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P emphigus, which is caused by autoantibodies, and bullous impe-

tigo (including its generalized form, the staphylococcal scalded-skin syndrome), 
which is caused by Staphylococcus aureus, are seemingly unrelated diseases. 

However, 200 years ago, astute clinicians realized that these diseases had enough 
clinical similarities to call bullous impetigo and the scalded-skin syndrome in in-
fants “pemphigus neonatorum.”1,2 In this review we explain how a common mech-
anism accounts for the clinical overlap of these blistering diseases of the skin, and 
how the unraveling of the molecular pathophysiology of pemphigus provided the 
clues that were necessary to determine the mechanism of the formation of blisters 
in bullous impetigo and the staphylococcal scalded-skin syndrome. We also discuss 
how this new understanding of the pathophysiology of pemphigus could improve 
the diagnosis and treatment of this potentially life-threatening disease.

Pemphigus

There are two major types of pemphigus, pemphigus vulgaris and pemphigus fo-
liaceus.3 Patients with pemphigus vulgaris present with blisters and erosions of 
mucous membranes and skin. There are two subtypes of pemphigus vulgaris: the 
mucosal-dominant type, with mucosal lesions but minimal skin involvement, and 
the mucocutaneous type, with extensive skin blisters and erosions in addition to 
mucosal involvement (Fig. 1A). Patients with pemphigus foliaceus have scaly and 
crusted superficial erosions of the skin but not of mucous membranes (Fig. 1B).

The blisters of pemphigus vulgaris are characterized by a loss of cell adhesion 
in the deep epidermis, just above the basal layer (Fig. 1C), whereas in pemphigus 
foliaceus, the loss of cell adhesion is in the more superficial epidermis, just below 
the stratum corneum, which is the layer of dead keratinocytes that forms the bar-
rier of the skin (Fig. 1D).

The blood of patients with pemphigus contains IgG antibodies that bind to the 
surface of normal keratinocytes; this binding is shown with the use of immuno-
fluorescence (Fig. 1E and 1F). Immunofluorescence staining also shows IgG anti-
bodies on the surface of the keratinocytes in biopsy specimens of the skin from pa-
tients with pemphigus.

These antibodies, which are autoantibodies because they react with the patient’s 
own cells, are directly pathogenic — that is, they can cause loss of adhesion between 
keratinocytes, which results in blistering. When injected into neonatal mice, human 
IgG from patients with pemphigus vulgaris or pemphigus foliaceus binds to the 
surface of the epidermal keratinocytes (Fig. 1I) and causes blisters (Fig. 1G) with 
the typical histologic features of pemphigus vulgaris (Fig. 1H) or pemphigus folia-
ceus (Fig. 2D).4,5

Therefore, pemphigus vulgaris and pemphigus foliaceus are related in that they 
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are blistering diseases caused by autoantibodies 
that interfere with adhesion between keratino-
cytes. They can be differentiated clinically by the 
presence or absence of involvement of the mucous 
membranes, and histologically by the epidermal 
level where the blistering occurs.

Desmo gleins

Because keratinocyte adhesion is defective in pa-
tients with pemphigus foliaceus and pemphigus 
vulgaris, it was logical to wonder whether the au-
toantibodies in patients with these disorders bind 
adhesion molecules in desmosomes. Desmosomes 
are cell adhesion structures that are especially 
prominent in the epidermis and mucous mem-
branes.6 Transmembrane molecules that were dis-
covered in desmosomes7 belong to two families 
of proteins — desmogleins and desmocollins 
(Fig. 3). Both families are related to cadherins, 
which are known to modulate cell–cell adhesion. 
For this reason, desmogleins and desmocollins 
are now called desmosomal cadherins, which pre-
sumably modulate adhesion within desmosomes.8 
Serum from patients with pemphigus foliaceus 
contains antibodies that bind to desmoglein 1, 
a member of the desmoglein family.9,10 The anti-
gen recognized by the autoantibodies in patients 
with pemphigus vulgaris was cloned by using im-
munostaining with the autoantibodies to identify 
clones from a phage library that expressed pro-
teins from normal keratinocytes. This screening 
showed that the pemphigus vulgaris antigen was 
a previously unknown member of the desmoglein 
family. The antigen was subsequently called des-
moglein 3.11 Thus, pemphigus vulgaris and pem-
phigus foliaceus, which are related but distinct 
diseases, were found to have related but distinct 
autoantigens — desmoglein 3 and desmoglein 1, 
respectively.

