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Abstracr. In contmuing our ,tudie, on the characteristic, 
of the antigenie \tructures of the ba�ement membrane, 
procedurcs used in histochcmistry for the identification 
and blocking of reactive groups havc been adapted in thi\ 
present work 10 the pretreatment of cryostat ,ections of 
guinea-pig tongue. These scctions have then been ,tudied 
by thc indirect immunofluorescencc method. By means 
of rcagents which produce a rever,ible cxtinction of 
the bascment membrane Ouorescence produced with 
pemphigoid sera. 11 proved possible to determine the ex­
istencc of certain chemical groupings which bind the 
anti-ba,ement membranc antibodies. namely: frce 
carboxyl group, deriving from amino acids. hydrogen 
bridges in which the hydroxyl groups from the 
carbohydrates in the antigen are probably involved, bonds 
involving the free aldehydes of 1he antigen (either cross­
link, from aldehydes. or formation of Schiffs ba.es "'"h 
amino groups of the antibodies), and last ly, to a lesser 
extent, disulphide bonds. The antigen/antibody reaction 
probably occurs in the neighbourhood of the alpha­
glucosido-beta-galactosido-hydroxyly,ine. A reaction 
model has been dcveloped from lhcsc findings. Therc 
were also some indication, that the an1igenic ,tructures of 
the intercellular ,ubstance are chemically relatcd to tho,e 
of the ba�ement membranc. The cell nucleus antigens, on 
the other hand, appear to possess different chemical prop­
erties. 
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ings in the antigen/antibody comple:\ on the 
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When antibodic� directed again�t ccrtain skin 
structures were discovered in bullous dermatoses 

(I. 13). a new era in clinical and immunological 

dermatology began. Subsequently, much attention 

was devoted to the chemical and the phy�icochemi­

cal properties of the�e protein bodies (3. 4. 9. 15. 

19), although a systcmatic investigation of thc 

antigen� was not undertaken until fairly rccently. 

The propertie\ of the antigen, in pemphigus vul­

garis (5, 15, 17) have bccn studied in this connec­

tion. The reaction of thc antigenie structures with 

lectins has been found to be cspecially fruitful 

( 10. 12. 16). For example, in the cell surfaces 

of the Malpighian layer. polysaccharides and 

mucopolysaccharides-�uch as presumably im­

munogenic compounds-could be detectcd (8). The 

biochemical !>lructures of the basement mcm­

brane!>. on the 01her hand, "ere not investi­

gated until vcry recent limes. On the basi!> of exper­

imenh which suggest that the binding capacity of 

the basement membrane zone for anti-basement 

membrane antibodies is incrcased by proteoly1ic 

enzymes, it has become possiblc.! to concentratc on 

the binding region re�ponsible for the binding of 

these antibodie�. from the viewpoint of molccular 

biology. In this present paper, the results of the lirst 

paper ( 18) are corroborated by immunohbtochemi­

cal methods. and. so far as is po,sible, the chemical 

combinations required for thc formation of lhe 

antigen/antibody comple, are characteri�ed. 

METHODS 

Cryo�tat sec1ion, of guinea-pig tongue wcre used a, 
antigen substralc. The pemphigoid ,era u�cd wcre ,era 
with a titre of I : 256 or morc, and in which cell nuclcu, 
antibodies were detected on slight d1lution (up to about 
I: 9); before the pemphigoid serum was applied, thc �ec-
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Table I. Reaction lchemes (indirect imm11110-

fluoresce11ce merhod) of the experiments described 
in this paper 

The rcaction with acid1c methanol ha� heen chosen a� an 
example of the extinction of the ba,ement memhrane 
nuore�cence. and the reaction \\.ilh potassium permanga­
nate/oxalic acid as an exarnple of thc rever,ion of the 
e,tinction etTect. For further detaib and othcr chemical 
reactions. ,ee Method, 

