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Abstract. Bullous pemphigoid (BP) is the most frequent
subepidermal autoimmune blistering disease and is caused
by autoantibodies directed against two principal antigens of
the hemidesmosome, BP antigen 180 and BP antigen 230. The
pathogenesis of BP is dependent upon the interaction between
genetic predisposition, physiological skin alterations due to
aging and specific triggers. Several triggers have already been
reported to induce this disease and include drugs, thermal or
electrical burns, surgical procedures, trauma, UV radiation,
radiotherapy, chemicals and infections. Data from the current
literature support the hypothesis that alterations of the skin
barrier associated with aging increase individual susceptibility
to these aforementioned triggers. Consequently, this has been
reported to lead to the attack of autoantibodies, demonstrating
the predilection of BP for the elderly population. The iden-
tification of triggering factors and comorbidities may aid in
understanding the pathogenesis of BP and improve clinical
management by encouraging their prompt recognition and
removal. Moreover, the present review has indicated that
current management of BP should be aimed at counteracting
the detrimental effects of aging on the skin by restoring skin
barrier integrity and maintaining cutaneous homeostasis, for
example with systematic applications of topical emollients and
photoprotection. This strategy could prove even more benefi-
cial in the elderly, in which frequent comorbidities associated
with age often narrow available immunosuppressive treatment
options. Furthermore, the safety of treatment regimens may
significantly affect outcome and prognosis.
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1. Introduction

Autoimmune bullous diseases are a significant cause of
morbidity and mortality, particularly in the elderly popula-
tion. Given the advancing age of the general population,
the incidence of these disorders, particularly that of bullous
pemphigoid (BP), is expected to increase. BP is one of the most
frequent subepidermal autoimmune blistering diseases that
predominantly affects individuals aged >60 years (1). BP is
a chronic condition that may resolve spontaneously, although
it may take years before remission. The mortality rate of BP
is mainly dependent on the age of onset and on the systemic
therapies prescribed, rather than on the extent and severity of
BP itself.

The typical clinical presentation consists of tense bullae of
variable dimensions with clear or hemorrhagic fluid content,
forming on erythematous or occasionally on apparently healthy
skin (2). The blisters of BP have a high breaking strength and
can persist for a few days before rupturing, leaving eroded
and crusted areas. These lesions are commonly observed in
the lower abdomen, in the anterior and inner thighs and in
the flexor region of the forearm, and they are associated with
intense itching (3). In certain cases, in which erythematous
lesions are predominant, the patient may present with wide-
spread urticarial lesions and no blistering, particularly in the
early stages of the disease. Mucous membranes are affected in
only a minority of the patients, ranging between 10 and 35%,
and the buccal mucosa is mainly involved, displaying blisters
or erosions which are generally non-scarring and limited to
small parts of mucosa (4).

BP is a complex multifactorial disorder that is common
in elderly patients (5). In the present review, the disease
mechanisms and related triggers and comorbidities of BP have
been explored, with the aim of highlighting conditions that
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are typically found in elderly patients. The alterations in skin
barrier integrity and immune system function associated with
aging, which may increase susceptibility to BP in the elderly,
are also described.

BP is the most frequent autoimmune blistering disorder,
with a reported prevalence of >250 patients/million indi-
viduals and an incidence rate of 43 cases/million annually
for the general population in the United Kingdom (6,7). It
is traditionally considered a disease of the elderly, with the
average age of onset ranging from 66-83 years. Furthermore,
the incidence rate of BP increases exponentially with age,
reaching ~190-312 cases/million each year when considering
only individuals over the age of 80 (8). A 300-fold risk increase
in developing BP has been estimated in patients aged over
90 compared to individuals of 60 years or younger (9).

BP is a prototypical model of antibody-mediated immune
disease. Pathogenic IgGl and IgG4 autoantibodies are
primarily directed against BP antigen 180 (BP180) and BP
antigen 230 (BP230), two hemidesmosomal proteins that are
components of the dermoepidermal junction (10). The main
disease antigen is BP180, also known as type XVII collagen,
which is a type II transmembrane protein of the hemidesmo-
some. However, BP230 is an intracellular cytoplasmic protein
and there is controversy as to whether anti-BP230 IgG alone
can cause BP (11).

