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The pathogenic effects of pemphigus vulgaris (PV) 
a ntibodies on epidermal cells can be demonstrated both 
in vitro using skin organ culture or primary epidermal 
cell cultures (PECC) and in vivo by passive transfer of 
PV antibodies into neonatal BALB/c mice. Although PV 
antibodies have been loca lized on the epidermal cell 
surface by several techniques, little is known about the 
fa t e of these autoantibodies subsequent to their surface 
binding. We have examined this, using murine PECC 
w hich express pemphigus antigen on their surface, and 
follovved the fate of the bound antibody molecules. 
Forty - eight-hour PECC were incubated at 37°C with 
PV antibodies for 20 min and then with horseradish 
peroxidase-labelled antihuman lgG. This was consid
ered tilne 0 . The monolayers were fixed with glutaral
deh y de after 0, 0.5, 1, 3, 6, 18, and 24 h incubation a t 
3 7°C a nd then processed for electron microscopy. At 
time 0 hour, PV antibodies is detected bound evenly 
alo n g the surface of keratinocytes. Within 30 min, the 
bound PV antibodies becomes clustered, internalized 
into submembranous vesicles via surface pits, and even
tually fused with lysosomes. Widening of the inter cel
lular spaces was also seen in PECC treated with PV 
antibodies within the first 24 h. PECC treated with 
normal human lgG in parallel cultures showed no such 
surface binding, internalization, or cell-cell detach
ment. Treatment with cytochalasin-D and/or colchicine 
did not affect the internalization of the PV antibodies, 
but fusion with lysosomes was not seen in treated cul
tures. 

These findings suggest that PV antibodies binds a 
surface antigen and the complex is internalized and 
fused vvith lysosomes in a process that may have patho
ph ysiologic relevance. 

Pemphigus vulgaris (PV) is a chronic bullous disease t hat 
presen t s with blisters and erosions of t he skin and mucosal 
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surfaces. Histologic examination of t he lesions shows detach
men t of differentiating keratinocytes from each other (acan
tholysis) and from the basal cells which typically remain at
tached to the underlying basal lamina [1- 2]. 

Two features are characteristic of pemphigus: (1) a defect in 
cell-to-ce ll adhesion wit hin t he epidermis, and (2) an autoim
mune ant ibody-an tigen reaction that takes place on t he surface 
of epidermal cells. Immunoflu orescence (IF) and immunoelec
t ron microscopy (immuno-EM) have shown intercellular de
posits of PV immunoglobulin in the lesiona l and perilesional 
epidermis [3-6]. PV a nt ige n, to which PV a ntibodies bind, has 
been isolated from t he epit helial t issue of severa l mammalian 
species and from human sa liva, and pa rt ia lly characterized [7-
11] . 

It is clear t hat P V ant ibodies are pathogenet~~ally related to 
t he epidermal aca ntholysis seen in t he skin of P V patients. 
This is shown both by clinical observations and by in vit ro a nd 
in vivo studies. In vit ro studies have shown that IgG fractions 
from PV sera induce acant holysis in organ skin explants [12, 
13] and cell detachment in primary epidermal cell cul tures (14-
16]. Recen tly, our laboratory has demonstrated the pathogenic 
role of PV antibodies in vivo by passive t ransfer of human IgG 
into neonatal BALB/c mice [17]. In t hat report it was shown 
t hat mice give n i.p . injections of IgG from patien ts wit h PV 
developed cutaneous blisters and erosions wit h t he histologic, 
ult rastructural, and IF features of PV. 

It has been reported previously that neonatal murine ep ider
mal cells in cul ture [14] a nd t rypsin -isolated gu inea pig epider
mal cells [18- 20] contain cell surface ant igens which bind PV 
ant ibodies. Present ly, however, t he fate of surface -bound PV 
ant ibody- ant igen complex and its importance in the induction 
of acant holysis is not known. This investigation was carried 
out to elucidate ult rastructurally t he sequence of events t hat 
occurs during and following t he binding of P V a nt ibodies to 
the murine epidermal cell surface an t igen. We fom1d t hat PV 
ant ibodies bind a cell surface ant igen and t hat t he an t ibody
antigen complex is t hen internali zed and eventually fused with 
lysosomes. This process may be an important. mechanism m 
the pathophysiology of the disease. 

