate tPA
mRNA expression [28] GABEB keratinocytes were kept in 24-
well plates without collagen I-coating for at least 48 h before stim-
ulation experiments were initiated. Hydrocortisone was omitted
12 h prior to stimulation to exclude interference with PA produc-
tion [29]. In most experiments, keratinocytes were treated with
4 mg/ml purified human or rabbit IgG, an IgG concentration that
was previously identified as optimal for the release of IL-6 and IL-
8 from NHEK [25]. In some experiments, concentrations of 8 mg/
ml IgG were applied; BP180 NC16A-specific human IgG was
employed at a concentration of 1 mg/ml, all diluted in KGM with-
out hydrocortisone. In addition, GABEB keratinocytes were
stimulated with IL-1

 

b

 

 (1 ng/ml), TNF

 

a

 

 (40 ng/ml; both Biosource,
Fleurus, Belgium), and human serum (1 : 10; all diluted in KGM
without hydrocortisone), respectively, that are known to induce
tPA release in cultured keratinocytes [30,31]. To account for
potentially different cell numbers in individual wells due to dif-
ferent growth rates, each experiment was done in triplicate and
culture supernatants/cell extracts from 3 similarly treated wells
were pooled before subjected to ELISA or RNA isolation. In
addition, all experiments were performed at least twice using
keratinocytes from different donors.

 

Determination of plasmin

 

For the detection of plasmin, H-D-valyl-L-leucyl-L-lysine-L-p-
nitroanilide dihydrochloride S2251 (Chromogenix, Mölndal, Swe-
den) was used as chromogenic substrate as described [32]. Briefly,
100 

 

m

 

l of a 4 m

 

M

 

 substrate solution was added to 240 

 

m

 

l of assay
buffer (20 mm Hepes, 280 m

 

M

 

 NaCl, 2 mm MgCl

 

2

 

, 0·5 g/l Brij-100,
0·16% gelatine). Absorbance was read at 405 nm. The assay was
calibrated using known amounts of plasmin.

ELISA protocols tPA and uPA (both Biopool AB, Umea,
Sweden) were determined by ELISA according to the manufac-
turer’s instructions. Samples, negative controls (including
medium alone and PBS), and standards (1·5–30 ng/ml tPA and
0·16–4·0 ng/ml uPA) were assayed in quadruplicate. As further
negative control of the tPA ELISA, substrates were also tested
in normal goat IgG-coated wells; the resulting OD readings
were then subtracted from the OD readings obtained after
incubation of substrates with goat anti-human tPA IgG. The
detection limits of the assays were 1·5 ng/ml (tPA) and 0·1 ng/ml
(uPA).
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Quantification of tPA and uPA mRNA expression by RT-PCR

 

Total cytoplasmatic RNA was isolated from stimulated kerati-
nocytes using the RNeasy

 

®

 

 Mini Kit Easy (Quiagen, Hilden, Ger-
many) and reversed-transcribed using oligo(dT) provided by
SuperScript

 

®

 

 II (Life Technologies, Karlsruhe, Germany). The
resulting cDNA (5 

 

m

 

l) was used to amplify a segment of the t-PA
(234-base pair [bp]) and u-PA (276-bp) cDNA, by polymerase
chain reaction (PCR) using specific primers as described previ-
ously [33]. A glyceraldehyde phosphate dehydrogenase
(GADPH, internal control) was simultaneously amplified using
an upstream primer (5

 

¢

 

-CCACCCATGGCAAATTCCATG
GCA-3

 

¢

 

) identical to position 212–235 and a downstream primer
(5

 

¢

 

-TCTAGACGGCAGGTCAGGTCCACC-3

 

¢

 

) complementary
to position 786–809 of the human GAPDH mRNA. Amplification
was carried out in a Techne Thermal Cycler PHC-3 for 30 cycles.
PCR products were analysed on a 1·2% agarose-ethidium bro-
mide gel. The gels were photographed and the intensity of the
individual t-PA, u-PA and GADPH mRNA bands measured by
laser densitometric scanning, using a Molecular Dynamics Per-
sonal Densitometer. Changes in t-PA and u-PA mRNA levels
were expressed as a relative ratio of t-PA or u-PA mRNA/
GAPDH mRNA [34].

 

Statistics

 

For statistical analysis, the Mann–Whitney 

 

U

 

-test was applied.

 

Ethical approval

 

The ethical approval of the study was obtained by the local Ethic
Committee (No. 37/98).

