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Abs1ract. 1-'ollowing brief cxposure of cryostat ,cction, ol 
human ,kin to the action of proteol> tic enz) mc, ( papain 
or trYJNnl. therc \\a, a pronounced increa�e in thc anti
body binding �ite, of thc ba,ement memhrane zonc. 
shown in indirect immunolluoresccnce by an increa,cd 
intensity in fluore,cencc of the ba,emcnt memhrane zone 
a, compared v.1th preparation, v.hich had not prc,iou,I) 

undcrgone incubation. and by an incrca,e of 5-6 (papain) 
or 4-5 (lryp,inl titrc dilution �teps. Thi, effect wa, practi
cally ab,ent "hcn guinca-pig tongue "a� uscd a, the anti
genie �ub,trate. In conjunction with finding, puhlished in 
the litcrature, our rc,ults can be intcrpreted a, imlicating 
that thc activation of the ba,ement memhranc ,one anti
gen� b) proteoly11c enzymc, i-. associated v.-ith an increa,e 
in antigenicity which re�ults in the formation of "auto
antibodic," of the bascmcnt membranc z,)nC antihody 
type. 
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In contra,t 10 1he numerou� ,1udie, on the ,ignifi

cance in palhological mechani,m-, of ba�cment 

membrane zonc antibodic, in bullou� pcmphigoid 

(·L 9. 13). nothing i� kno" n abotll thc antigen., lo

cated in the ba�ement membrane zone of thc

epidermis. We have attempted. in a �erics of' experi

ment\ begun rccently. to definc more clearly 1hc

,essilc antigen, locatcd in the ba.,ement mcmbrane

zone of the human skin. Since. in thc vicw of somc

author, (8. 11 ), lhc rcticulum of fine filamcnh of 1hc

"electron mi1:ro-,copic ba,emcn1 membrane
..

i,

probably compo,ed of tropocollagen aggrcgates. wc

have irne,tigated lhe protein prnpertic\ of the anti

genie basement memhrane lOnc. In thc cour.,c of 

the�c invcstigation� wc di,covcreJ that protenlytic

enz} me-, producc quantitati\c change, in the anli

genicity of thc ba.,emcnt mcmhrane 1one. We 100

attempted 10 confirm thi, effcct with another sub

strate. For thi, we selecteJ thc ba\ement membrane 

,one antibod} it�elf. ,, hich af1cr incubation for 

nuore�cein-conjugated antiserum reprc-,ents the 

equivalent of an antigen. 

MATERIALS AND METHODS 

Cryo,t.tt ,c:ction, of health) human '"in v.-ere incubated 
with p,1pain or tryp,in and compare<l by indirccl immuno
fluore,ccnce with preparation, not previou,ly incubated 
(Table I). We 11,ed the following ,olution, of papain (I): 
To ,eparnte prcpar,11ion, of 8 ml of a 0.01 M �olution of 
cystein hydrochloiide (pH 7 .2) wcre added 0.005. 0.01. 
0.02. 0.04 and 0.08 ml ol' the following su,pcnsion of 
papain: papain (Serva Lab.). pure,t cry,talline form. 
about 15.8 EU/mg. or 39 mg/ml. in ,u,pen,1on in 0.05 M 
\Odium ,1cetate ,olution at pH 4.5. The cryo�tat section, 
werc incubated for I and 5 minute, in thc,c <liffercnt 
conccntration, of papain ,olution. fhe tr) p,in solution 
wa� made up a, follov., 1'.'): I ml ol an i:'s/1 000 HCI 
solution containing 0.1 g'« of tryp,in (Serva. I x cry�tal
linc. ,alt-free. pharmaccutical: 160 ELJ/mg) wa, dilutcd 
v.ith 99 ml of 0.1 \.f pho,phate bulTer at pH 7.6. The 
,ection, undcrv.ent 5 and 15 min of preliminary incubation 
in thi, ,olution ( I mg 0 trypsin). 

For indirect immunonuorc,cencc (for detail, ,ec 3. 'i. 6. 
10). the cryo,tat ,ection, \\cre incuhatcd v. 1th ,erum eon. 
taining ba,cmcn1 memhrane ,one antibodic, (u,ing 
guinca-pig tongue as antigenie suh,trate. po,itive up tu a 
dilution of I : 256). then v.a,hed and Oooded v.-ith fluorc,
cein i...othiocyanate-conjugated anti...erum (Bchiing Com
pany AG. We,1-Germany) at a dilution of I: 10 ('"normal 
\e1ie," in table). The characteri,tk, of thc conjugate 
"ere. Protein concentratIon of the FITC conjugatcJ 
gamma-globulin fraction: ca. 10:!J mg/ml. Total protein 
cunccntration (after addition of human albumin 1: ca. 40:t.5 
mg/ml. Specitic antibod\· content: ca. I0±5'i of thc 
gamma-globulin conccntration. �lolar F/P ratio: ca. 
2.5 :±: 1.5. The detail� of' thc experiment�. 1111.:luding the 
moditkation... fu, the effcct uf 1hc prutcolytic CnLyme, on 
the ha,ement memhrane ,one ant1hodie, (Il and 111 in the 
table) are ,htm n in Table I. 
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Table I. Dewi/,\ of experi111e111.i for i11diree1 i11111111111d711oresce11ce I 11on1111/ series; and 111odificotio11s for 1/ie 
ejject ofproreolytic e11:._rn1e� //-///) 