Normal 
series 

f'xtinction 
,eries 

----- Cryostat �ec-
tion� 

-methanol 

Revers1on serie, 

-wa,h,ng 3x----------•

l 
Potassium

_ 
permangantlle 

washing once 
oxalic ac1d 
wa,hing 3x 

--- Pemph1goid ,erum 
----- "'ashing 4 x 

fluoresccin­
conjugated 
anti-IgG 

----- washing 4X 
--- cmbedding 

tions were incubated with the chemicab in the ,equence 
given as .in example in Table I. In the experimenh with 
reversibly acting reagenh. threc ,erie, were alway, used. 
namely: a normal serie,. an extinction ,erie, and a rcver­
sion ,eries: with the irre"ersiblc reagent,. ho,"e,er. only a 
normal series and an extinction ,eries were used. In the 
va.rious series, thc paticnt's "'tt.:rum \\-d� applied tn the 

following dilution\: undiluted. I . 3. I . 9, I : 81. We used 
the nuorescein-labelled ami,erum in the dilution I : 10. 
With regar<i to the details of the indtrect immu­
nofluorescence metbod. reference may be made to 
Beutner el al. (2) and aJso to one of our own earlier papers 
(4). 

Techniques for the chemical pretreatment of the 
cryostat sections: 

I. Reacrion with aceric a11hydrid1?/ca1111ic potash 

(a) Exrincrion series: incuba1ion of thc cryosta1 sections 
for 1 min with 2.5% acetic anhydride in anhydrous pyri­
dine. and then rinsing for x 5 min with "salt solutions". 1 

pH 5.0, and 3x5 min with Coons' buffer. 
(b) Reversion series: as extinction series. then incuba­

tion for 30 min witb 0.01 N caustic potash. finally rin�mg 
3x.� min wilh Coons' bufTer. 

2. Reaction wi1h .wdium bisu/phite/hydrod1/oric acid

\a) Ex1inctio11 series: incubation of the cryostat sections 
for 1 i min "'ith 40'1!: sodium bisulphite in 20% ethanol 
(wt./vol), pH 5.0, finally rinsing 4x5 min with Coons' 
buffer. 

(b) Re1·ersion .series: a� extmcuon ,enes. then incuba­
tion with "salt solution".' pH 2.0. finally rinsing with 
Coons' bufTer 4x � min. 
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3. Reaction ll'ith merha110//pornui1111111ermw1f!11natl'

(a) E�tinction serie<: incubation of the cryostat slice, for 
20 mm wi1h acidic melhanol, pH 1.2. finally rinsing 3X5 
min with Coons· buffer. 

(b) Re1·eriion series: a, extinction series. then incuba­
tion for 15 min with 0.5 '« potass1um permanganate. rins­
ing for 5 min with Coon,· butTer. finally incuhation for 4 
min \\.llh I <::f oxalic acid and rinsing 3x5 min with Coons· 
bufTer. 

4 Reaction ll'ith formalin/11'(1/er 

(a) Extinc1io11 series: incubation of the cryostat sections 
for 30 min w1lh I 'k formalin. 1hen rinsing I x5 min wilh 
Coon,· buffer. 

(b) Re1·ersio11 serie . ..-a, ex1inction ,eries. thcn rin,ing 
4x5 min "ith Coon,· bufTcr. 

5. Reaction ..-irh pniodic acid

Exrinction series: mcubation of the cryostat scctions for 
3 min with 0.8� pcriodic acid. then rin<':1g ,,ith Coons· 
buffer for 3 x 5 min. 

6. R eaction ..-irh 1110110-iodoaceric acid

Exrinction Jeries: mcubation of the cryostat sections for 
10 min with 0.1 M sodium mono-iodoacetate (pH 8.0). 
then nnsing 3 x5 min with Coons· buffer. 

7. Reaction ll'ith 2,4-dinitroben:enesulphonir acid (6. 7)

Ex1incrio11 ;eries: incubation of the cryostat sections for 
30 min with I M dini1robenzenesulphonic acid ,odium (pH 
7.'.!). then rinsini 4X5 min with Coon�· butTer. 

During the rin,ings with Coons' bufTer (pH 7.2). the 
prevailing pH of the rin.,ing liquid was determined with 
indicator paper. and the rinsing was continued until a pH 
of 7 .2 was attained. To prevcnt the cr}o,tat sections from 
becoming depleted of cations. wc included washing pro­
cesses with a "salt solution"'. whenever many rinsings 
were required. 

In addition 10 the controls u,ually undertaken for tbe 
indirect immunofluorescence method. tests \\ith sera from 
healthy subJects were also performed. No fluorescence of 
the basal membrane or of the intercellular �ub,tance could 
be induced by chcmical pretreatment of the cryostal ,ec­
tions. 