The binding of autoreactive IgG antibodies to BP230
and BP180 antigens initiates a cascade of immunological
events, which are detailed in Fig. 1. Complement activation
promotes inflammation by summoning leukocytes, mast
cells and other immune cell populations to affected skin
sites. These cells trigger the release of cytokines, proteases
and lysosomal enzymes, which leads to the destruction
of hemidesmosomes, exposure of neo-antigens and, ulti-
mately, to the formation of blisters (12). Previous studies
have reported that anti-BP180 IgE autoantibodies are also
observed in patients with BP (13,14). Autoimmune IgEs are
considered to synergize with self-reactive IgGl and IgG4,
leading to complement activation, mast cell degranulation
and the release of leukotrienes, platelet-activating factor,
TNF and other cytokines. Neutrophils and eosinophils
recruited to skin lesion sites release proteolytic enzymes,
which impair adhesion molecules and contribute to
subepidermal blistering (15).

Although the underlying cause of BP resides in autoim-
munity, to the best of our knowledge, it is not known how this
loss of self-tolerance occurs and why the elderly population is
almost exclusively affected (9). An increase in autoantibody
levels is observed with increasing age and may be related
to loss of tolerance (16,17). However, with the exception of
specific disorders, including BP, the incidence of autoimmune
disease in the elderly population is not as high as could be
expected.

These observations support the hypothesis that BP is not
exclusively dependent on the autoantibodies produced against
skin structural proteins, but also requires the development of
skin barrier abnormalities. These changes associated with
aging, on a background of genetic predisposition, would
make elderly subjects susceptible to the action of triggering
factors, leading to the exposure of normally sequestered
antigens (18).

2. Triggers of BP

Known triggers of BP include drugs, topically applied prod-
ucts, such as wound dressings, vaccines, viral infections,
physical factors, such as UV radiation, radiotherapy, surgery
and neurological or cardiac disorders.

Drugs. BP has been frequently associated with systemic
therapy. The pathogenesis of drug-induced BP is poorly under-
stood and, in most elderly patients, particularly in the context
of polytherapy, it is difficult to establish the triggering role of
a specific drug. A complex and multifactorial pathogenesis
involving numerous immunological mechanisms has been
hypothesized for drug-induced BP. According to the ‘two-step’
theory, interactions among the immune system and two
different drugs displaying similar molecular structures could
represent the first and second hit, triggering and enhancing an
immune reaction leading to the onset of BP (19). The literature
provides an example of ‘two-step’ induction following intake
of captopril and, subsequently, of enalapril. While both drugs
are ACE inhibitors, the former also contains a thiol group.
The first onset of blisters after captopril is attributed to acan-
tholysis induced by a thiol drug, while relapse after enalapril
is associated with the production of autoantibodies and acti-
vation of the kinin system caused by the drug (20). Another
theory considers the interaction between sulfhydryl groups of
hemidesmosomes/components of the basement membrane and
sulfur-containing drugs, whereby the integrity of the dermo-
epidermal junction is disrupted, which could lead to exposure
of hidden antigenic sites (21). Furthermore, certain oncological
treatments, such as monoclonal antibodies against programmed
death-1 and its corresponding ligand, act by inactivating endog-
enous immunoregulatory checkpoints of T-cell function and
they are associated with the development of immune-related
adverse events, including cutaneous autoimmune blistering
disorders (22). Finally, the emergence of BP following admin-
istration of vaccines has been reported in the literature. It has
previously been hypothesized that, in predisposed subjects, the
inflammatory response following vaccination may promote a
conformational change of the dermoepidermal junction and
expose hidden epitopes or antigens triggering the production of
specific anti-basement membrane antibodies (23).

Infections. Viruses can interact with B and T lymphocytes,
stimulating the production of antibodies and the secretion of
IL-4 and IL-10, which determines the switch from T helper
type 1 cell (Thl) to T helper type 2 cell (Th2) immunity.
Pathogen-induced antibodies may cross-react with shared
epitopes on host cells. Furthermore, viruses may induce
autoimmunity by directly infecting keratinocytes, exposing
hidden epitopes or modifying the expression of existing
antigens (24). Host cell fragments can also become inserted
into viral envelopes and be presented as novel antigens to the
host immune system (24,25). Moreover, cases of BP triggered
by Sarcoptes scabiei infestation have been reported. This
suggests that parasitic diseases may contribute to the onset of
BP, which may be a result of Koebner's phenomenon (26).