Normal series 

Frozen section 

Pernph1goid serum 

Papain;tr� p�in 
4x washcd 

Il 111 

(I : 1-1 : I 024) ( l : 1-1 : I 024) (I: 1-1 : I 024) 
4X washed 

(I: l) 

4x washed 
0.02 ml papain. l min 0.02 ml papain, I min 

4x washed 
Pemphigoid serum 

4x washed ------
Fluorescein-conJugated -
Anti-lgG 
4 x washed ------� 
Mounted -------

RESUL TS 
Following preliminary incubation with papain (for I 
min) and with tryp,in (for 5 min). there was a muc h 
greater intensity in fluorescence of the ba�ement 
membrane zonc as compared with previously 11011-
incubated control �ections at the same dilutiom, (I in 
the table). Therc was in addition un incrcase of 5-6 
titlc dilution stcps (factor 2. gcometric progre�sion) 
in all thc concentrations of papain investigated 

(0.005-0.08 ml of papain su�pen�ion) .and in -1-5 
dilutions of thc tryp5in. After one minu1e·s incuba-
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(I: 1-1: I 024) 

tion with papain �olution (0.0 I ml of papain suspen
�ion) or aftcr 5 min action of the tr)psin :.olution. 
there was an increa�ing degrec of subepidermal 
�eparation of the epidcrmi,. at lirst localbed (Fig. 
I ). while the effcct of the �olution of papain which 
contained 0.08 ml of the papain suspension was 10 
produce more pronounccd separation of the cpi
dermi� at multiplc sitcs (Fig. 2). The epidermis was 
complctely �eparated from the corium after incuba
tion for 5 min with thc papain and 15 min with the 
tryp�in. 

Fig. I. Subepidermal band of fluorescence and 
incipien1 loosening of epidermis from corium. 
5hown by indirect immunofluorescent staining 
using cryostat sections of human skin pre-incubated 
for I min with a solution of papain (0.01 ml of 
papain suspension), and then flooded with a pa
tient's serum containing basement membrane 
zone antibodies diluted to I :  32. and incubated, 
after washing, with diluted I: 10 comrnercially 
available fluorescein isothiocyanate-conjugated 
antiserum (for characteristics of conjugate, see: 
Materials and Methods). x 10 objective. 



In experiment I l  in the table, where the papain 

acted only after fixation of the basement membrane 

zone antibodies to the basement mcmbrane zone, 

there was an increase of three titrc dilution stcps 

compared with the normal control serie�. A nine

fold increase in titrc dilution steps was seen in ex

periment lil in the tablc. 

The following controb were examined: I. Tesb 

with tluorescent conjugate were negative in the 

ab,ence 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 measlcs. rubella or T. pal/ic/11111. 

Using these sera thc results wcre always negative. 

3. The following other antigen-antibody systems

were tcsted: Using sera containing nuclear or

pemphigus antibodies thcre was no activation of

nuclear or pcmphigus antigens after exposure of

skin sections to proteolytic enlymes.

On the other hand. when guinea-pig tongue was

u�ed as the antigenie �ubstrate. 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 

Actil•a1io11 o.f anti1?e11s by proteolytic en:,ymes 45 

Fig. 2. Localised subepidernrnl 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. I. x I O 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 III in the table) that this 

enzyme i� also active against the fixcd ba�emcnt 
membrane zone antibodies. The sharp increase in 

titre dilution steps in thc series 111 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 ha� 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 

antigenie structures which, while related to human 

skin (both structures react with basement mem

brane zone antibodies), differ. sinee 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, St(itt-
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gen el al. ( 15) ,,ere able 10 dernonstrate di- and 

1ri-pep1ida,e� regularly in blis1er nuid. a'> \\ ell a, a 

proleolytic effecl of endopeptidases in the epi

dermis and coriurn ( 14). According IO 1he studies 

of Braun-Falco (7), the action of trypsin and chymo-

1rypsin on fresh. living skin result� in �cparation of 

thc epidermis and cu1i,. and 1he histological find

ing� rescmble those of bullou, pemphigoid (7). 

Hcnce in this disease there are clearl) marked 

changes in the basement membr,ine and in the 

cutaneou, mcsenchyrnal matrix a� a re,ult of cn
zymatic proccs�e'> (7). 

This cnables u� to extend the view of Braun

Falco (71 on the basis of recent imrnunological di\

coveries in pemphigoid patient�. 10 sa) !hat a mod

erate action of proteolytic enzymcs on ba�emcnt 

rnembrane zone antigen, result, in a marked in

crcase in the basement antibody binding �ites. An 

increase in antigenicity which may be associa1ed 

\\ ith thi� could lead to the formation of ··auto
anlibodic�" of the basemen1 mcmbranc LOne anti

body typc. This agrees with the hypothc,i, of Sams 
( 12) and Sams & Gleich ( 13). lhat thc basement
mcmbrane has become antigenie, so thal specific

basement membrane zone antibodie� are formed

and bound there.
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