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Abstract: An autoimmune response against two hemidesmosomal proteinsin the dermal—
epidermal junction, BP180 and BP230, is the characteristic of bullous pemphigoid (BP), a
blistering dermatosis. BP180 is an extracellular domain-bearing transmembrane glycoprotein, while BP230
is intracellularly bound and associated with the hemidesmosomal plaque. Most BP
patients possess autoantibodies that bind to the noncollagenous 16A domain (NC16A) of BP180, an
immunodominant region of BP180 that is extracellularly located adjacent to the protein's transmembrane
domain. Autoreactive T and B cell responses to BP180in BP patients have been reported. In mice,
a bullous skin disease with a very close analog of human blood pressure is induced by
passive antibody transfer to the mouse BP180 ectodomain. In this model of
animals, the formation of lesions relies on mast cell degranulation, complement activation, and neutrophil
and eosinophil recruitment. Dermal—epidermal separation occurs in cryosections of human skin when
autoantibodies against BP180 are co-incubated with leukocytes. - Granulocytes secrete proteinases
that cause loss of cell-matrix adhesion. The development of new treatment strategies for
BP may be facilitated by our increasing knowledge of its pathophysiology.

Index Terms - Autoimmunity . Bullous pemphigoid . BP180 . BP230 . Hemidesmosome
HUMORAL IMMUNE RESPONSE IN BULLOUS PEMPHIGOID

In BP, the humoral response is usually polyclonal and involves many BP antigen epitopes. Autoantibodies
to the NCI16A domain, the immunodominant region of BP180, are found in most BP
patients'!) Recent studies have demonstrated that memory B lymphocytes specific for the NCI16A
domain are present and can be activated to produce autoantibodies in vitro. 2'These BP180 NC16Aspecific
autoantibodies are mainly representative of the IgE and IgG isotypes and the IgG1 and IgG4 subclasses.**
Clinical observations and experimental data have now well established the autoimmune etiology of BP.
These include: (1) patients have autoantibodies and autoreactive T cells to well-characterized self-antigens;
(2) tissue damage is seen when antibody-antigen complexes are present; and™% (3) in vitro models using
human skin and in vivo animal models recapitulate the critical role of pathogenic autoantibodies in disease
induction.

(3) Autoantibodies from women suffering from gestational pemphigoid can transfer transplacentally to the f
etus, with a resulting, temporary bullous eruption; [7-
141(4) specific HLA genotypes are associated with the disease; [151(5) the severity of
BP correlates inversely with blood levels of autoantibodies to BP180 NC16A;1*!) (6) the disease shows a
response to immunosuppressive treatment. The first passive transfer investigations on the blister-inducing
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potential of autoantibodies in BP were conducted by Sams and Gleich. These experiments were made in
Rhesus monkeys that received plasma from patients with BP for
transfusion. Although they transfused a great amount of BP
plasma, it was not possible to reproduce essential features of BP in any one of the recipients.?’! Similarly,
injection of IgG from BP patients did not cause subepidermal blisters, while pemphigus autoantibodies cause
acantholytic ~ blisters when  IgG  autoantibodies are  injected into  neonatal  mice isolated
from sera of patients.*!l However, if IgG was isolated from the sera of BP patients and was injected
into the rabbit ~ corneas, then there wasa  local  inflammatory  reaction; this did not occur in rabbit
skin. Consequently, one-third of injected rabbits developed subepidermal blisters.!*?l In experimental animals,
pathogenic BP autoantibodies failed to cross-react with the homologous target antigens, a fact that can
explain why all previous attempts at demonstrating the harmfulness of the patient autoantibodies have been
unsuccessful. Alternatively, Liu et al ) prepared rabbit polyclonal antibodies directed against a sequence of
the murine BP180 protein that shares homology to the human BP180 NC16A (mBP180 NCI14A). They
then administered the purified rabbit anti-mBP180 IgG passively into newborn Balb/c mice.
A severe disease that resembled closely human ~ BP developedin ~ the  injected  animals. Similarly,
autoantibodies generated from BP patients which target
BP180 elicit subepidermal blister formation when administered to human skin cryosections.!'!! In contrast,
autoantibodies directed against the cytoplasmic protein BP230 merely induce an inflammatory response in
rabbits following additional disruption of their epidermis.[>> Moreover, in animal models, passive transfer of
anti-BP230  antibodies =~ has  not caused any  pathogenic changes similarto  those induced by
BP. 2% Altogether, these studies have suggested the hypothesis that autoantibodies against the extracellular
domain of BPI180 are  pathogenetically significant while autoantibodies against  intracellular
antigenic epitopes on BP230 (and the intracellular domain of BP180) are a secondary process. 21 On
the contrary, it  was identified that the in situbound antibodies isolated from the skin
lesions of BP targeted BP230 in particular. Amazingly, Kiss et al. recently found that unlike previous studies,
newborn mice injected with rabbit antibodies to BP230 displayed subepidermal splits.