Patho genici t y of 

A n tiDesmo glein A n tibodies

Antidesmoglein antibodies cause blisters. The 
injection of affinity-purified autoantibodies against 
desmoglein 1 or desmoglein 3 into mice causes 
blisters with the typical histologic features of pem-
phigus foliaceus or pemphigus vulgaris, respec-
tively.12,13 Furthermore, the gross and microscop-
ical lesions of pemphigus vulgaris can be induced 
in mice by intraperitoneal inoculation of hybrid-

oma cells that produce monoclonal anti–desmo-
glein 3 antibodies.14 In addition, desmoglein 1 or 
desmoglein 3 can adsorb the corresponding patho-
genic antibodies from pemphigus serum.13,15 When 
monitored in individual patients, the titers of anti–
desmoglein 1 and anti–desmoglein 3 IgG autoan-
tibodies in serum, as measured by indirect immu-
nofluorescence or enzyme-linked immunosorbent 
assay (ELISA), generally correlate with disease 
activity.16-18

Pemphigus serum may bind antigens other 
than desmoglein 1 and desmoglein 3, but the clini-
cal significance of these other antibodies is not well 
understood. For example, a subgroup of IgG anti–
desmoglein 1 autoantibodies cross-reacts with des-
moglein 4, but these antibodies have no pathogenic 
effect.19 Antibodies in pemphigus serum can bind to 
other antigens, such as acetylcholine receptors,20,21 
but they have not been shown to directly mediate 
blister formation. Nevertheless, acetylcholine re-
ceptors may modulate disease activity in some pa-
tients who have pemphigus vulgaris.22

Desmo glein Compens ation

Clinically different subgroups of patients with 
pemphigus have characteristic profiles of antides-
moglein antibodies (Table 1).23,24 These auto-
antibody patterns, and the distribution of des-
moglein isoforms in the epidermis and mucous 
membranes, suggest that desmoglein compensa-
tion can explain blister localization in patients 
with pemphigus vulgaris and pemphigus folia-
ceus (Fig. 4).25,26 The desmoglein compensation 
theory rests on the following two observations: 
anti–desmoglein 1 or anti–desmoglein 3 auto-
antibodies inactivate only the corresponding des-
moglein, and functional desmoglein 1 or desmo-
glein 3 alone is usually sufficient for cell–cell 
adhesion.

Desmoglein compensation has been validated 
experimentally in the neonatal-mouse model of 
pemphigus. The injection of anti–desmoglein 1 
autoantibodies into mice in which the desmo-
glein 3 (Dsg3) gene has been deleted causes blister-
ing in areas that are protected from blistering by 
desmoglein 3 in normal mice.26 Conversely, trans-
genic mice that have been engineered to express 
desmoglein 3 in areas that normally express only 
desmoglein 1 are protected from the blistering 
caused by anti–desmoglein 1 antibodies.27 Finally, 
transgenic expression of desmoglein 1 in areas 
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that normally express only desmoglein 3 can at 
least partially correct defective cell–cell adhesion 
due to the genetic loss of desmoglein 3 in knock-
out mice.28 Because the distribution of desmo-
gleins in neonatal skin is similar to the distribu-
tion of desmogleins in mucous membranes, which 
do not blister in pemphigus foliaceus (Fig. 4A), 
desmoglein compensation explains why blisters 
usually do not develop in neonates whose mothers 
have pemphigus foliaceus, even though maternal 
autoantibodies cross the placenta and bind to the 
neonatal epidermis.27

Pemphigus Au t oa n tibodies

a nd L oss of A dhesion 

of K er atino c y tes

Inactivation of desmoglein

Some investigators proposed that pemphigus 
antibodies act by initiating a proteolytic cas-
cade that nonspecifically cleaves cell-surface mol-
ecules.29,30 Subsequent studies, however, did not 
support this hypothesis.31