 

RESULTS

 

Elevated levels of plasmin and tPA, but not of uPA, were detected
in blister fluid of BP patients compared to both suction blisters in
healthy controls and patients with toxic epidermal necrolysis
(TEN). Levels of plasmin, tPA, and uPA were analysed in blister
fluid of BP patients and compared to levels in suction blisters of
healthy controls and blisters of patients with TEN. In BP blisters,
plasmin levels were significantly higher compared to both suction
and TEN blisters (

 

P

 

 

 

<

 

 0·001); tPA could only be detected in BP,
but not in suction or TEN blisters. Levels of uPA in BP blisters
were significantly higher compared to levels in suction blisters but
not to those in TEN blisters (

 

P

 

 

 

=

 

 0·005 and 

 

P

 

 

 

=

 

 0·173) (Fig. 1).
IgG from BP patients induced a time-dependent secretion of

tPA from NHEK. Third passage NHEK were grown to 70–80%
confluence and stimulated with 4 mg/ml IgG generated from
patient BP-1 and a healthy control subject, respectively. After
incubation periods of 6 h, 9 h, and 12 h, significantly elevated
levels of tPA were detected in culture supernatants of NHEK
stimulated with BP IgG compared to stimulation with normal
IgG (

 

P

 

 

 

<

 

 0·01, 

 

P

 

 

 

<

 

 0·001, and 

 

P

 

 

 

<

 

 0·05, respectively). After 9 h,
tPA levels in supernatants reached a maximum (2·3-fold),
whereas after a 3 h and 24 h incubation time, no increase of tPA
concentrations were found compared to treatment with normal
human IgG (

 

P

 

 

 

=

 

 0·15 and 

 

P

 

 

 

=

 

 1·0, respectively) (Fig. 2a). In con-
trast, no elevated uPA secretion was observed under these con-
ditions (Fig. 2b). Similar data were obtained using IgG obtained
from R2296 and R8009 (data not shown). Subsequent experi-
ments were therefore performed using an incubation time of 9 h.
When NHEK were treated with 4 mg/ml affinity-purified IgG

 

Fig. 1.

 

Elevated levels of plasmin and tPA were present in blister fluid of patients with bullous pemphigoid compared to both suction
blisters in healthy controls and blisters of patients with toxic epidermal necrolysis. Blister fluid from patients with bullous pemphigoid (BP;

 

n

 

 

 

=

 

 7; 

 

�

 

), from suction blisters (SB) raised on the forearm of healthy volunteers (

 

n

 

 

 

=

 

 7; ), and from blisters in patients with toxic epidermal
necrolysis (TEN; 

 

n

 

 

 

=

 

 4; 

 

�

 

) were analysed for reactivity with (a) tPA, (b) uPA and (c) plasmin in duplicate by ELISA and chromogenic
assay, respectively. Bars show mean 

 

±

 

 SD (ng/ml for tPA and uPA, 

 

m

 

g/ml for plasmin levels). Asterisks indicate statistical significance
between levels in BP blister fluid compared to levels in both blister fluid of SB in healthy volunteers and of blisters in TEN patients
(*

 

P

 

 

 

<

 

 0·05, **

 

P

 

 

 

>

 

 0·01, ***

 

P
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from patients BP-1, BP-2, and BP-3, tPA levels were increased
by 2·7- to 3·0-fold compared to incubation with normal human
IgG (

 

P

 

 

 

<

 

 0·001). Again, uPA levels in the culture medium were
not elevated compared to treatment with normal human IgG
(Fig. 3).

The tPA release from NHEK, upon stimulation with BP IgG,
was mediated by antibodies to BP180. Keratinocytes from a
patient with GABEB, that lack BP180 expression, were grown to
70–80% confluence. After treatment with 4 mg/ml IgG affinity-
purified from our 3 BP patients, tPA levels in the culture super-
natant were not increased compared to incubation with normal
human IgG. In contrast, stimulation of GABEB cells with the
known PA stimulators IL-1

 

b

 

, TNF

 

a

 

, or diluted normal human
serum resulted in the release of high tPA levels into the culture
medium (Fig. 4).