This important finding does lend evidence to the proposal that anti-
BP230 autoantibodies are part of the disease mechanism of BP as it shows them to indeed gain access to
their putative intracellular ~ target  antigen.  [*®! However, more elucidation needs to be provided  to

address the issue of the pathogenic importance of autoantibodies to BP230 and the contributory role of
autoantibodies of varying specificities for the induction of blisters in BP.

CELLULAR RESPONSE IN BULLOUS PEMPHIGOID

Not a lot of mechanisms on how the immunological response is developed in BP is known.
It should be so that peripheral resistance to BP antigens breaks down resulting into BP. Blisters would
develop as the autoantibodies production that would result. T- and B-cell reactivities against BP180
are almost invariably detectable in BP patients, whereas BP230 reactivity is not, and differential epitope
identification of BP180 seems to be associated with different clinical severity: Although restricted BP is
more often associated with the middle region of the BP180 ectodomain, large BP is associated with T- and B-
cell reactivity with the NH2-terminal portion.!*” Normal individuals also had these autoreactive cells. Allele
DQP1*0301 MHC II restricts the response to the BP180 ectodomain. ?*?*'The cytokine profile of the T
cells was a mixed Th1/Th2 profile. *!'These T cells carried the cell surface markers for memory CD4 T
cells. In BP patients, antibodies anti-BP180 and anti-BP230 belonged to the isotype IgG1, IgG4, and
IgE, showing both autoreactive Th1 and Th2 involvement in the control of the BP target antigens' response.
This is because Thl cytokines, like IFNy, can induce the secretion of IgG1 and IgG2, while Th2 cytokines,
like IL-4, IL-5, and IL13, have been demonstrated to regulate the secretion of IgG4 and IgE. B!*2Many Th1
and Th2 cytokines have been shown to have elevated serum levels that correlate with disease activity in people
with high BP.[*¥ Th2 cytokines were produced by most T cell clones that were specific to
BP180. Since patients' peripheral blood contains CD4 positive, primarily Th2-like, autoreactive T-cells that
recognize the ectodomain of BPI180, these results suggestthat BP is a T-cell-dependent
autoimmune disease.[?%->3]
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MECHANISMS OF TISSUE INJURY AND BLISTER FORMATION

The release of proteolytic enzymes, complement activation, inflammatory cell recruitment, and direct
disruption of the autoantigens' ability to adhere are some of the ways whereby BP autoantibodies are believed
to be harmful.

ROLE OF COMPLEMENT SYSTEM

Incubating serum samples from patients with BP with cryosections of normal human skin drew leukocytes
from healthy volunteers to the BMZ and led to their separation in a dermal-epidermal
junction under a microscope. Leukocytes seemed to be necessary for split formation, which appeared to
be facilitated by the addition of fresh human serum as a complement
supply. *¥Many preliminary studies have already established that C3
is deposited directly by immunofluorescence at the BMZ of perilesional skin in virtually all patients
with BP and that BP autoantibodies fix complement in vitro. Immunoelectron microscopy demonstrates both
BP autoantibodies and C3 at the level of immunologically mediated damage: the lamina lucida of the skin.
34l esional skin from BP patients has been found to include elements of both the classical and alternative
routes of complement, such as Clq, C4, C5, C5-9, factor B, BIH globulin, and properdin.[*>3° The fact that
the quantities of individual complement components and of total hemolytic complement in blister fluid from
BP patients areless than those foundin control blister fluids and in these patients'
sera supports further the role of ~ complement  activation.®  Liu et  al. used molecular  and
immunological techniques to further determine whether the complement system is involved in experimental
BP. #1921They demonstrated the following: (1) rabbit antimurine-BP180 IgG could induce cutaneous blisters
in a strain of C5-sufficient mice, but failed to cause disease in the syngeneic C5-deficient strain; (2) Balb/c
mice, pretreated with cobra verum factor to deplete complement, were resistant to experimental BP; (3)
F(ab')2 fragments from the pathogenic anti-mBP180 were unable to cause subepidermal blisters in C5-
sufficient mice; and (4) C5-deficient mice, reconstituted with C5a, were susceptible to experimental BP.
[“IThese research' findings provide strong evidence in support of the theory that complement activation
is required for the induction of subepidermal blisters caused by anti-BP180 antibodies.