Other investigations have shown that anti–
desmoglein 3 and anti–desmoglein 1 antibodies 
inactivate their targeted desmogleins with con-
siderable specificity. The lesions caused by these 
antibodies are remarkably similar, if not identi-
cal, to the lesions caused by direct inactivation 
of desmoglein 3 or desmoglein 1. For example, 
the pathological features of the skin of knockout 
mice with an inactivated Dsg3 gene are similar to 
those in patients with pemphigus vulgaris and to 
those in mice injected with anti–desmoglein 3 an-
tibodies.32 And in both mice and humans, exfo-
liative toxin, which specifically cleaves desmo-
glein 1, causes blisters that are identical to the 
blisters caused by the anti–desmoglein 1 auto-
antibodies in cases of pemphigus foliaceus.33 
These findings, together with the desmoglein com-
pensation theory, suggest that pemphigus antibod-
ies inactivate only their targeted desmoglein and 
do not cause a generalized loss of function of cell-
surface adhesion molecules.

Direct and Indirect Effects of Pemphigus 
Antibodies

Whether pemphigus autoantibodies act directly 
or indirectly is controversial. There is evidence that 
pemphigus autoantibodies block adhesion by di-
rectly interfering with desmoglein transinterac-

tions (i.e., interactions of desmoglein on one cell 
with itself or with desmocollins on the adjacent 
cell). Studies have shown that fragments of pem-
phigus autoantibodies that contain only a single 
antigen-binding domain and lack the effector (Fc) 
region of antibodies can induce blisters in mice34-36 
and, because they lack the ability to cross-link cell-
surface molecules, probably interfere directly with 
adhesion. Furthermore, a mouse monoclonal anti–
desmoglein 3 IgG antibody that binds to the N-ter-
minal adhesive interface of desmoglein 3 induces 
pemphigus vulgaris lesions in mice, whereas other 
monoclonal antibodies that react with function-
ally less important parts of desmoglein 3 do not 
cause lesions in mice.14 

Alternatively, the results of a recent study using 
single-molecule atomic-force measurements, a bio-
mechanical method that measures the degree of 
protein–protein binding, suggest that anti–des-
moglein 1 IgG antibodies in pemphigus folia-
ceus serum do not interfere directly with des-
moglein 1 adhesive transinteractions.37 In this 
extracellular system, the binding of desmoglein 
1 to itself was not inhibited by pathogenic anti–
desmoglein 1 antibodies.

Other studies suggest that direct functional 

Figure 1 (facing page). Clinical, Histologic, and Immu-
nopathological Features of Pemphigus.

The skin of a patient with mucocutaneous pemphigus 
vulgaris (Panel A) shows a large erosion surrounded by 
smaller erosions, resulting from unroofing and exten-
sion at the edges of expansive, deep epidermal blis-
ters. In contrast, a patient with pemphigus foliaceus 
(Panel B) has scaly and crusted lesions resulting from 
the breaking of very superficial epidermal blisters. In 
pemphigus vulgaris the intraepidermal blister due to 
loss of adhesion between keratinocytes (acantholysis) 
occurs deep in the epidermis, just above the basal-cell 
layer (Panel C), whereas in pemphigus foliaceus it oc-
curs in the superficial epidermis, just below the stra-
tum corneum (Panel D). Indirect immunofluorescence 
on normal human skin with the use of serum (from a 
patient with mucosal-dominant pemphigus vulgaris) 
containing anti–desmoglein 3 IgG shows staining deep 
in the epidermis (Panel E). Serum from a patient with 
pemphigus foliaceus, containing anti–desmoglein 1 
IgG autoantibodies, stains throughout the epidermis 
(Panel F). The dermal staining indicates IgG that is al-
ways in the dermis of normal skin. Neonatal mice in-
jected with IgG from a patient with mucocutaneous 
pemphigus vulgaris have extensive skin blisters (Panel G) 
with the typical histologic features of pemphigus vul-
garis (Panel H) and in vivo deposition of IgG on kerati-
nocyte surfaces (Panel I).
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inactivation of desmoglein may not be sufficient 
to cause the blisters and that pemphigus autoan-
tibodies may act through a more complex signal-
ing mechanism. The addition of IgG from pem-
phigus vulgaris serum to cultured keratinocytes 

induces a number of signals, including a transient 
increase in intracellular calcium and inositol 1,4,5-
triphosphate, activation of protein kinase C, and 
phosphorylation of desmoglein 3, which in turn 
may lead to the internalization of desmoglein 3 
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from cell surfaces, with resultant depletion of 
desmoglein 3 from desmosomes.38-43 

Pemphigus vulgaris IgG is also reported to 
induce activation of other signaling pathways 
that may result in reorganization of the cytoskel-
eton,44,45 apoptosis of keratinocytes, or both.46 
Further studies are needed to clarify whether such 
signaling is involved in blister formation in vivo, 
because most of the studies on signal transduc-
tion were performed in vitro with the use of cul-
tured keratinocytes.