MATERIALS AND METHODS 

Pemphigus Vu lgaris and Normal Human Sera 

Serum was obtained fro m a single patient with the clinical, histologic, 
and 1mmunolog1c features of PV. The tite r of PV antibodies was 1:320 
when tested against a rat-tongue epi thelial substrate by indi rect. IF. 
The IgG fraction from this serum has been shown to induce cutaneous 
disease in mice when injected i.p. (Patient No.2, described in the paper 
by Anhalt et al) [1 7]. Serum obta ined from a normal human donor was 
used as a control. Both sera were sterilized by Mi llex filtration (Milli
pore Corp., Bedford, Massachusetts, pore size 0.22 11 m) prior to use. 

Epi.derm.al Cell Cultures 

Epidermal basal cells were isolated as described by Marcelo et al 
from the skin of neonatal BALB/c mice [21 ]. Briefly, mouse skin was 
incubated at 37•c for 1 h wi th 0.25% trypsin (Sigma, St. Louis, 
Missouri) in Medium 199 (M-199) containing modified Earle's salt 
with glutamine (Flow Labs, Rockville, Maryland). The dermal side of 
the separated epide rmis was gently scraped in M-199 containing 50 
IU/ ml of penicillin and 50 11g/ ml of streptomycin (P&S) (Flow Labs) 
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supplemented with 13% heat-inactivated fetal calf serum (FCS) (KC 
Biological, Lenexa, Kansas). The resulting cell suspension was sub
jected to discontinuous Ficoll density-gradient centrifugation using 12, 
15, 18, and 20% Ficoll in M-199 with 13% FCS. The gradients were 
centrifuged for 30 min at 250 g and 4•c . The epidermal basal cells 
recovered in the 20% Ficoll fractions were washed with M-199 contain 
ing P&S and supplemented with 13% FCS. The cells were then resus
pended to a known volume in the same medium. 

A known number of basal cells (4.0 X 10") in a volume of 1 ml were 
seeded in 16-mm, 24-well Costar cluster Petri dishes with a 16-mm 
plastic coverslip (Thermanox, Lux Scientific Corp., Newbury Park, 
California) covering t he bottom of the wells. The cultures were incu
bated at 37•c in a humid atmosphere with 5% CO. and 95% a ir. 
Approximately 95% of these cells excluded trypan blue. Following t his 
cultu re technique, approximately 60% of the epidermal basal cells will 
attach to t he plastic substrate [22), spread, and proliferate. At the end 
of 48 h, the epidermal cultures attain confluency and show approxi
mately 2- 3 layers of strat ification [21 ]. These cu ltures can be main
tained for several weeks if the growth medium is changed every 2 days 
[21 ]. 

Treatment of Epidermal Cell Cultures with Antibodies 

The method followed for pemphigus antibody treatment of epidermal 
cell cultures was similar to the two-antibody technique used by Huet 
et al [23]. Freshly prepared epidermal basal cells were cultured as 
described. After 48 h of incubation, the supernatant medium was 
removed and the cultures were gently rinsed 3 t imes with M-199. A 
1:80 dilution of PV serum in M-199 (0.5 ml) was added to experimental 
cu ltu res and a 1:80 dilu t ion of normal human serum in M-199 (0.5 ml) 
was added to control cultures. All cultures were incubated for 20 min 
at 37•c in a humid atmosphere with 5% C02 and 95% air. At t his t ime 
point, the supernatant media were removed and the cultures were 
gently rinsed 3 times with M-199 in preparation for immunochemical 
staining. 