Physical factors. The onset of BP has been observed following
exposure to numerous physical triggers, including trauma,
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Figure 1. Recognized mechanisms of blister formation in bullous pemphi-
goid. Ab, antibodies; DEJ, dermoepidermal junction; BP180, BP antigen 180;
BP230, BP antigen 230.

surgery, thermal or electrical burns, UV exposure, radiation
therapy and photodynamic therapy. The association of BP with
radiotherapy, as well as that with thermal or electrical burns,
has been documented in a study (27). The irritant mechanism
of certain topical drugs on the skin, such as benzyl benzoate,
or allergic contact hypersensitivity, for example by 5-fluoro-
uracil, have been considered as possible triggers for the onset
of BP (28). BP can also be induced by UV radiation or photo-
dynamic therapy, both of which are established skin-directed
treatment approaches in dermatology (29-33). This hypothesis
has been investigated in animal models, which demonstrate
that UV irradiation leads to the development of severe inflam-
mation and blisters in subjects with circulating autoantibodies
against BP180 or BP230 (34,35). Furthermore, underlying
alterations of the basement membrane which are associated
with preexisting skin disorders such as psoriasis, are hypo-
thetical predisposing factors (36-38). In patients with psoriasis
treated using narrow-band UVB radiation therapy, BP lesions
have been reported to develop over pre-existing psoriatic
lesions, leading to the hypothesis that UVB- and psolaren
UVA-induced antigenic changes in psoriatic skin may trigger
blister formation (39,40). The pathogenetic mechanisms by
which other environmental physical agents could cause or
exacerbate BP are unclear. Previous studies have reported that
trauma-induced tissue rupture may lead to the exposure of
previously masked antigens and the development of autoan-
tibodies directed towards the basement membrane (29,41,42).
Following physical trauma, the damaged tissue may release
a variety of pro-inflammatory factors that contribute to the
recruitment of circulating inflammatory cells. This would
result in the activation of granulocytes and the complement
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pathway and may lead to the production of antibodies and,
finally, blistering (12).

3. Comorbidities of BP

An association has been highlighted between BP and a
number of conditions, including autoimmune, neurolog-
ical (43-51) and cardiovascular disorders (47,51-56), as well as
tumors (47,51,57-60). These are listed in Table I. The asso-
ciation between BP and certain neurological diseases could
be explained by the fact that damage to brain cells exposes
neural antigens. These molecules may lead to the production
of cross-reactive autoantibodies against antigens of the skin
basement membrane (18).

BP has also been associated with other autoimmune
diseases, including lupus erythematosus, lichen planus,
membranous nephropathy, pernicious anemia, thyroiditis,
primary biliary cirrhosis, multiple sclerosis, psoriasis and
polymyositis (61-65). The onset of BP in patients with psoriasis
may be a result of a series of epigenetic events involved in
the psoriatic inflammatory cascade (66). Moreover, basement
membrane changes in psoriasis make the patient more suscep-
tible to autoantibody formation. Furthermore, an increase in
chemokine C-C motif ligand (CCL) 28 and T helper type 17
cell (Th17) serum levels has been demonstrated in psoriasis
as well as in BP (67). This is consistent with the concept that
IL-17-producing Th17 cells are involved in the secretion of
pro-inflammatory cytokines and MMPs and in the recruitment
of neutrophils and eosinophils, all of which are important
factors in the pathogenesis of BP (66).

4. Aging

The epidemiology of BP clearly shows that this is a disease of
the elderly. Its triggers and comorbidities have been reviewed
thus far, highlighting their association with advanced age. The
following sections focus on the immune mechanisms associ-
ated with aging that contribute to the induction of BP. Aging is
accompanied by a gradual remodeling of the immune system
called immunosenescence. Immunosenescence is the process
of immune system dysregulation, which is characteristic of
elderly patients and gives rise to the following three events:
i) A reduction in the immune response; ii) an increase in
autoantibody production; and iii) chronic, sterile, low-grade
inflammation (68).

In elderly individuals, low affinity immunoglobulin
production increases, as do the serum levels of IgG1 and IgG4.
Chronic production of cytokines and the associated low-grade
inflammation is typical of elderly patients and could possibly
serve as a stimulus for the onset of autoimmunity (69).
Furthermore, persistent infections commonly develop in
old age. Infectious agents, in the context of a dysregulated
immune system, may provide foreign antigens that cross-react
with self-antigens displaying similar sequences. It has also
been observed that CD4* CD25" regulatory T cells decrease
with age and, therefore, their protective mechanism against
the development of autoimmunity may become gradually
compromised (70).