Bull ous Impe tig o a nd the 

S ta ph y l o co cc a l sc a l ded -sk in 

s y ndrome

Pemphigus neonatorum

A condition of infants that resembled pemphigus 
foliaceus was called pemphigus neonatorum by 
clinicians in the 18th and 19th centuries.1,2 Pem-
phigus neonatorum was actually bullous impeti-

go or the staphylococcal scalded-skin syndrome. 
The observation of the similarities among pem-
phigus foliaceus, bullous impetigo, and the scalded-
skin syndrome was the first suggestion that the 
pathophysiology of pemphigus might also apply to 
the other disorders.

Production of Exfoliative Toxin 
by Staphylococcus

Staphylococcal skin infections are among the most 
common skin diseases in children. Classic stud-
ies more than 30 years ago showed that the blis-
ters in bullous impetigo and the scalded-skin syn-
drome are caused by exfoliative toxin released by 
staphylococcus.47,48 Subsequently, it was discov-
ered that two major serotypes of this toxin, A and 
B, cause bullous impetigo and the scalded-skin 
syndrome.49 In patients with bullous impetigo, 
the toxin produces blisters locally at the site of in-
fection, whereas in cases of the scalded-skin syn-
drome, it circulates throughout the body, causing 
blisters at sites distant from the infection.49 The 
risk of death from the scalded-skin syndrome is 
less than 5% among children, but among adults, 
the syndrome usually occurs in those who have 
renal disease or who are immunosuppressed, and 
the risk of death can be as high as 60%.49,50

Exfoliative toxin injected into neonatal mice 
causes the blisters typical of bullous impetigo and 
the scalded-skin syndrome.48 Exactly how exfo-
liative toxin causes these blisters was controver-
sial for many years. However, when exfoliative 
toxin A and exfoliative toxin B were cloned, they 
were found to have amino acid sequences and 
crystal structures suggestive of serine proteas-
es.51-55 In some crystal solutions this structure 
was slightly irregular in that one peptide bond in 
the catalytic site was rotated 180 degrees in the 
wrong direction to form an active catalytic pocket. 
These findings indicated that exfoliative toxin 
might not be active as a protease unless it bound 
a specific substrate that was able to reform its 
catalytic pocket.

The specific substrate for exfoliative toxin 
remained elusive for several years. However, four 
important clues from studies of pemphigus folia-
ceus indicated that the substrate might be desmo-
glein 1. First, the clinical features of the scalded-
skin syndrome (and its localized form, bullous 
impetigo) (Fig. 2B) resemble those of pemphigus 
foliaceus (Fig. 2A). Second, in cases of the scalded-
skin syndrome, the blisters caused by exfoliative 
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Figure 2. Clinical and Histologic Similarities between Pemphigus Foliaceus 
and the Staphylococcal Scalded-Skin Syndrome. 

Patients with pemphigus foliaceus (Panel A) and those with the staphylo-
coccal scalded-skin syndrome (Panel B) have scaly and crusted superficial 
erosions. Histologic features of the blisters in the staphylococcal scalded-
skin syndrome (Panel C) include loss of cell adhesion in the superficial epi-
dermis, just below the stratum corneum, which is indistinguishable from 
the loss of cell adhesion in pemphigus foliaceus (see Fig. 1D). Neonatal mice 
injected with anti–desmoglein 1 IgG autoantibodies from humans with 
pemphigus foliaceus (Panel D) or exfoliative toxin from S. aureus (Panel E) 
have superficial epidermal blisters with identical histologic features. (Panel 
B courtesy of Dr. Albert Yan, and Panel C courtesy of Dr. Phillip LeBoit.)
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toxin appear only on the skin, not on mucous 
membranes (the same distribution as the lesions 
caused in pemphigus foliaceus). Third, blisters in 
bullous impetigo and the scalded-skin syndrome 
(Fig. 2C) are histologically indistinguishable from 
those in pemphigus foliaceus (Fig. 1D). Finally, 
the injection of pemphigus foliaceus IgG antibod-
ies or exfoliative toxin into neonatal mice causes 
blisters with identical gross and histologic fea-
tures (Fig. 2D and 2E). These clues suggested that 
exfoliative toxin, like pemphigus foliaceus IgG, 
might target desmoglein 1. If desmoglein 1 was 
specifically cleaved by exfoliative toxin, then — 
just as in pemphigus foliaceus — desmoglein 
compensation would account for the localization 
of the blisters in bullous impetigo and the scalded-
skin syndrome only in the superficial epidermis, 
not in mucous membranes (Fig. 4B).