Immunochemical Staining of Antibody-Treated Epidermal Cell 
Cultures 

To demonstrate the init ia l su rface binding of PV antibody molecules 
(arbitrarily labeled at t ime 0), t he cultu res were prefixed with freshly 
prepared 4% paraformaldehyde (Kodak, Rochester, New York) for 30 
min before any immunochemical staining (24]. In other experiments, 
parallel unfixed cultures were treated with a 1:20 dilution of a peroxi
dase- labeled goat antihum an IgG (Cappel Laboratories, Cochranville , 
Pennsylvania) in M-199 for 30 min at 37•c in a humid atmosphere 
with 5% C02 and 95 % ai r, followed by 3 rinses with M-199 at room 
temperature. These cultures were then incubated at 37•c in M-199 for 
different periods of time: 0.5, 1, 3, 6, and 24 h. Following the second 
incubation, t he cul t ures were rinsed 3 times with M-199. The cultures, 
(including t hose that had been prefixed with paraformaldehyde), were 
t hen fixed in the culture p lates with 1% glutara ldehyde (Polysciences, 
Warrinbrton, Pennsylvania) in phosphate-buffered saline (PBS) for 20 
min at room temperature, rinsed 3 t imes with PBS, and reacted with 
3,3' -diaminobenzidine (DAB) (Sigma) for 10 min at room temperature. 

Alternative Procedure for Immunochemical Staining of Antibody
Epidermal Cell Interaction 

To eliminate the possibility t hat peroxidase-labeled goat antihuman 
JgG , which is divalent, may have caused cross- linking of the PV 
antibody- antigen complex, we also used a modification of the glutar
a ldehyde-boro hydride-saponi n (GBS) procedure, described by Wil
lingham [25]. This procedure increases t he accessibility of some cyto
plasmic compa rtments to antibodies and allowed us to visualize anti
body-antigen complexes that had been internalized prior to second 
antibody treatment. Antibody labeling was done using t he avidin
biotin peroxidase comp lex (ABCPx) method to amplify the degree of 
immune labeling [26]. 

Forty-eight-hour cu ltures were treated with a 1:80 dilution of PV 
serum in M-199 and incubated at 37•c in a humid atmosphere with 
5% C02 and 95% air for 0.5, 1, and 24 h. At these time points, t he 
supernatant media were removed, and t he cultures rinsed 3 times with 
M-199. The cu ltu res were prefixed with 0.4 % gluta raldehyde in 80% 
PBS for 10- 15 min, and incubated for 5 min at room temperature with 
a fresh solu t ion of 0.05 % sodium borohydride in PBS. The cultures 
were washed in PBS 5 t imes afte r each step. The cultures were then 
t reated with a PBS solu t ion conta ining 0.1 % saponin, 4 mg/ml normal 
human lgG, and 1 mM ethylene glycol tetraacetic ac id (EGTA) for 30 
min at room temperature and washed 3 times wi t h 0.1% saponin in 
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PBS. lmmunochemical staining of the cultures was done at room 
temperature by incubation with a 1:200 dilution of biotinylated goat 
antihuman lgG (Vector Labs, Inc., Burlingame, California) in 0.1 % 
saponin and PBS for 30 min, followed by incubation with a 1:200 
dilution of horseradish peroxidase avidin D (Vector Labs) in 0.1 % 
saponin and PBS for 20 min . The cultures were washed 3 times with 
PBS after each step, fixed with 1% glutaraldehyde in PBS, rinsed with 
PBS, and reacted with DAB for 10 min at room temperature. 

Cytochalasin-D and Colchicine Treatment of Epidermal Cell Cultures 

Forty-eight-hour cultures were first treated for 0.5 h at 37•c with 
cytochalasin -D (0.5 11g/ml) in 1% dimethyl sulfoxide, colchicine (40 
11g/ml), or a combination of the two, following the technique reported 
by Knapp et al [27 ]. The cultu res were then exposed to PV antibodies 
and peroxidase-labeled goat antihuman IgG as described previously 
but in the continuous presence of cytochalasin-D and colchicine o r ~ 
combination of t he two. 

