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Absitract. Following briet exposure of cryostat sections of
human skin to the action of proteolytic enzymes (papain
or trypsin). therc was a pronounced increase in the anti-
body binding sites of the basement membrane zone.
shown in indirect immunofluorescence by an increased
intensity in fluorescence of the basement membrane zone
as compared with preparations which had not previously
undergone incubation. and by an increase of 5-6 (papain)
or 4-5 (trypsin) titre dilution steps. This effect was practi-
cally absent when guinca-pig tongue was used as the anti-
genic substrate. In conjunction with findings published in
the literature. our results can be interpreted as indicating
that the activation of the basement membrane zone anti-
gens by proteolytic enzymes is associated with an increase
in antigenicity which results in the formation of ““auto-
antibodies™ of the basement membrane zone antibody
type.
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In contrast to the numerous studies on the signifi-
cance in pathological mechanisms of basement
membrane zone antibodies in bullous pemphigoid
(4. 9. 13), nothing is known about the antigens lo-
cated in the basement
epidermis. We have attempted. in a series of experi-
ments begun recently. to define more clearly the
sessile antigens located in the basement membrane
zone of the human skin. Since. in the view of some
authors (8. 11). the reticulum of fine filaments of the
“electron

membrane zone of the

microscopic  hasement . membrane™ i
probably composed of tropocollagen aggregates. we
have investigated the protein properties of the anti-
genic basement membrane zone. In the course of
these investigations we discovered that proteolytic
enzymes produce quantitative changes in the anti-
genicity of the busement membrane zone. We too

attempted to confirm this etfect with another sub-
strate. For this we selected the basement membrane
zone antibody itself. which after incubation for
tfluorescein-conjugated antiserum represents  the
equivalent of an antigen.

MATERIALS AND METHODS

Cryostat sections of healthy human skin were incubated
with papain or trypsin and compared by indirect immuno-
fluorescence with preparations not previously incubated
(Table 1). We used the following solutions of papain (1):
To separate preparations of 8 ml of a 0,01 M solution of
cystein hydrochlonde (pH 7.2) were added 0.005. 0.01.
0.02. 0.04 and 0.08 ml of the lollowing suspension of
papain: papain (Serva lLab.). purest crystalline form.
about 15.8 EU/mg. or 39 mg/ml. in suspension in 0.05 M
sodium acetate solution at pH 4.5, The cryostat sections
were incubated for | and S minutes in these different
concentrations of papain solution. The trypsin solution
wias made up as follows i2): | ml of an N/I000 HCI
solution containing 0.1 g% of trypsin (Serva. | x crystal-
line, salt-free. pharmaceutical: 160 EU/mg) was diluted
with 99 ml of 0.1 M phosphate buffer at pH 7.6. The
sections underwent S and 1S min of preliminary incubation
in this solution (I mg % trypsin).

For indirect immunofluosescence (for details see 3. 5. 6,
10). the cryostat sections were incubated with serum con-
taining basement membrane zone antibodies (using
guinea-pig tongue as antigenic substrate. positive up to a
dilution of | : 256). then washed and flooded with fluores-
cein isothiocyanate-conjugated antiserum (Behring Com-
pany AG. West-Germany) at a dilution of 1: 10 (*"normal
series” in table). The charactenstics ol the conjugate
were: Protein concentration of the FITC conjugated
gamma-globulin fraction: ca. 1023 mg/ml. Totul protein
concentration (after addition of human albumin): ca. 40%3
mg/ml. Specific antibodv content: ca. 10£3% of the
gamma-globulin  concentration.  Molar  F/P  ratio:  ca.
2.5+ 1.5, The details of the experiments. including the
modifications tor the effect ol the proteolytic enzymes on
the basement membrane zone antibodies (11 and (11 in the
tabte) are shown in Table [.
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Table 1. Details of experiments for indirect immunofluorescence (normal series) and modifications for the

effect of proteolvtic enzymes (1-111)

Normal series | 11
Frozen section —— > s
Papain/trypsin
4Xx washed
Pemphigoid serum ——==
(1:1-1:1024) (l:1=1:1024) (I:1-1:1024) (1:1)
4% washed 4x washed
0.02 ml papain, | min 0.02 ml papain, 1 min
4 x washed

4x washed —m———>
Fluorescein-conjugated —->
Anti-IgG

4x washed ——M >
Mounted ——M8M8M8 >

Pemphigoid serum
(I:1=1:1024)