Indeed, studies show that exfoliative toxins do 
cleave desmoglein 1, but not the closely related 
desmoglein 3, on cultured human keratinocytes 
and keratinocytes in the skin of neonatal mice.33,56 
Exfoliative toxin also cleaves recombinant des-
moglein 1, but not desmoglein 3 or the intercel-
lular adhesion molecule E-cadherin, in solution, 
showing a direct proteolytic effect of the toxin. 
Moreover, exfoliative toxin efficiently cleaves a 
particular peptide bond in desmoglein 1 at a cal-
cium-binding site, and its ability to do so depends 
on the conformation of the site ― that is, the 
toxin cannot cleave denatured desmoglein 1.57-59 
The ability of the toxin to cleave desmoglein 1 also 
depends on amino acids about 100 residues up-
stream of the cleavage site. 

These findings suggest that exfoliative toxin 
cleaves desmoglein 1 by the key-in-lock mechanism 
that is common to many proteolytic enzymes with 
limited substrate specificities. This remarkable 
mechanism efficiently targets one molecule — 
desmoglein 1 — that allows staphylococcus to 
grow below the epidermal barrier but superficially 
enough to be contagious by skin contact.

Di agnosis a nd Ther a py

Bullous Impetigo and the Staphylococcal 
Scalded-Skin Syndrome

The staphylococcal scalded-skin syndrome can 
sometimes resemble another widespread blister-
ing disease, toxic epidermal necrolysis, which is 
usually caused by a drug reaction. These two dis-
eases can be differentiated quickly by examining 

a frozen section of a biopsy specimen, which shows 
a superficial epidermal blister in cases of the scald-
ed-skin syndrome and a subepidermal blister with 
necrotic keratinocytes in toxic epidermal necrol-
ysis. Treatment of patients with bullous impetigo 

Figure 3. Desmogleins Targeted by Pemphigus IgG Autoantibodies 
and Staphylococcal Exfoliative Toxin. 

Desmosomes are intercellular adhesive junctions in the epidermis (Panel A) 
with a characteristic electron-microscopical appearance (Panel B). Desmo-
somes contain two major transmembrane components, desmogleins (Dsg) 
and desmocollins (Panel C), which associate with plakoglobin. Plakoglobin 
also binds to desmoplakin, which in turn links intermediate filaments of kera-
tin to the desmosome at the cell surface. In stratified squamous epithelium, 
Dsg1 and Dsg3 are the two major desmoglein isoforms. The exact adhesive 
interactions among desmogleins and desmocollins remain to be elucidated.
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or the scalded-skin syndrome usually consists of 
antibiotics, but one must keep in mind that cases 
caused by methicillin-resistant S. aureus have been 
reported.60,61

Pemphigus

The presence of IgG autoantibodies that bind to 
the keratinocyte surface or desmogleins is the gold 
standard for the diagnosis of pemphigus and its 
differentiation from other vesiculobullous or pus-
tular diseases. Until recently, direct immunofluo-
rescence (on the skin of patients) or indirect im-
munofluorescence (in serum from patients) was 
the standard method of detecting antibodies that 
bind to the surface of keratinocytes. However, 
ELISA with the use of recombinant desmoglein 1 
and desmoglein 3 as antigens is much simpler and 
more quantifiable than immunofluorescence.17,18 
ELISA to identify antibodies against desmoglein 1 
and desmoglein 3 can be used not only for diag-
nosing the type of pemphigus but also for distin-
guishing subtypes of pemphigus vulgaris (Table 
1).23,24 ELISA scores, which show parallel fluctua-
tions with the activity of pemphigus vulgaris and 
pemphigus foliaceus, are useful for monitoring 
disease activity, planning schedules for tapering 
corticosteroid therapy, and predicting flares or re-
lapses before they are clinically evident.17,62