Processing of Cu.ltures for Electron Microscopy (EM) 

The cul tures were postfixed in 1% osmium tetroxide (0,0 4 ) dehy
drated with an ascending series of alcohol and embedded in British 
ara ldite (both from Polysciences, Warrington, Pennsylvania). The 
Thermanox coverslips were peeled off by warming over a hotplate, 
leaving embedded cells on t he block. Ultrathin sections were stained 
with uranyl acetate alone, or uranyl acetate and Reynold's lead citrate 
solut ion [28], and examined with a JEM-100S transmission electron 
microscope (Joel Ltd., T okyo). 

RESULTS 

Demonstration of Binding and Endocytosis of PV Antibody 
Molecules by Epidermal Cells in Culture 

In cultures exposed to PV antibodies and maintained at 37•c 
at time 0, the antibody molecules were seen bound diffusely o~ 
the cell surface (Fig la). No cell surface binding was detected 
on parallel control cultures treated with normal human serum 
(Fig lb). As early as 0.5 h after exposure to PV antibody, 
antibody molecules were observed to be clustered on the cell 
surface (Fig 2a), internalized via surface pits (Fig 3a,b) into 
submembranous vesicles (Fig 4a,b), and fused with lysosomes 
(Fig 4c,d). A similar distribution of antibody molecules was 
observed in cultures fixed after 1, 3, 6, and 24 h exposure to 
PV antibody. 

Cultures incubated with PV antibody for 24 h displayed 
internalizat ion of PV antibody molecules within the cells, and 
at this point we observed marked widening of intercellular 
spaces (ICS) of the epidermal cells. Desmosomal attachments 
between cells remained intact (Fig 5a). Cultures incubated with 
normal human serum in parallel showed no such abnormalities 
of the ICS (Fig 5b) . 

The results obtained with GBS-ABCPx method showed iden
tical results, i.e., there was initial diffuse binding of PV antibody 

FIG L Distribution of pemphigus antibody on the surface of neo
natal mouse epidermal cells at t ime zero. Uranyl acetate stain only. a, 
Pemphigus antibody is seen bound diffusely to cell surface (closed 
arrows). b, Normal human serum treated control showing no cell surface 
binding. Bars = 1 11m . 
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molecules on the epidermal cell surface (Fig 6a) followed by 
internalization of PV antibodies into submembranous vesicles 
within 1 h (Fig 6a,b), and marked widening of ICS of epidermal 
cells at 24 h (Fig 7a). 

Effect of Cytochalasin-D and Colchicine on Pemphigus 
Antibody-Receptor Complex Internalization 

In forty-eight-hour cultures incubated with PV antibody in 
the continuous presence of 0.5 llg/ml cytochalasin-D (Fig Ba,b) 
or 40 ,u.g/ml of colchicine (Fig 8c,d) there was no decrease in 
the observed surface binding of PV antibody or its internali
zation into submembranous vesicles. Similar results were ob
served when 0.5 11g/ml cytochalasin-D and 40 11g/ml colchicine 
were used in combination (Fig 9). The only difference that 
exposure to these drugs produced was observed in a limited 
number of cultures treated with cytochalasin-D and/or colchi
cine, where PV antibodies could not be detected within lyso
somes . 

