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Pruritus increasingly occurs in the elderly population and is associated with a
variety of dermatoses of mixed aetiology. Clinical and experimental evidence sug-
gests that senile pruritus may be linked to autoimmune events initiated by loss of
self-tolerance against cutaneous autoantigens, which is facilitated by immune
ageing processes. T-cell immunity, which underpins the production of patho-
genic autoantibodies in autoimmune diseases, is deregulated by immune senes-
cence thereby leading to autoimmune disorders such as bullous pemphigoid
(BP). High mortality rates of BP combined with steadily increasing incidence
emphasize the need for an effective diagnostic strategy at an early stage. We sum-
marize here the current understanding of immunological alterations during the
ageing process, thereby focusing on aberrant T-cell responses against the base-
ment membrane antigens BP180 and BP230, which may eventually lead to the
clinical outcome of BP.

What’s already known about this topic?

e Immune senescence has been linked to an increased risk for the development of
autoimmune diseases.

e Diverse studies have found an association between pruritus of the elderly and the
appearance of bullous pemphigoid (BP)-specific IgG autoantibodies.

What does this study add?

e We summarize the reports on immune senescence and the development of BP.

e We reconcile the reports linking pruritus of the elderly and the appearance of BP-
specific IgG autoantibodies.

e We summarize what is already known about a possible connection of pruritus of
the elderly and the later development of BP.

Ageing is associated with a loss of skin homeostasis. This pro-

cess is linked to an increase of epidermal surface pH, which

leads to a reduced activity of lipid-forming enzymes thus lead-

ing to a decrease in the production of ceramide in the stratum
1,2 - .

corneum. In addition, aquaporin-3, a water membrane

channel that supplies glycerol to the stratum corneum, shows
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reduced expression with increasing age leading to a decrease
of skin hydration.®> These and other age-related changes lead
to a decrease of lipid formation capacity and fluid loss, which
strongly affects epidermal barrier function and may contribute
to the development of senile pruritus."** Age-associated neu-
ropathic changes in peripheral nerves additionally contribute
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to pruritus sensation due to decreased touch and pain thresh-
olds.® Finally, alterations in the immune system represent a
further critical event that might support the development of
idiopathic pruritus in the elderly.”

Numerous inflammatory cell types are involved in an ongo-
ing ageing process of the immune system also known as
immune senescence. This process leads to a general decline of
immune function and is associated with increased incidence
of infectious diseases, malignancies and autoimmune disor-
ders. The main features of immune senescence include a
reduction of innate and adaptive immunity components and a
pathological shift towards a proinflammatory phenotype with
chronically elevated levels of interleukin (IL)-6 and tumour
necrosis factor (TNF)-o..* '

Here, we focus on age-related changes in the different T-
cell subsets representing a central cell type in the development
of the autoimmune disorder bullous pemphigoid (BP)'* as a
prototype of an IgG-mediated autoimmune disease. Further-
more, the review deals with a potential connection of BP and
the development of ‘senile pruritus’, as BP represents a
classical disease of the elderly with pruritus as a cardinal

14
symptom.

Ageing and T-cell function

A central mechanism of T-cell homeostasis during the ageing
process is thymic involution, a process that involves a steady
decrease of T-cell regeneration, which starts as early as 1 year
after birth and continues throughout the entire life span.'®'®
Cardinal features of reduced thymic function include a reduced
T-cell receptor (TCR) repertoire and a diminished release of
naive CD4 T cells and CD8 T cells."*''”*° Furthermore, the
naive CD4 T-cell subset exhibits a prolonged lifespan, reduced
responsiveness to antigen stimulation and a shift towards a
T-helper (Th) 2 cytokine profile.”"** In contrast to the naive
CD4/CD8 population, the frequency of memory CD4/CD8 T
cells increases with age.”> ** The exact mode of action of age-
related changes in CD4 T-cell function is unclear and includes
presumably TCR signalling and proliferative responses.”® ”®
Age-related alterations of CD8 T cells include a decrease of
proliferative capacity and impaired cytotoxicity, manifesting as
a diminished immune defence against viral infections in elderly
individuals.”