Considering its anatomical characteristics and defensive
role against the external environment, the skin serves as
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Table I. Classification of comorbidities reported in association with bullous pemphigoid.

Classification

Disease

(Refs.)

Autoimmune diseases

Psoriasis

(61-66)

Rheumatoid arthritis
Lupus erythematosus
Lichen planus
Polymyositis

Thyroiditis

Pernicious anemia
Primary biliary cirrhosis
Membranous nephropathy

Neurological diseases

Parkinson's disease

(43-51)

Alzheimer's disease

Stroke

Dementia

Multiple sclerosis

Epilepsy

Schizophrenia

Cardiovascular diseases
Stroke

Hypertension

(47,51-56)

Venous thromboembolism
Pulmonary embolism

Neoplasms

Kidney cancer

(47,51,57-60)

Laryngeal cancer
Hematological malignancies

a barrier organ. It is not merely a mechanical barrier, but a
complex immune organ, hosting both innate and adaptive
immune functions, with the physiological role of protecting
the organism from infectious or inflammatory diseases. The
process of aging is particularly evident in the cutaneous
compartment, which is vulnerable to intrinsic alterations and to
lifelong environmental exposure (71). Intrinsic factors mainly
include hormonal changes, such as those related to menopause,
ethnicity, which affects pigmentation and lipid proportions, and
stress, which may exaggerate degenerative processes (72-74).
The influence of the environment on skin aging is mainly
dependent on air pollutants and sunlight (75,76).

5. Skin changes associated with aging

Skin aging is a slow, complex process resulting from the
interplay of cellular, molecular and genetic factors. Different
cutaneous layers undergo progressive morphological and
functional changes that alter the appearance and mechanical
behavior of the skin (77). The principal changes that make
elderly individuals more susceptible to mechanical injury, alter
the skin microbiome and impair skin barrier immune function,
contributing to the onset of chronic low-grade inflammation,
are summarized in Table II.

Senescence of the epidermis is accompanied by a dull
appearance, pigmentation and dehydration (77). The epidermis
of aged skin exhibits an overall decreased thickness, whereas
that of the basement membrane may increase up to 50% with

aging. However, collagen I'V content is decreased in the base-
ment membrane, reflecting a reduction in tissue turnover (78).
Keratinocytes acquire degenerative morphological changes
due to a loss of epidermal cell stemness, as well as reduced
support and nutrition from the underlying dermis (79). A
thinning of the epidermis, with atrophy of the keratinocytes,
consequently leads to increases in trans-epidermal water
loss and skin dryness (80,81). Melanocytes are responsible
for cellular hyperpigmentation of senescent skin due to an
enhanced dihydroxyphenylalanine reaction following chronic
irradiation (82).

Dermal alterations are a result of UVA-induced photo-
aging, mediated by an increase in cellular reactive oxygen
species and a decrease in the thickness of the dermis, elastosis
and fibroblast apoptosis. These aforementioned factors are
responsible for wrinkles, dehydration, scar formation and skin
susceptibility to trauma (83,84). A decrease in the number
and size of dermal fibroblasts has been demonstrated to be
associated with skin thinning and the reduced production of
pro-collagen (85). Moreover, an accumulation of senescent
dermal fibroblasts is known to occur with aging and is clas-
sically defined by the expression of cyclin-dependent kinase
inhibitor 2A in the skin of elderly individuals and mice (86-88).
Senescent fibroblasts are characterized by irreversible cell
growth arrest and changes in the levels of secretory proteins
involved in inflammation and matrix degradation. Secretion
of proinflammatory mediators, such as IL-8, IL-6, TNF and
CCL2, is upregulated and sustains chronic inflammation (89).
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Table II. Changes in cutaneous barrier function and local skin
immunity associated with aging.

Skin function Associated change

Inflammation 1 Senescent cells

1 Cytokines of inflammaging

T MMP production (with ECM degradation)
Phagocytosis | TNF production

| LC number

| LC migration

| Response to antigens

1 FOXP3 regulatory T cells

(inhibit antigen-specific immunity)

1 Inhibitory receptors

| ECM production by fibroblasts

| Ability of fibroblasts to differentiate
| Dermal white adipose tissue

T cell function

Stromal support

ECM, extracellular matrix; FOXP3, forkhead box P3; LC, Langerhans
cell;T, increase; |, decrease.