DISCUSSION 

This study shows that PV antibodies are initially bound to 
the epidermal cell surface in a uniform and diffuse distribution. 
If the epidermal cells are incubated with PV antibodies for a 
short time at 37"C then the antibody molecules become aggre
gated into clusters on the epidermal cell surface. The results 
confirm previous observations by Diaz and Marcelo (14] and 
Takigawa, et a! [20]. These earlier studies, however, did not 
look at the fate of the PV antibody molecule following the 
initial binding and aggregation that they had detected on the 
cell surface. In order to follow the fate of PV antibodies, we 
used the two-antibody technique described by Huet eta! (23]. 
This technique had been used by them to demonstrate anti
body-induced clustering and endocytosis of HLA antigens on 
cultured human fibroblasts. In our study, unfixed epidermal 
cell cultures were first treated with PV serum for 20 min at 
37"C, which allowed the PV antibodies to bind to the PV 
antigen on the epidermal cell surface without appreciable re-

FIG 2. Distribution of pemphigus antibody on the surface of neo
nata l mouse epidermal cells at t ime 30 min . Uranyl acetate stain only. 
a, Pemphigus antibody is seen clustering on the cell surface (closed 
arrows). b, Normal human serum treated cont~ol showing no clustenng. 
Bars = 1 ,..,m. 

distribution of the PV antibody-antigen complexes. This was 
followed by 3 rinses with M-199 at room temperature to remove 
any unbound proteins. A second incubation of the cultures was 
carried out with peroxidase-conjugated antibodies, allowing 
them to react with the first antibodies for 30 min at 37"C, and 
then the excess peroxidase-conjugated antibodies were rinsed 

FIG 4. Processing of pemphigus antibody- antigen complexes after 
binding neonatal mouse epidermal cells. Uranyl acetate and lead citrate 
stain. a and b, Diaminobenzidine deposition seen in intracytoplasmic 
vacuoles (open arrows). c and d, Diaminobenzidine deposition seen 
within secondary lysosome (open arrows). N = nucleus; ICS = inter
cellular space; RER = rough endoplasmic reticulum. Bars = 1 I'm. 

FIG 5. Effect of pemphigus antibody- antigen complex internaliza
tion on neonatal mouse epidermal cells at time 24 h. Uranyl acetate 
and lead citrate stain. a, Experimental cultures show widening of 
intercellular spaces (!CS). Open arrows point to internalized ant ibodies. 
b, Control cu ltures showing no widening of intercellular spaces (ICS). 
N = Nucleus. Bars= ll'm. 

FIG 3. Distribution of pemphigus an
tibody on the surface of neonata l mouse 
epidermal cells at time 30 min. Uranyl 
acetate and lead citrate stain. a and b, 
Higher magnification showing pemphi
gus a ntibody- antigen complexes within 
pits (closed arrows). Bars= 1 I'm. 
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a 

FIG 7. Effect of pemphigus antibody- antigen complex in ternaliza
tion on neonatal mouse epidermal cells at time 24 h using GBS and 
ABCPx method. Uranyl acetate stain only. a, Experimental cultures 
show widening of intercellular spaces (ICS). Open arrow points to 
internali zed antibodies. b, Control cultures showing no widening of 
intercellular spaces (JCS) . N =Nucleus. Bars = 1 11m. 

off. The now-labeled PV antibody was allowed to interact with 
epidermal cell s for different periods of time (0.5-24 h) and its 
fate at a given time point visualized by EM. Our observations 
showed that, subsequent to clustering, the PV antibody is 
internalized in to submembranous vesicles via surface pits and 
eventually fused with lysosomes. Parallel control epidermal cell 
cul tures treated with normal human serum showed no binding 
or internalization of IgG molecules. This finding strongly in
dicates that endocytosis of the PV antibody molecules by 
epidermal cel ls is a specific phenomenon. 

Singer has proposed that clustering of receptor-bound ligands 
is a prerequ isite for endocytosis [29). It would follow, therefore, 
that cross-linking and clustering of these epidermal cell surface 
molecules (the PV antigen) was caused by the PV antibody. It 
may be argued that in our experiments the use of peroxidase-
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FIG 6. Demonstration of pemphigus 
antibody binding and internalization on 
neonatal mouse epidermal cells at time 
1 h using GBS and ABCPx method. Ur. 
anyl acetate stain only. a, Pemphigu 
antibody is seen bound diffusely to the 
ce ll surface (closed arrow) and diamino
benzidine deposition seen in intracyto· 
plasm ic vacuole (open arrow). b, Diami
nobenzidine deposition seen in intracy
toplasmic vacuole (open arrow). Bars = 
111m. 