RESULTS
Following preliminary incubation with papain (for |
min} and with trypsin (for S min). there was a much
greater intensity in fluorescence of the basement
membrane zone as compared with previously non-
incubated control sections at the same dilutions (I in
the table). There was in addition an increase of 5-6
titre dilution steps (factor 2. geometric progression)
in all the concentrations of papain investigated
(0.005-0.08 ml of papain suspension) and in 4-5
dilutions of the trypsin. After one minute’s incuba-
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tion with papain solution (0.01 ml of papain suspen-
sion) or after 5 min action of the trypsin solution,
there was an increasing degree of subepidermal
separation of the epidermis. at first localised (Fig.
1). while the effect of the solution of papain which
contained 0.08 ml of the papain suspension was to
produce more pronounced separation of the epi-
dermis at multiple sites (Fig. 2). The epidermis was
completely separated from the corium after incuba-
tion for 5 min with the papain and 15 min with the
trypsin.

Fig. |. Subepidermal band of fluorescence and
incipient loosening of epidermis from corum,
shown by indirect immunofluorescent staining
using cryostat sections of human skin pre-incubated
for | min with a solution of papain (0.0l ml of
papain suspension), and then flooded with a pa-
tient's serum containing basement membrane
zone antibodies diluted to 1:32, and incubated,
after washing, with diluted 1:10 commercially
available fluorescein isothiocyanate-conjugated
antiserum (for characteristics of conjugate, see:
Materials and Methods). x 10 objective.



In experiment Il in the table. where the papain
acted only after fixation of the basement membrane
zone antibodies to the basement membrane zone.
there was an increase of three titre dilution steps
compared with the normal control scries. A ninc-
fold increase in titre dilution steps was seen in ex-
periment [1] in the tablc.

The following controls were examined: I. Tests
with fluorescent conjugate were negative in the
absence of serum. 2. Several so-called **normal con-
trol sera” (these sera did not contain nuclear.
pemphigus or basement membrane zone antibodies)
were tested. Some of these sera had elevated anti-
body titres against measles. rubella or 7. pallidum.
Using these sera the results were always negative.
3. The following other antigen-antibody systems
were tested: Using sera containing nuclear or
pemphigus antibodies there was no activation of
nuclear or pemphigus antigens after exposure of
skin sections to proteolytic enzymes.

On the other hand. when guinea-pig tongue was
used as the antigenic substrate, there was practi-
cally no increase in the antigenicity of the basement
membrane zone.

DISCUSSION

Our results support the assumption that the
antigens located in the basement membrane zone

are proteins. However, it is a matter for discussion
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Fig. 2. Localised subepidermal band of
fluorescence with evident loosening of
epidermis from corium, shown by indi-
rect immunofluorescence using cryostat
section of human skin pre-incubated for
I min with a solution of papain (0.08 ml
of papain suspension). Details other-
wise as for Fig. 1. x 10 objective.

whether protein structures are formed as a result of
the enzyme action, with the release of free. in-
cluded functional groups of different chemical na-
ture.

We found in the course of this experiment that
brief exposure to the action of proteolytic enzymes
results in a marked increase in the antibody
binding sites of the basement membrane zone. We
showed in the case of papain (with the test modifi-
cations shown as Il and [II in the table) that this
enzyme is also active against the fixed basement
membrane zone antibodies. The sharp increase in
titre dilution steps in the series HI experiments is
due to the combination of both sites of action of
papain.

The effect of increase in the intensity of
fluorescence seen in these experiments. and the
increase in titre dilution steps. can be explained by
the law of mass action and has been extensively
discussed elsewhere (10) in a similar context—the
activation of basement membrane zone antigens by
high-energy irradiation. Since guinea-pig tongue
scarcely shows this effect at all, it clearly contains
antigenic structures which, while related to human
skin (both structures react with basement mem-
brane zone antibodies). differ. since in effect only
the basement membrane zone antigens of the
human epidermis were activated by the enzymes.

As regards the significance of proteolytic en-
zymes in the pathogenesis of bulla formation, Stiitt-
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gen et al. (I5) were able to demonstrate di- and
Iri-peptidases regularly in blister fluid. as well as a
proteolytic effect of endopeptidases in the epi-
dermis and corium (14). According to the studies
of Braun-Falco (7). the action of trypsin and chymo-
trypsin on fresh. living skin results in separation of
the epidermis and cutis. and the histological find-
ings resemble those of bullous pemphigoid (7).
Hence in this disease there are clearly marked
changes in the basement membrane and in the
cutaneous mesenchymal matrix as a result of en-
zymatic processes (7).