ROLE OF INFLAMMATORY CELLS

Immunohistological data has long supported the theory that inflammatory cells promote the subepidermal
blister development in BP caused by anti-BMZ autoantibodies. !/ More than anything else, mast cells,
neutrophils, and eosinophils seem to be crucial in mediating tissue damage.

1. MAST CELLS

Wintroub et al. were the first authors to describe and report the existence of  mast
cells that degranulated in the lesional sites of BP in 1978; subsequent authors reported similar findings.
(44471 Mice administered with ~ pathogenic  anti-mBP180  antibodies  exhibit mast  cell
degranulation within the lesional skin, and thisis just like in the human BP.***! IgE anti-BP180
autoantibodies  have recently been demonstrated to enhance the  degranulation of these cells,
which could help in the formation of lesions. Antigen-specific histamine release is only observed in
patients whose circulating IgE can be detected to react with the noncollagenous stretch of the BP180
ectodomain, NC16A, which is considered to be the major target of IgE class autoantibodies.[**>°! While
pathogenic anti-mBP180 antibodies are able to provoke BP skin disease in wild-type mice and
mice deficient in T and/or B cells, mice devoid of mast cells, macrophages, or neutrophils are resistant to
experimental BP.>!l The pathogenic activity of anti-mBP180 IgG can be restored through reconstitution
with MCs. Complement activation-derived fragments C3a and C5a are shown to elicit MC
degranulation but the absence of C5 completely excludes MC degranulation. (48,
>2l0ther important findings included the fact that MC
activation actually precedes the infiltration of neutrophils and the fact that degranulation-

inhibited MC effectively eliminated blistering. As evidenced by the high levels of histamine, leukotriene
B4, IL-1, IL-2, IL-5, and IL-6, as well as TNF-a in BP blister fluids, MCs can produce a range of
mediators, including leukotriens, platelet-activating factor, TNF-a, MC tryptase, and other cytokines that
have been connected either directly or indirectly to neutrophil influx.!**%3!Furthermore, in MC-deficient
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mice reconstituted with neutrophils, IL-8, or TNFa, pathogenic anti-mBP180 antibodies also cause BP
skin  lesions. *¥ITaken together,  these studies prove that ~MCs  are involved in subepidermal
blistering secondary to pathogenic antimBP180 antibodies. As MCs degranulate, they play a role in
attracting neutrophils into the ~ target  tissue;  hence, after the activation of complement,  they
are the primary effector cells responsible for the inflammatory cascade that leads to blister formation in
BP.

2. NEUTROPHILS

Many studies have demonstrated the significance of neutrophils in the formation of blisters in human
BP and experimental mice. Neutrophils are involved in the separation of the dermal—
epidermal junction in the in vitro cryosection model of BP. 346%67][n this model system, incubation of
human skin with BP serum, complement, and peripheral blood leukocytes results in neutrophil
alignment along the BMZ, leadingto a loss of dermal-epidermal cohesion. Early neutrophil
infiltration in experimental murine BP depends on the activation of the complement system with
subsequent mast cell degranulation.[*>*®! Eliminating neutrophil infiltration ablates subepidermal
blistering and mice with fewer neutrophils are resistant to experimental BP.[®®! Increased inflammation
of the skin occurs after increased
neutrophil recruitment due to further tissue injury caused by additional neutrophil infiltration.[”) This
later, or amplification, stage of neutrophil infiltration is mediated by the release of several
proteases found in blister fluid and lesional skin, which cause local tissue damage to the basement
membrane.’7? It has recently been demonstrated that the B2 integrins have important but distinct
roles in subepidermal blistering in experimental BP, with Mac-1 mainly in charge of amplifying
neutrophil accumulation and apoptosis of tissue-accumulated neutrophils and LFA-1 being absolutely
necessary for neutrophil recruitment.’”®! Clinical blistering requires a threshold of neutrophil
accumulation, and subepidermal blisters are inhibited with a mere 30% decrease in neutrophil influx.
(81 In any case, a direct correlation has  been  established between  the number of infiltrating
neutrophils and disease severity. Studies published recently question the
absolute dependency on granulocytes for the appearance of BP blisters: the passive transfer into
newborn hamsters of rabbit polyclonal antibodies produced against hamster BP180 resulted in the
formation of subepidermal blisters. While complement activation occurred, leukocytes were
not needed for blistering to occur.[*!