labeled goat antihuman lgG, which is divalent, may have caused 
cross-linking of the PV antibody- antigen complex, and then 
artifactually induce clustering and endocytosis. This possibility 
has been ruled out, as the internalization of PV antibody
antigen complex was also seen in cultures treated by the GBS
ABCPx method. In this method, unaltered antibody-antigen 
complexes were visualized after their internalization. This 
clearly demonstrates endocytosis of PV antibodies in the ab
sence of the cross- linking effect of peroxidase-labeled goat 
antihuman IgG. 

PV antibody-treated cells immediately fixed with parafor
maldehyde, a reagent that immobilizes membrane macromole
cules [24), showed diffuse surface distribution of PV antibody 
molecules, indicating that PV antibody-antigen clustering is 
inhibited by aldehyde fixation. These findings suggest that PV 
antigen(s) in unfixed cells are mobile in the membrane of 
epidermal cells as reported by Takigawa et al [20). 

Pemphigus antigen may be referred to as a receptor since it 
specifically recognizes and binds its ligand, t he PV antibody. 
Therefore, binding of PV antibodies to the epidermal cell 
surface (receptor/ligand interaction) may translate information 
that subsequently modifies some aspects of cell behavior or 
metabolism [30). Interestingly, it is known that the cross
linking of cell surface receptors by autoantibodies is associated 
with an increased metabolic turnover of these molecules and 
defective receptor fu nction [31- 33]. For example, in autoim
mune diseases with autoantibodies against cell surface recep. 
tors, such as myasthenia gravia, insulin-resistant diabetes, and 
Graves' disease, an autoantibody-cell surface receptor cross
linking is a common pathogenetic mechanism (31-38]. It is 
conceivable that the same cross-linking phenomenon occurs on 
the epidermal cell surface after binding PV antibodies, which 
may lead to the cell detachment observed in vivo and in vitro. 

Appearance of peroxidase-labeled PV antibody molecules 
within submembranous vesicles and subsequent fusion with 
lysosomes indicates an endocytic pathway from the epidermal 
cell surface to lysosomes (39). However, the final fate of PV 
antibody-antigen complexes beyond the lysosomes remain 
unknown. In the majority of systems studied [ 40], the ligand
cell surface molecule complex t hat reaches the lysosome i 
subsequently dissociated, and the cell surface molecule is re
cycled back to the cell surface to be reutilized. In rat embryo 
fibroblast , it has been shown that internalized rabbit lgG is 
partially digested in the lysosomal compartment, with certain 
Fab' type fragments remaining undigested [41) . 

An interesting observation in this investigation was t hat 
exposure of these cultures to cytochalasin-D and colchicine 
alone or in combination, did not prevent the clustering and 
internalization of PV antibodies. This would indicate that the 
cytoskeletal contracti le system does not play a role in this 
process. This finding would be in agreement with results ob
tained in other cell systems, indicating that internalization of 
a Ligand-cell surface molecule complex is a process resistant 
to cytoskeleton-disrupting drugs (42]. In the cell cultures we 
treated with cytochalasin-D or colchicine, there was persistence 
of the pemphigus antibody on the cell surface and we were 
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unable to detect any PV antibody within the lysosomes. This 
suggests that these cytoskeleton-disrupt ing drugs may partially 
inh ibit e ndocytosis and block the fusio n of endocytosed vesicles 
with lysosomes, and t herefore impair t he int racytop lasmic proc
essing of PV antibody molecu les. This observation needs future 
confirmation, for it may be due to sampling error, an inherent 
problem with EM studies. 

An important observation made in cu ltures incubated with 
PV serum for 24 h was t he appearance of marked widen ing of 
ICS and t he presence of PV ant ibody molecules within the 
epidermal cell s. However, the relation of internalization of PV 
antibody molecul es and the di ssolution of t he res producing 
widen ing of these spaces remains to be clarified . 

