macule, we do not consider PUVA to be a useful
treatment, as its effectiveness was minimal.

The facts, in most reported cases, that there were
no melanocytes, as in the first case in this study, and
that even though there was an area with regularly
distributed melanocytes in the second case, there was
also an area with no melanocytes in the same lesion,
suggest that the primary defect in this disorder is the
absence of melanocytes in the white macule. Howev-
er, melanocytes may be present and regularly distrib-
uted in a small area of a white macule of piebaldism.
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Plasmin-like Proteinase Associated with High Molecular Weight
Complexes in Blister Fluid of Bullous Pemphigoid
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Blister fluid from tense bullae of 10 patients with bul-
lous pemphigoid was investigated using a radial casein-
olysis assay and zymography. Proteolytic activity,
varying from 4.7 to 10 pg/ml, was found in 3 out of 10
patients, by using the caseinolysis assay. Zymography
revealed that a major part of this caseinolytic activity
co-migrated with plasmin standard. In addition, in the
zymography, proteolytically active high molecular
weight complexes were seen. This characteristic pat-
tern was seen in the zymography of both positive and
negative samples in the caseinolysis assay. These high
molecular weight complexes were not seen in the zymo-
graphy of the blister fluid of 2 patients with epidermo-
lysis bullosa or in the suction blister fluid of 3 healthy
control patients. These findings suggest that plasmin
is generated at some phase of the blister formation,
being possibly involved in the pathomechanism of bul-
lous pemphigoid. Key words: Proteolysis; Zymography;
Dermo-epidermal separation
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Several studies (1, 2) have suggested that the blister
formation in pemphigoid involves binding of the an-
tibodies to the bullous pemphigoid antigen in the
basement membrane which initiates complement ac-
tivation. This leads to production of several inflam-
matory mediators and migration of inflammatory
cells which release inflammatory mediators and pro-
teolytic enzymes. The ultimate result is a subepider-
mal blister. This proposed model contrasts with the-
ory of blister formation in pemphigus vulgaris, which
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occurs in a complement-independent manner,
through activation of plasminogen to plasmin (3).

The purpose of the present study was to investigate
the involvement of proteolysis and especially the role
of plasmin in the blister formation in bullous pemphi-
goid using radial caseinolysis assay and zymography.
The radial caseinolysis assay is a sensitive method for
detection of net proteolytic activity of the samples.
The proteinases in the sample can be identified by
zymography. Samples with no net proteolytic activity
can also be studied since, during the process, protein-
ases are separated from their inhibitors and can be
detected.

MATERIALS AND METHODS

Blister fluid from fresh tense bullae generated within 1-2
days in 10 patients with bullous pemphigoid was collected
with a syringe for analysis. The samples were centrifugated in
the cytocentrifuge for 10 min at 1000 rpm in order to study
the cellular content of the blister fluid. The cells were stained
using May-Griinwald and Giemsa stains. The blister fluid
was stored in —20°C until analysed.

Protease assays

Net proteolytic activity of the blister fluid was determined
using a modification of the radial caseinolysis procedure (4)
described in detail elsewhere (5). In the assay, briefly, 5 pl
specimens are added to wells in bovine milk casein-contain-
ing agarose using plasmin (25 casein units/mg; Kabi Diagnos-
tica, Stockholm) as standard. The diameters of the lytic zones
were recorded after incubation at 37°C for 48 h. The detec-
tion level of the assay is 0.1 pg/ml.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and zymography

Molecular weights of proteinases were determined using
SDS-PAGE on slab gels ad modum Laemmli (6) and by
zymography (7). The acrylamide concentration was 3.3 % in
the stacking gel and 5-16 % in the separating gel. The samples
dissolved in Laemmli’s sample buffer were analysed under
non-reducing conditions. After electrophoresis, the gels were
thoroughly washed in Triton X-100 detergent-containing
buffer and overlaid on casein—agarose indicator gel. The lytic
zones developed within 24-48 h of incubation at 37°C. To
determine the molecular size of proteinases commercially
available, low molecular weight protein markers (Pharmacia,
Uppsala, Sweden) and purified human plasmin (Kabi Diag-
nostica) were used.

RESULTS

Proteolytic activity was found in the blister fluid of 3
out of 10 patients with bullous pemphigoid. The pro-
teolytic activities in these three samples were 10, 5.5
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Fig. 1. Zymographic analysis of blister fluid of pemphigoid.
1-4, indicate different samples. Sample 1 showed proteolytic
activity in caseinolysis assay, but samples 2—4 were negative.
PL, Plasmin standard and T plasmin in tear fluid after ocular
challenge (used as a control). A major part of the proteinases
detected co-migrated with plasmin standard. All blister fluid
samples show the pattern of high molecular-weight protein-
ases. The molecular weights are expressed as kilodaltons
(kD).

and 4.7 ug/ml. No net proteolytic acitivity was found
in the other samples (the detection limit was 0.1
pg/ml of plasmin). Zymography revealed that the blis-
ter fluid of both patients with proteolytic activity and
patients with no net proteolytic activity in the casein-
olysis assay contained a proteinase co-migrating with
plasmin standard (Fig. 1). In addition there was high
molecular-weight  proteinase-containing material
which produced a characteristic pattern (Fig. 1).

The suction blister fluid of 3 healthy control pa-
tients showed no caseinolytic activity. Zymography of
these samples revealed a proteinase co-migrating with
plasmin standard, but no high molecular weight com-
plexes were seen. One blister fluid sample from 2
patients with epidermolysis bullosa showed a slight
proteolytic activity of 0.5 pg/ml in the caseinolysis
assay, but the other one was negative. Zymography
revealed that both samples contained a proteinase co-
migrating with the plasmin standard. However, no
high molecular weight complexes were detected.




DISCUSSION

The present study showed that the blister fluid of 3
out of 10 patients with bullous pemphigoid possessed
proteolytic activity, determined using a radial casein-
olysis assay. This is in agreement with a previous
observation that varying degrees of caseinolytic activ-
ity can be detected in bullous pemphigoid (8). A ma-
jor part of the caseinolytic activity in the present
study was due to plasmin-like proteinase, as revealed
by zymography. Plasmin-like proteinase was also
found in samples with no proteolytic activity in direct
caseinolysis assay. In these blister fluids, plasmin and
other proteinases were bound to inhibitors, giving
negative results in the caseinolysis assay. In the
SDS-PAGE preceding zymography, proteinases are
separated from their inhibitors and can be detected
even in samples with no net proteolytic activity. In all
pemphigoid samples, plasmin was found to be associ-
ated with high molecular weight proteinases or pro-
teinase aggregates. The nature and role of these high
molecular weight proteinases is still obscure. It is
possible that they represent complexes of plasmin and
inhibitors, or they may be complexes of plasmin and
some blister fluid components. It remains to be seen
whether the pattern they formed is characteristic of
pemphigoid. Such a pattern was not seen in the blister
fluid of epidermolysis bullosa. Nor was it detected in
the zymography of the suction blister fluid of 3 con-
trol persons, although a plasmin-like proteinase (ob-
viously derived from the blood) was found in these
samples.

The above findings suggest that the high molecular
weight proteinase complexes are produced locally
during the blister formation. Furthermore, since even
in some fully developed blisters, proteolytic activity
was still present, it is probable that plasmin detected

Short reports 529

in all samples is at least partly a result of local activa-
tion of plasminogen to plasmin and not only derived
from the blood during blister formations. It is possi-
ble that this plasmin may be involved in dermo-epi-
dermal separation in pemphigoid, as it is involved in
acantholysis in pemphigus vulgaris.
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