The anti-lgG anti,erum was �upplied by Behringwerke. 
Marburg. The characten,tics of this antiserum are: pro­
tein concentration of the gammaglobulin fraction conju­
gated with FITC= 10±3 mg/I: specific antibody frac­
tion= 10±5<:f of the gammaglobulin concentration; molar 
F/P ratio=about 2.5. 

The chemicah u,cd for the pretreatment of the cryostat 
sections werc commercial analytical grnde preparations. 
We are particularly indebted to Bayer laboratories. lnc. 
for the supply of the sod,um salt of thc 2.4-<linitro­
ben7enesulphonic acid. 

' The "salt solution": 9 g NaCl. 0.42 g KCI. 0.24 g CaCI,. 
0.03 MgCl2 dissolved in I litre distilled water; the pH 
adjusted with N/ 10 HCI to the value specified in the pro­
cedures. 
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Table II. Summary of the experimental results 

On the left side of the Table are the tluorescence patterns (BM =lluorescence of bascmcnt membrane: CN =lluorescence 
of cell nuclei; PFL=lluorescence pattern as in pemphigus vulgaris) after pretreatment of the cryostat sections with the 
stated reagent, and on the right side. the tluorescence panerns after further treatment with a second reagent are shown. 
The end point titre of the BM tluorescence relates to the observations madc after rcstoration of tluorescence. In the 
"normal series", the sera showed basement membrane fluorescence down to a serum dilution of at least I : 256. For 
further details, see Results 

r mmuno-optical find-
lmmuno-optical findings ings after further End point 
after pretreatment treatment titre of 

Pretreatment of the further treatment of !heBM
preparation with BM CN PFL preparation with BM CN PFL tluorescence 

Acetic anhydride Caustic potash + + I: 27 
Sodium bisulphite + Hydrochloric acid + + I: 9

Methanol Potassium permanganate + I: 27 
Formalin Water + I: 27 
Periodic acid 
Mono-iodoacetic acid + No further treatment was 

undertaken (irreversible 
reactions). 

2,4-dinitrobenzene-
sulphonic acid + + + 

RESULTS 

The methods used in this work are techniques well 

known in the field of histology where they are used 

to identify, o r  evcn to block, certain chemical reac­

tions. For our purpose, it was essential thal the 

reactions should. by alteration of the concentra­

tions and the reaction times of the chemicals, be 

adapted for the immunofluorescence of native 

cryostat sections. For the purpose of the fixation 

of anti-basement membrane antibodies from 
pemphigoid sera. it was necessary to exclucte reac­

tive groups by the most careful possible pretreat­

ment of the preparations, and, in a subsequent reac­

tion, to achieve this blocking reversibly and in such 

a way that the reactivity of the antigenie basement 

membrane should be retained. Since many sub­

stances cause an irreversible destruction of the 

morphological structures in the region of the base­

ment membrane. if the strictest criteria for the de­

tection of certain active groups are applied, then 

only those reactions provide proof in which the 

maintained antigenie functional capacity of the 

basement membrane can be guaranteed by a final 

antibody fixation. Furthermore, histochemical pro­

cesses to which the cryostat sections are subjected 

before the start of the antigen/antibody reaction on 
the basement membrane. and which have no influ­

ence on this reaction. can in certain instances be 

regarded as proof that certain reactive groups do 

not take any part in these reactions. 

The results of this work are summarised in Table 

Il.  They may be supplemented by the following 

details: It is noteworthy that, in somc test series in 

which the fluorescence of the basement membrane 

had been eliminated by chemical action. some 

fluorescent cell nuclei were observed. It should also 

be noted that all the pemphigoid sera that we used 

exhibited a slight cell nucleus fluoresccncc even in 

the "normal series•·. It is also intere�ting that even 

the sera from non-pemphigoid patients. which also 
exhibitect a slight fluorescence of the cell nuclei in 

the normal indirect immunofluorescence test, react­

ed with chemically pretreated antigenie substrates 

in such a manner that all the cell nuclei present in 

the epidermis showed extraordinarily intense fluo­

rescence. whereas the end titre of this reaction was 

not affected. 