Recently, using t he neonatal mouse animal model, our labo
ratory has described ultrastructural changes t riggered by t he 
binding of PV ant ibodies to t he mouse epidermis [43]. Briefl y, 

a 

FIG 8. Effect of cytochalas in-D or 
colchicine on the interna lization of pem
phigus antibody by neonata l mouse epi· 
dermal cells. Uranyl acetate stain on ly. 
a and b, Pemph igus antibody-antigen 
complexes are seen bound to the ce ll 
surface (closed arrows) and within intra 
cytoplasmic vacuoles (open arrows) in 
cultures treated with cytochalasin-D. c 
and d, Pemphigus antibody-antigen 

1 complexes are seen bound to the cell 
surface (closed arrows ) and wit hin intra
cytoplasmic vacuoles (open arrows) in 

~ cultures treated with colchic ine. N = Nu
cleus. Bars = 1 ,um. 

FIG 9. Effect of cytochalasi n-D and 
colch icine in combination on the in ter
nalization of pemphigus antibody by 
neonata l mouse epidermal ce lls at time 
l h. Uranyl acetate stain on ly. Pemphi 
gus antibody- antigen complexes are 
seen bound to the cell surface (closed 
arrows) and within in tracytoplasm ic 
vacuoles (open arrows) . N = Nucleus. 
Bar= lpm. 

that report describes t he t ime-course of the ultrastructural 
injury triggered in t he epidermis of BALB/c mice by i.p. injec
tions of human PV IgG. These include early widening of t he 
ICS, suprabasal cleft fo rmation, separation of desmosomes into 
spli t desmosomes, dissolution and disappearance of attachment 
plaques, perinuclear tonofilament retraction, and intact basal 
cell- dermis attachment. These are all consistent with previ
ously reported findings in spontaneous human pemphigus 
[2,44] and the experimentally induced acantholysis in human 
skin explants [45). It is unclear whether the internalization of 
PV antibody molecules into lysosomes and the dissolution of 
attachment plaques and retraction of tonofilaments described 
above are pathogenetically related. It is conceivable that the 
epidermal acantholysis induced by PV antibodies may go 
through an early detachment process that may be mediated by 
proteases, as suggested by several investigators [15,16,46,47]. 
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However, t he fully developed acantholytic vesicle may repre
sent t he end result of several cytopathologic processes that 
perhaps are operating within the keratinocyte itself, rather 
than in the extracellular milieu alone. 

It is known that antibodies produced against cell surface 
molecules (antigens or receptors) may have numerous and 
profound effects on the cells to which they bind. They may: (a) 
be cytotoxic to these cells in the presence of complement [ 48, 
49], (b) induce antigen ic modulation [50,51], (c) agglutinate 
cells or cell surface domains, resulting in increased numbers of 
microvilli [52-54], (d) impair phagocytosis [55,56], (e) impair 
cell aggregation [57- 59], (f) prevent the restoration of the 
deficient morphology and adhesiveness in transformed cells 
upon the addition of t he deficient cell surface glycoproteins 
[57,60], (g) alter the normal morphology of cells causing them 
to become rounded [54,57], (h) increase cell surface receptor 
t urnover and thus impair receptor function (32,33], and (i) 
activate cell surface proteases [15,16,46,47], including plasmin
ogen activator (61,62 ). It is clear from the present studies and 
those published by others on the pathogenesis of the epidermal 
injury induced by PV antibodies [15,16,46,47] that the acan
tholysis in pemphigus is a phenomenon triggered by autoanti
bodies and that the cell detachment may result from complex 
intracellular and extracellular mechanisms. The present study 
shows that PV antibodies bind a cell surface antigen (receptor) 
and the complex is internalized and fused with lysosomes in a 
process that may have pathophysiologic relevance. 
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