This ¢nables us to extend the view of Braun-
Falco (7) on the basis of recent immunological dis-
coveries in pemphigoid patients. to sayv that a mod-
erate action of proteolytic enzymes on basement
membrane zone antigens results in a marked in-
crecase in the basement antibody binding sites. An
increase in antigenicity which may be associated
with this could lead to the formation of "‘auto-
antibodies™ of the basement membrane zone anti-
body type. This agrees with the hypothesis of Sams
(12) and Sams & Gleich (13), that the basement
membrane has become antigenic, so that specific
basement membrane zone antibodies are formed
and bound there.

REFERENCES

I. Bergmeyer. H. U.: Methoden der enzymatischen
Analyse. Bd. 1., 2. Aufl.. p. 452, Verlag Chemie
Weinheim/Bergstr.. 1970.

. — Methoden der enzymatischen Analyse. Bd. I.. 2.
Aufl.. p. 979. Verlag Chemie Weinheim/Bergstr..
1970.

3. Beutner. E. H.. Rhodes, E. L. & Holborow. E. J.:
Autoimmunity in chronic bulious skin diseases. Clin
Exp immunol 2: 141, 1967.

4. Beutner. E. H.. Chorzelski. T. P. & Jordon. R. E.:
Autosensitization in Pemphigus and Bullous Pem-
phigoid. p. 113. Charles C. Thomas. Springfield.
k.. 1970.

5. Bockendahl. H., Remy. W. & Peters, T.: Frak-
tionierung und Klassifizierung menschlicher Immun-
globuline und ihre Reaktion mit sessilen Antigenen

19

Acta Dermatovener (Stockholm) 56

I5.

. Bruchhausen. F. v.

beim bulldsen Pemphigoid. Z Klin Chem Klin Bio-
chem /0:329. 1972.

. Bockendahl. H. & Remy. W.: Der Einfluss von Netto-

ladung und pH-Milieu auf die Praparation von Anti-
basalmembran-Antikérpern und auf ihre Bindungs-
Kapazitat beim bullosen Pemphigoid. Res Exp Med
163:211. 1974.

. Braun-Falco. O.: Histochemische Befunde bei
“Pemphigus  mit  suhepidermaler Blasenbildung™.
gleichzeitig  ein  Beitrag zur Pathogenese sub-

epidermaler Blasenbildung. Arch Klin Exp Derm
211:213, 1960.

& Merker. H.-J.: Morpho-
logischer und chemischer Aufbau isolierter Basal-
membranen aus Nierenrinde der Ratte. Histochemie
8:90. 1967.

. Remy. W.. Bockendahl. H. & Antoniadis. G.: Cor-

relative study of rubella antibody titre. basement zone
antibody titre. and 1gG content of sera of patients with
bullous pemphigoid. Acta Dermatovener (Stockholm)
S54:449, 1974,

. Remy. W.. Bockendahl. H. & Stiittgen. G.: The ef-

fects of X-ray. ultraviolet and infrared irradiation on
the basement membrane zone antibody reaction of the
human skin in vitro. Acta Dermatovener (Stockholm)
§S52313%. 1975

. Rupec. M.: Die Ultrastruktur der Epidermis. /n:

Spezielle pathologische Anatomie. Bd. 7. Haut und
Anhangsgebilde (ed. U. W. Schnyder), p. 708.
Springer-Verlag. Berlin. Heidelberg and New York.
1973.

Sams. W. M., Jr: Bullous pemphigoid: Is it an
immunologic disease? Arch Dermatol /02: 485, 1970.

. Sams. W. M., Jr & Gleich. G. J.: Failure to transfer

bullous pemphigoid with serum from patients. Proc
Soc Exp Biol Med 136:1027. 1971.

Stuttgen. G.. Hofmann, N. & Simmich. W.. Die Pro-
teolyse normaler und pathologisch verinderter Haut
durch Endopeptidasen. Arch Derm 205: 381, 1957.
Stiittgen. G. & Wust. H.: Die Blasenbildung in den
Hautschichten in fermentchemischer Sicht.  Arch
Derm 206: 403, 1957.

Received April 1. 1975

W. Remy. M.D.
Department of Dermatology
Rudolf-Virchow Hospital

| Berlin 65

Augustenburger Platz 1
FRG