In general, pemphigus is treated by suppress-
ing the immune system to blunt the autoimmune 
response. However, more targeted therapy may 
be possible. For example, recent case reports indi-
cate that rituximab, an anti-CD20 monoclonal 
antibody that targets B cells (lymphocytes that 
mature to antibody-producing plasma cells), can 
be very effective in treating patients with pemphi-
gus that is refractory to more standard immuno-
suppressive therapy.63-65

It might be possible to focus the development 
of new, more specific treatments for pemphigus 
on the autoantibodies themselves, especially if the 

population of pathogenic autoantibodies in the 
disease is not diverse. The extent of their diver-
sity has been studied by phage display, which al-
lows the cloning of monoclonal antidesmoglein 
antibodies from patients with pemphigus. This 
method has been used in studies of one patient 
with pemphigus vulgaris36 and one with pem-
phigus foliaceus (unpublished data); the results 
indicate that the populations of antidesmoglein 
antibodies in both cases were highly restricted, 
as judged by the lack of diversity of heavy chains 
in populations of monoclonal antibodies. This 
finding contrasts with the usual population of 
antibacterial antibodies, which are constructed 
from a large array of heavy chains and light chains. 
The possibility of a common structural pattern 
among pemphigus autoantibodies could have clin-
ical implications for targeted therapy against a 
subpopulation of antibodies, as opposed to the 
suppression of the general production of anti-
bodies.

Finally, understanding how T and B cells con-
tribute to the antidesmoglein response could pro-
vide another basis for therapy. A mouse model of 
pemphigus vulgaris was developed by the trans-
fer of T cells and B cells from Dsg3−/− knockout 
mice, in which desmoglein 3 acts like a foreign 
antigen, into Rag2−/− immunodeficient mice that 
express desmoglein 3.66 The recipients of T cells 
and B cells from Dsg3−/− mice produced anti–des-
moglein 3 antibodies, and pemphigus vulgaris 
lesions developed. T and B cells were necessary 
for both antibody production and blister forma-
tion.67 These results are consistent with increas-
ing evidence of the role of autoreactive T cells 
in regulating the production of pathogenic IgG 
autoantibodies in humans.68-73 Furthermore, des-
moglein 3–specific regulatory T cells were recently 
shown to be involved in the maintenance of pe-
ripheral tolerance to desmoglein 3 in healthy 
persons.74 Thus, manipulation of regulatory T cells 
that are actively engaged in the control of a vari-
ety of physiologic and pathologic immune re-
sponses may provide a promising option for the 
treatment of pemphigus.75,76

Conclusions

Further studies are needed to refine our under-
standing of the pathogenic mechanisms of pem-
phigus. This knowledge will provide the foun-
dation for developing more targeted and better 

Table 1. Antidesmoglein Antibody Profiles in Subtypes of Pemphigus.

Subtype IgG Autoantibody

Anti–Desmoglein 1 Anti–Desmoglein 3

Pemphigus foliaceus Yes No

Pemphigus vulgaris

Mucosal dominant No Yes

Mucocutaneous Yes Yes
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Figure 4. The Desmoglein Compensation Theory and the Sites of Blister Formation in Pemphigus, Bullous Impetigo, and the Staphylo-
coccal Scalded-Skin Syndrome. 

The colored triangles and rectangles represent the distribution of Dsg1 and Dsg3 in the skin and mucous membranes. Anti-Dsg1 IgG 
autoantibodies in serum from patients with pemphigus foliaceus cause superficial blisters in the skin; no blisters form in the lower epi-
dermis or mucous membranes, because Dsg3 maintains cell–cell adhesion in those areas (Panel A). In bullous impetigo and the staphy-
lococcal scalded-skin syndrome, exfoliative toxin (ET) produced by S. aureus acts like Dsg1-specific molecular scissors and exclusively 
cleaves Dsg1 but not Dsg3, resulting in only superficial epidermal blisters, because Dsg3 compensates in other areas (Panel B). Serum 
from patients with mucosal-dominant pemphigus vulgaris contains only anti-Dsg3 IgG, which causes mucosal blisters and erosions 
where there is no significant compensation by Dsg1 (Panel C).
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tolerated therapies for these disfiguring and life-
threatening diseases.
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