Treatment of NHEK with BP180 NC16A-specific antibodies
resulted in increased levels of tPA, but not of uPA, at both pro-
tein and mRNA levels. When NHEK were incubated with R594
IgG for a period of 9 h, levels of tPA in the culture supernatant

were 3·1-fold higher compared to levels in supernatants of
NHEK treated with preimmune rabbit IgG. In contrast, under
these conditions, uPA levels were not increased (Fig. 5a). When,
after a 9 h incubation period, tPA and uPA mRNA levels were
analysed by RT-PCR, tPA mRNA levels were found to be
increased by 2-fold (

 

P

 

 

 

=

 

 0·03); when NHEK were treated with
8 mg/ml R594 IgG, this difference was 4·2-fold (

 

P

 

 

 

<

 

 0·001;
Fig. 5b). Similar to the protein data, uPA mRNA levels were not
elevated in R594 IgG-treated NHEK compared to NHEK incu-
bated with preimmune rabbit IgG (

 

P

 

 

 

=

 

 0·15 for 8 mg/ml IgG;

 

P

 

 

 

=

 

 0·89 for 4 mg/ml IgG; data not shown). Similar data were
obtained when R2296 and R8009 IgG and NHEK from a differ-
ent donor were used (data not shown). Furthermore, a 9 h incu-
bation of NHEK with 1 mg/ml human IgG that was affinity
purified against BP180 NC16A2-4 resulted in a tPA release of
26·8 

 

±

 

 1·0 ng/ml compared to 14·5 

 

±

 

 4·1 ng/m tPA secreted after
incubation of NHEK with IgG generated from serum of a
healthy volunteer (1·9-fold difference, 

 

P

 

 

 

<

 

 0·001, data not
shown). In contrast, no significantly different secretion of uPA

 

Fig. 2.

 

Cultured normal human epidermal keratinocytes (NHEK) released tPA, but not uPA, in a time-dependent fashion after incubation
with BP IgG. NHEK were incubated with 4 mg/ml IgG affinity-purified from the serum of a patient with bullous pemphigoid (BP-1 IgG;

 

�

 

), from a healthy control (normal IgG; ), and with medium alone (

 

�

 

), respectively. After incubation times of 3 h, 6 h, 9 h, 12 h, and
24 h, culture supernatants were analysed for (a) tPA and (b) uPA reactivity in quadruplicate by ELISA. Bars show mean 

 

±

 

 SD (ng/ml).
Asterisks indicate a statistically significant difference between BP IgG- and normal IgG-treated cells (*

 

P

 

 

 

<

 

 0·05, **

 

P

 

 

 

>

 

 0·01, ***

 

P

 

 

 

<

 

 0·001).
This pattern is representative of the pattern seen in 2 separate experiments with keratinocytes from different donors.
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was observed when NHEK were treated with 1 mg/ml BP180
NC16A2-4-specific human IgG for an incubation period of 9 h
(92·0 

 

±

 

 11·3 pg/ml) compared with incubation of NHEK with nor-
mal human IgG (102·4 

 

±

 

 2·7 pg/ml, 

 

P

 

 

 

=

 

 0·12, data not shown).

 

DISCUSSION

 

In BP, the binding of autoantibodies to their target antigens is not
sufficient to induce blisters, but must be accompanied by the acti-
vation of complement and the infiltration of inflammatory cells
into the skin. Particularly, the subsequent release of proteases has
been shown to be crucial for the blister formation [15–18]. Plas-
minogen activators have been implicated in the disease process of
BP by several lines of evidence: (i) elevated plasmin activity has
been found in the blister fluid of BP patients [35] (ii) tPA, but not
uPA expression, has been detected in lesional epidermis of BP
patients by immunohistochemistry, while uninvolved epidermis
or epidermis of healthy controls did not express tPA [36,37] (iii)
increased tPA, but not uPA activity, was found zymographically
compared to both noninvolved BP epidermis and epidermis of
healthy controls [38] (iv) elevated mRNA levels of tPA were
present in keratinocytes of BP lesions but not in keratinocytes of
uninvolved BP skin or skin of normal individuals [39], and (v) PA
knock-out mice are no longer susceptible for the blister-inducing
capacity of anti-BP180 antibodies in the experimental mouse
model of BP [18].