Furthermore, increased expression levels of MMPs, including
MMP-1, -3 and -9, in senescent skin decreases the total amount
of collagen and is also responsible for the fragmentation of
elastin, which results in reduced skin elasticity and classic
signs of skin aging, such as wrinkles (90). Elastin is an inert
protein that forms during early development and is not replen-
ished, so any loss in elastin that occurs throughout life tends
to be irreversible (91). In photoaged skin, collagen and elastin
content are both reduced by ~50%, which means that hydra-
tion, tensile strength and elasticity are compromised (92). The
dermis also hosts sweat glands that, although they may show
atrophy, generally continue to function in elderly individuals.

With advancing age, wasting of subcutaneous adipose
tissue is observed due to a reduction in the number of white
adipocytes (93). This change affects the mechanical protec-
tion as well as antimicrobial defense that is physiologically
provided from dermal fat in response to infection (94). Dermal
adipocytes may promote innate immunity through production
of antimicrobial peptide cathelicidin, and may support adap-
tive immunity by providing a hub for memory T cells (95).
The enhancement of transforming growth factor b pathway in
the elderly is largely responsible for this age-dependent loss of
immune protection from dermal fat (94).

Immune compartments of the skin are impaired
following changes in Langerhans cell function, weakening
of antigen-specific responses and modification of regulatory
T-cell populations (96). These changes occur in the context of
chronic low-grade inflammation that is typical of senescence
and has been defined as ‘inflammaging’. Potential markers of
inflammaging include C-reactive protein, which is characteris-
tically elevated in the serum, and IL-1p, the elevation of which
is associated with increased morbidity and mortality in elderly
patients (69). Macrophages may also contribute to the develop-
ment of inflammaging due to structural changes in the skin,
such as thinning. These innate immune cells are more easily
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exposed to pathogens leading to chronic activation and cyto-
kine production (97). Moreover, the accumulation of senescent
cells was also shown to contribute to increased inflammation
in the elderly (98).

In summary, changes impairing the physical, chemical
and immunological barrier function of the skin are all likely
culprits responsible for susceptibility to BP in genetically
predisposed elderly individuals who have been exposed to
specific triggers.

6. BP and aging

Aging significantly alters the anatomy and function of the
skin. A triggering factor on damaged skin easily destroys
keratinocytes via necrosis or necroptosis, releasing into the
extracellular space intracellular components that act as auto-
antigens (99). BP180 and BP230 are autoantigens taken up by
specialized antigen presenting cells (APC), which express the
class II major histocompatibility complex. APCs present to
self-reactive T cells leading to an adaptive immune response
and the release of pro-inflammatory cytokines from activated
T cells (100). Subsequently, this leads to an increase in co-stim-
ulatory receptors on the surface of APCs and to the activation
of autoreactive autoantibody-producing B cells. Furthermore,
certain molecules released following cell damage may behave
as autoantigens and endogenous Toll-like receptor (TLR)
ligands. TLRs and B-cell receptors can be directly activated
triggering the secretion of autoantibodies. These antibodies
must then acquire pathogenicity by performing a class switch
from IgM to IgA or IgG. Damaged keratinocytes also release
additional self-antigens that contribute to the production of
new autoantibodies and further impairment of the skin barrier,
which establishes a perpetual cycle of tissue damage and
autoantibody production (10,14).

7. Conclusion

The pathology of BP results from the complex interaction of
multiple mechanisms, including genetic predisposition, skin
barrier changes, immunosenescence and triggering factors.
The epidemiology of BP displays a predilection for elderly
individuals. In the present review, the triggers and comor-
bidities associated with BP have been described, highlighting
conditions that are typically found in advanced age. Moreover,
the effects of aging on skin barrier integrity and the role of
immune system function in BP susceptibility were investigated.

The present review has indicated that the management of
BP should be aimed at removing potential triggers, treating
concomitant disease conditions and counteracting the detri-
mental effects of aging on the skin. The latter objective may be
achieved by improving skin barrier integrity and maintaining
cutaneous homeostasis, for example with systematic applica-
tions of topical emollients and photoprotection. Furthermore,
immunosuppressive treatment for BP must be tailored
according to the presence of comorbidities, age and overall
clinical conditions of each patient (101).

In conclusion, restoring skin barrier integrity should be
a treatment goal for all patients with BP. This strategy could
prove particularly beneficial in elderly individuals, in whom
frequent comorbidities associated with age often limit the
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availability of treatment options. Moreover, the safety of regi-
mens can markedly affect outcome and prognosis.
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