3. EOSINOPHILS

Eosinophils appear to play an important role in the pathogenesis and/or progression of BP in
humans. In contrast, neutrophils predominate
at the lesional site in the animal model, whereas eosinophils dominate the inflammatory infiltrate
that characterizes the human disease.!””) Eosinophils are often found at the margin of the dermal—
epidermal junction or dispersed throughout the upper dermis.!’® In addition, the peripheral blood
contains a greater number of eosinophils in many patients. [’} The blister fluid of BP
patients was found to contain high amounts of eotaxin, eosinophilic cationic protein (ECP), and
IL-5. Notably, IL-5 enhances both the growth and activation of
eosinophils.”®7 One of the chemoattractants specific for eosinophils, eotaxin, is expressed by
ibroblasts, but it is produced likely by keratinocytes also, and the movements of eosinophils are
regulated by eotaxin.®” In BP, it was reported that in patients, basophils and Th2 cells exhibit
high levels of the particular receptor for this chemoattractant, namely CCR3. At the level of the
BMZ's lamina lucida, IL-5 and eotaxin are thought to enhance the inflammatory response
and assist in the influx of granulocytes, which in turn cause the separation of the epidermis and
dermis through the release of proteinases or cytotoxic agents like eosinophil major basic protein
(MBP) and ECP [4>81]
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ROLE OF PROTEOLYTIC ENZYMES

High levels of proteolytic enzymes like neutrophil elastase (NE), cathepsin G, collagenase, plasminogen
activators, plasmin, MMP-2 or gelatinase A, MMP-9 or gelatinase B, and MMP-13 have been identified in
blister fluid and lesional/perilesional biopsies from patients with BP.[*2°° These enzymes are released into the
extracellular space when a cell is activated. Neutrophils and eosinophils specifically express MMP-9 and NE,
which are thought to proteolytically degrade a wide range of extracellular matrix proteins in addition to the
extracellular domain of BP180. [¥°!l Experimental BP does not impact mice with NE or MMP-9 genetic
deficiencies. A functional link between MMP-9, NE, and the plasminogen/plasmin system is revealed by
dissecting proteolytic processes in experimental BP. %71 MMP-9 is mainly initiated by
plasmin in early stages of blisters. A plasminogen activators tPA/uPA generate a plasmin from
plasminogen, and auto-antibody to BP 180 has now been shown also to directly to modify the activity of
tPA expression by human keratinocyte in  culture, apart from being activated by aplasmin, MMP 9
can further be activated with the help of the MCspecific serine proteinase MCP4, chymase. [***#Activated
MMP-9 allows NE to freely act by enzymatically inactivating the physiological inhibitor of NE, al-
proteinase inhibitor. [721These results indicate that the dermoepidermal junction
separates because of the direct action of proteolytic enzymes generated from inflammatory cells against the
BMZ.

ROLE OF DIRECT MECHANISMS

BP usually develops blisters through humoral and cellular processes, unlike pemphigus and anti-laminin 5
mucous membrane pemphigoid. However, it has been proven that autoantibodies
may not require the Fc parts of antibodies but the variable sections to self-aggregate and interfere with cell-
matrix

adhesion. The simple attachment of the antibody to the BP180 ectodomain might cause blister formation by

interfering with the functionality of these molecules through competing
with the natural ligand and inhibiting the important binding sites along the BP180  antigen.[*’!  Actually,
autoantibodies from BP patients are mainly of the noncomplement fixing IgG4 subclass; IgG1 subclass
autoantibodies are also present, although in smaller quantities.[*>*®! It is interesting that IgG4 from BP
patients, like IgG1, was recently shown to induce dermal-epidermal separation in-human skin cryosections
and to recruit and activate leukocytes to the basement membrane.”! Autoantibodies may also directly cause
blisters by activating intracellular signaling pathways that cause hemidesmosomal disintegration or the
production of pro-inflammatory cytokines. Autoantibodies to BP180 have recently been shown to directly
alter the production of IL-6 and IL-8 in cultured human keratinocytes./**! However, more work is needed to
determine the pathogenic significance of these distinct functions in BP

CONCLUSION:

In conclusion, humoral and cellular immune reactions both play a role in the pathogenesis of Bullous
Pemphigoid (BP), a multifactorial autoimmune disease. One of the central elements in the disease process
is autoantibodies against the BP180 protein, especially its NC16A domain. Autoantibodies induce tissue
damage and blister formation by activating the complement system and attracting inflammatory
cells like neutrophils, eosinophils, and mast cells. In addition, these cells release proteolytic enzymes
that degrade the extracellular matrix, which further increases the loss of dermal-epidermal adhesion.
The intensity of BP is also determined by T-cell responses, i.e., Thl and Th2
cytokine patterns. While complement activation plays a crucial role, blistering can also occur due to direct
antibody-mediated disruption of cell-matrix adhesion. Overall, BP is an immune-mediated process and an
intricate one, and to make customized therapies means having a deeper understanding of its
pathophysiology.
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