It is especially noteworthy that. after the action 

of acetic anhydride/caustic potash and sodium 

bisulphite/hydrochloric acid after reversion of the 

extinction effect, a fluorescence was observed not 

only of the basement membrane but also of the 

intercellular substance. such as normally occurs 

only with pemphigus sera. The small end-point titre 

found after restoration of the basement membrane 

nuorescence ( I : 9 to I : 27) in comparison with the 

non-pretreated antigenie substrates (I : 256 and 

more) can be explained as a consequence of the 

chemical actions and the large number of rinsing 

processes. 
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Table 111. Sun·ey o/ the reactil·e gro11ps determined ll'ith the reagents that 11·e used, made as descrihed in 
the literature ( 11) 

Only corresponding groupings ofthe proteins and the carbohydrates were considercd. For furthcr details, sce Discussion 

Methanol/ 
2.4 Dinitro­

Mono-iodo- benzene-
Acetic 
anhydride/ 
caustic 
potash 

Sodium bi­
sulphite/ 
hydrochloric 
acid 

potassium Formalin/ Periodic 
acid 

acetic sulphonic 
Chemical groups permanganate water acid acid 

Amino 
Imino 
Carboxyl 
Sulphonic acid 
Sulphydryl 
Hydroxyl 
Carbamyl (alde-
hyde + ketone) 

+ 

+ 

+ 

+ 

+ 

+ 

The extinction of basement membrane tluo­

rescence. observed after pretrearment of the 

cryostat sections with periodic acid and with 

mono-iodoacetic acid. seems rather less clear-cut in 

the evaluation. In both test series. care was taken to 

ensure that the morphological structure of the 

epidermis was preserved intact. Even in the case of 

mono-iodoacetic acid, despite the elimination of the 

antigenicity of the basement membrane, a cell 

nucleus fluorescence was observed. On the basis of 

these findings. it is not possible to evaluate the 

extent to which the tluorescence extinction 
phenomenon in these two test series is specific. 

After the action of 2.4-dinitrobenzenesulphonic 

acid. the immunological findings of the anti­

gen/antibody reaction on the basement mem­

brane were markedly intensified. The prepara­

tions appeared generally brighter. The cell bound­

aries of the stratum basale and spinosum. and the 

cell nuclei in higher sections. were also sharply 

defined. The corium, too, exhibited an enhanced 

fluorescence. 

Table 111 gives information about the possible 

action sites of the blocking reactions induced by 

various chemicals. This table contains data derived 

from the literature ( 11 ), the active groups of the 

carbohydrates and the aminoacids being considered 

mainly for reasons that are mentioned in the discus­
sion. In the discussion. moreover. the many groups 

that are theoretically capable of reaction are con­

sidered and an attempt is made, by a process of 

exclusion. to identify those that are probably in­

volved in the fixation of the anti-basement 

membrane antibodies. 
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+ 

+ 

... 

a-amino­
alcohols

a-glycols
+ 

DISCUSSION 

+ 

+ 

Our experimental results must be discussed against 

the background of Kefalides' recent review ( 14) of 

the biochemistry of the basement membrane. Ac­

cording to this review, three antigenie components 

must be considered. one of them being a collagen 

and thc other two containing glucoproteins. The 

structures are stabilised by hydrogen and disulphide 

bridges. and also by cross-linkages derived from 
aldehydes. A noteworthy feature is the high propor­

tion of hydroxylysine and hydroxyproline, and also 
the presence of alpha-glucosido-beta-galactosido­

hydroxylysine whereas amino sugars and imino 

acids are practically absent. 

In our first paper (18), we reported that the 

antigenie determinant for the binding of the anti­

basement membrane antibodies in pemphigoid is, 

very probably, the alpha-glucosido-beta-galac­

tosido-hydroxylysine. but that the question of the 

possible binding sites still remained unresolved. On 

the basis of the studies described in this present 

paper, a more exact identification of the binding 

mechanism of the antibodies will now be attempted. 

The fact that the pretreatment of the cryostat 

sections with 2.4-dinitrobenzenesulphonic acid in 

high concentration does not suppress the irn­

munofluorescence of the basement membrane, 
shows that -NH2 and -NH3

+ groups are not in­

volved in the antibody fixation. Quite the contrary! 