In the first set of our experiments, elevated levels of tPA, uPA,
and plasmin were detected in BP blisters compared to suction
blisters in healthy volunteers. In contrast, only levels of tPA and
plasmin, but not of uPA, were significantly increased in BP blis-
ters compared to blisters in TEN patients. TEN blisters were cho-
sen as an example for a noninfectious immunologically mediated
subepidermal blistering disease that is not associated with circu-
lating autoantibodies to the dermal-epidermal junction. These
data indicate that tPA and plasmin are present at the site of blister
formation and may be associated with the process of blister

 

Fig. 3. Cultured normal human epidermal keratinocytes (NHEK) released tPA but not uPA in response to IgG purified from the serum
of patients with bullous pemphigoid. Cultured NHEK were incubated with 4 mg/ml IgG from BP patients (BP-1, BP-2, BP-3; �), healthy
controls (normal human-1, normal human-2; ), and with medium alone (�) for 9 h. Levels of (a) tPA and (b) uPA in the culture
supernatants were analysed in quadruplicate by ELISA. Whereas tPA levels in response to BP IgG were about 3-fold higher compared to
treatment with normal human IgG, uPA levels, although about 10-fold higher than tPA levels, were not different between the 2 groups.
Bars indicate mean ± SD (ng/ml). Asterisks indicate a statistically significant difference between BP IgG- and normal IgG-treated cells
(P < 0·001). This pattern is representative of the pattern seen in 2 separate experiments with keratinocytes from different donors.
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Fig. 4. The tPA release from cultured human keratinocytes, upon incuba-
tion with BP IgG, was mediated by antibodies to BP180. BP180-deficient
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formation in BP. Since human keratinocytes produce both uPA
and tPA [20], we were then interested whether the PA system is
directly activated by the binding of anti-BP180 antibodies to their
cell-surface receptor. For this purpose, cultured normal human
epidermal keratinocytes (NHEK) were treated with IgG that had
been affinity-purified from the serum of BP patients or rabbits,
immunized against recombinant fragments of human BP180. In
this system, we had previously observed that autoantibodies
directed against the NC16A domain of BP180 lead to the expres-
sion and release of IL-6 and IL-8 [25].

When we treated NHEK with (i) BP patient total IgG (ii)
BP180 NC16A-specific IgG generated from rabbits, or (iii) BP180
NC16A2-4-specific IgG affinity purified from a BP patient,

elevated levels of tPA, but not of uPA, were detected in the cul-
ture supernatants. The specificity of this finding was demonstrated
when BP180-deficient GABEB keratinocytes were found unable
to secrete elevated tPA levels in response to anti-BP180 antibod-
ies although they released high amounts of tPA after treatment
with known inducers of tPA. PA levels detected in supernatants of
untreated cells reflect the physiological secretion of both tPA and
uPA by NHEK as previously described [20]. Interestingly, both
background levels of uPA, as observed by treating NHEK with
normal IgG or medium alone, and uPA levels in response to treat-
ment with BP IgG were much higher than levels of tPA. This find-
ing corresponds to the much greater expression of uPA in both
NHEK, cultured in low Ca++ medium, and normal human epider-
mis [20,37,39].

In a further experiment, the induction of tPA, but not uPA,
mRNA levels by BP180-specific antibodies in NHEK demon-
strated that the release of tPA, in response to anti-BP180 anti-
bodies, is at least in part due to a signal transducing event that
leads to an increased tPA synthesis. Since the release of protein-
ases has been attributed to inflammatory cells recruited into BP
lesions [10,11,15–18], our findings indicate a second, earlier event,
involving the release of keratinocyte-derived tPA within a few
hours after the binding of autoantibodies. Hence, keratinocytes
appear to play an active role in the blister forming process of BP.

Pemphigus vulgaris (PV) is another blistering autoimmune
disease characterized by intraepidermal blisters and autoantibod-
ies against two desmosomal components, desmoglein 1 and des-
moglein 3 [reviewed in 40,41]. Elevated mRNA levels and
increased activity of tPA have also been found in lesional epider-
mis of PV patients [38,39]. This shows that tPA secretion from
keratinocytes is not restricted to the binding of anti-BP180 anti-
bodies. In contrast to our findings in BP, however, elevated uPA,
but not tPA levels were detected in the culture supernatants of
NHEK in response to PV IgG [42]. Furthermore, in contrast to
experimental murine BP, PA knock-out mice are still susceptible
to the acantholytic effect of anti-desmoglein antibodies speaking
against a pathogenic relevance of the PA system in pemphigus
[43].

In summary, our data show high levels of tPA at the site of
blister formation in BP patients. The binding of anti-BP180 anti-
bodies to their cell-surface antigen was demonstrated to result in
an increased secretion of tPA, but not of uPA, from cultured
NHEK and to mediate a signal-transducing event that leads to
elevated tPA, but not uPA, mRNA levels in these cells. Our find-
ings suggest both an active role of keratinocytes and the involve-
ment of the PA system in blister formation of BP.
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