T regulatory (Treg) cells play a central role in the mainte-
nance of peripheral T-cell tolerance against self and foreign
antigens by suppressing the effector functions of various T-
cell subsets. Treg cells appear to function at a diminished
Zhao et dl.
CD4'CD25" Treg cells transferred from old to young mice

capacity with ageing. demonstrated  that
were less effective at suppressing delayed-type hypersensitiv-
ity reactions than Treg cells taken from syngeneic young
mice.>° Moreover, Treg cells taken from young and old
individuals did not exert a different inhibitory effect on the
proliferative response of effector T cells. Of note, Treg cells
from elderly individuals led to a decrease in the production

of the anti-inflammatory cytokine, IL-10, but overall, there
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was an increase in the quantity of Treg cells in blood, lym-
phoid tissue and skin.**?

Th17 cells form a distinct proinflammatory T-cell subset
that is characterized by the production and release of IL-17
and IL-21. Th17 cells provide a link between adaptive and
innate immune responses and are associated with several auto-
immune disorders such as rheumatoid arthritis, psoriasis and
multiple sclerosis.®* As IL-17~/" mice are not susceptible to
the induction of experimental autoimmune encephalomyelitis

and collagen-induced arthritis,“‘35

this T-cell subset appears
to play a central role in the development of several autoim-
mune disorders. Lee et ad. showed a decreased frequency of
Th17 cells in the peripheral blood of elderly individuals®® that
is caused by a decreased IL-17 production by memory CD4"*
T cells. In contrast, naive CD4" T cells show an increase in IL-
17 production. Sun et al. showed that Treg cells from elderly
mice showed a lower capacity to inhibit IL-17 production in
comparison with younger mice.”” Despite the decrease in
Th17 cells, the inability of Treg cells to adequately control IL-
17 production leads to a proinflammatory state in the elderly.
Thus, while immune senescence is associated with a chronic
inflammatory state, impaired Treg-cell function leads to a
poorly regulated proinflammatory environment that is critical

. R . 38
in maintaining immunological tolerance.

Ageing and immune tolerance

During the ageing process, thymic activity greatly declines.
This is demonstrated by the significantly decreased frequency of
T-cell-receptor excision circle (TREC') cells in the elderly
population.zo TREC is a representative marker for immune regu-
lation in the thymus. In rheumatoid arthritis, the frequency of
TREC" cells is much lower compared with age-matched healthy
individuals, strongly suggesting that the autoimmune pathology
is caused by a loss of central immune tolerance, i.e. a failed
negative selection in the thymus.*’

In murine models of lymphopenia-induced proliferation,
high-affinity, autoreactive T cells exhibit an enhanced prolifer-
ation in comparison with T cells that bear a low-affinity TCR,
resulting in a clonal dominance of self-reactive T cells over

. 40,41
time.

The peripheral selection of autoreactive T-cell
clones, which have an increased susceptibility to growth fac-
tors such as IL-7, leads to a T-cell repertoire in which the pro-
portion of autoreactive T cells steadily increases with age.*”
Additionally, terminally differentiated CD45RA" CD28~ mem-
ory T-effector cells accumulate and contribute to the manifes-
tation of autoimmune disorders in an antigen-dependent and
independent manner.*> This process of age-related changes of
the immune system in addition to immune phenomena such
as molecular mimicry** and environmental factors enhances
the loss of immunological self-tolerance and eventually leads
to the outcome of autoimmune disorders.*>*¢

In autoantibody-mediated autoimmune diseases, the close
interaction of autoreactive T cells and B cells is critical. The
development of autoreactive B cells is a common process, but,

similar to T-cell selection in the thymus, distinct B-cell
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populations are usually eliminated or undergo functional

47,48

anergy. During ageing, the frequency of B-cell progeni-

tors diminishes relative to differentiated B cells.*”*°

During
ageing, the frequency of autoreactive effector B cells also
increases. In most instances, especially in IgG responses against
self-antigens, T-cell help represents the central mechanism in
the activation of autoreactive B cells.”! Thus, autoreactive
CD4" effector T cells are regarded as key players in the patho-

genesis of IgG-dependent autoimmune diseases.