The fluorescence pattern is qualitatively and 

quantitatively increased after the action of this 

reagent, and this provides an indication that the 

anti-basement membrane antibodies also carry 
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Fig. I. (a) lmmunfluorescent staining of the basement 

membrane zone using the indirect method. x 100. (b) 
lmmuno-electron microscopy of the basement membrane 
zone. Arrows indicate peroxidase activity and thus the 
site of lgG deposits. x 22 200; (from Holubar et al.. J 
lnvest Dermat 64, 224, 1975). (c) Mode) presentation of 
antigen/antibody reaction in the basement membrane zone 

on molecular biological base. Lower, grey part: 

Antibasement membrane antibody with pocket; above it, 
basement membrane zone (white background). The mode! 
takes account the following kinds of bonds (from left to 
right): ( I) a disulphide bridge, (2) the formation of Schiffs 
base, (3) an electrostatic bond, (4) a hydrogen bridge. 
•. electrostatic charges. 
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positively charged binding si tes and that their repul­
sion by the amino group uf the antigen is reduced 
afler reaction with the dinitrobenzenesulphonic 
acid. 

The positive outcome of the methoanol/potas­
sium permanganate reaction implicates the in­
volvement of acidic groups, which. in the light of 
our present knowledge about the structure of the 

basement membranes, compnse the terminal 

carboxyl groups of amino acids. This prov ides yet 
further proof of positively charged adhesion sites 
for the antibodies. The result of the formalin/water 
reaction can be interpreted in the same way. Admit­
tedly, still other reactive groups are detected in this 
way, but the only other groups that need be consid­
ered in this context are hydroxyl groups and pos­
sibly (on account of their relatively rare occurrence) 
also sulphydryl groups. The results obtained with 
acetic anhydride/caustic potash also point in this 
same direction. 

The sodium bisulphite/hydrochloric acid-induced 
inhibition of basement membrane fluorescence 
must be attributed to the involvement of carbonyl 
groups. According to recent publications (20. 21), 
the collagen of the basement membranes has been 
shown to contain not only cross-links formed by 
aldehydes, but also free aldehyde groups. which are 
formed enzymatically by the lysyl oxidase. 

In summary. then. the probable site for binding 
the antibodies to the antigenie structures of the 
basement membrane can be envisaged in the follow­
ing way: [n the neighbourhood of the alpha-gluco­
sido-beta-galactosido-hydroxylysine. and perhaps 
also in the region of free hydroxylysine. and with 
the participation. of electrostatic bonds from free 
carboxyl groups of terminal amino acids. the 
antigenie basement membrane reacts with the 
antibodies, and the resultant complex is stabilised 
by hydrogen-bridges from hydroxyl groups (from 
glucose. galactose, and perhaps from free hydroxy­
lysine), by cross-linds from aldehydes (derived 
from alpha-amino-adipic acid-e-semialdehyde). or 
by formation of Schif

r

s bases, and, 10 a smaller 
extent, by disulphide bridges (derived from the 
cysteine). Fig I shows a mode! presentation which 
takes account of all the above-mentioned kinds of 
bonds. In this mode! is shown the binding of the 
antibodies to the basement membrane. starting 
from the fluorescence microscopy findings. through 
the electron-microscopy photographs, to the situa­
tion in the molecular region. 
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The antigenie structures of the intercellular sub­
stance appear to possess a certain relationship to 
the antigen of the basement membrane, for in sev­
eral test series we observed, after chemical pre­
treatment of the cryostat section, not only the 
fluorescence of the basement membrane zone but 
also a fluorescence like that found in pemphigus 
vulgaris. The cell nucleus antigens, on the other 

hand, appear to possess different chemical prop­

erties, as can be deduced from the fact that cell 
nuclei repeatedly fluoresced under conditions 
where all other fluorescence patterns had disap­
peared; and even after incubation with chemical 
substances, when sera from non-pemphigoid pa­
tients were used. lhe cell nuclei of the epidermis 
showed an intensified fluorescence. 

We ourselves have already reported ( 18) that the 
antigenicity of thc basement membrane is increased 
by preincubation of the cryostat sections with pro­
teolytic enzymes. The results of this present work 
indicate that the intercellular substance of the 
epidermis of guinea-pig tongue can be antigenically 
modified by chemical action, and this finding can 
similarly be interpreted in the sense of a ··secondary 
antibody formation•· {18). 
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