Immunological alterations in bullous
pemphigoid

BP is the prototype of an autoimmune disorder of the
elderly.®” The typical clinical manifestation of BP is blister for-
mation induced by the binding of IgG autoantibody target
antigens of the basal membrane.'® There are various clinical
phenotypes described but generally all variants are associated
with pruritus, which occurs prior or concomitantly to the
development of polymorphous skin lesions including blis-
ters.'* Recently, 1gG autoantibodies of BP have been increas-
ingly detected in elderly patients with chronic inflammatory,
nonbullous, pruritic disorders who did not yet fulfil all the
diagnostic criteria of BP (Table 1). Establishing the diagnosis
of ‘classical’ BP requires the presence of pruritic urticarial pla-
ques and/or tense bullae, a positive direct immunofluores-
cence of perilesional skin (IgG bound to the dermo epidermal
basement membrane zone) and the detection of serum IgG
autoantibodies by saline-split human skin or enzyme-linked
immunosorbent assay.'*

BP180 has been identified as the dominant autoantigen of
BP. Its extracellular noncollagenous 16A (NC16A) domain har-
bours the major T-cell and B-cell epitopes. Autoreactive Th2
and Thl cells target distinct epitopes of BP180, and elevated
serum concentrations of Th2 and Thl cytokines correlate with

Table 1 Pruritic nonbullous pemphigoid

disease activity.”*** Most of the autoreactive, BP180-specific T
cells exhibit a Th2 profile,**** whereas BP180-specific periph-
eral T cells from healthy individuals are dominated by the Thl
type.”® There is circumstantial evidence that Th17 may also
be involved in the pathogenesis of BP, where Th17-derived
IL-17A induces the expression of proinflammatory cytokines
such as TNF-o, IL-1B and IL-6.°" Furthermore, by triggering
granulocyte colony-stimulating factor and granulocyte—-mono-
cyte colony-stimulating factor production, IL-17 leads to an

58-60
and acts

enhanced maturation of neutrophil granulocytes
as a chemo attractant for neutrophil recruitment to the
inflamed tissues.®"®* Elevated numbers of Th17 cells and IL-
17A levels were observed in the skin lesions of patients with
BP, and a potential involvement in BP was therefore
assumed.®**** Additional immune modulatory T-cell subsets,
such as Treg cells and y8 T cells, are significantly reduced in
BP based on preliminary studies.®® ®’

While the BP180-NC16A domain represents the immuno-
dominant region for T cells, it is also targeted by IgG autoan-
tibodies from patients with BP. Overall, 70-96% of all BP sera
contain IgG autoantibodies against BP180-NCI16A and their

68-72
In con-

levels correlate with disease activity and severity.
trast to BP180, BP230 represents an intracellular component
of the hemidesmosome.'> BP230-specific IgG autoantibodies
are also found in the majority of patients with BP, but their
pathogenic role is not yet fully understood. In contrast to
BP180-specific IgG, reports about the pathogenicity of BP230-
reactive IgG are quite controversial. In animal models anti-
BP230-specific IgG was able to induce blister formation and
inflammation.”*’* These experimental findings are in line
with a previous study that described a correlation between
anti-BP230 serum IgG levels and disease activity.”® However,
in a few other studies, serum IgG against BP230 was not

70,71

clearly related to severity of BP. Nevertheless, in some

cases BP230-specific IgG alone was able to induce a classical

IgG reactivity against

Patients, Dominant clinical

n (age, years)  phenotype Diagnostic tools ~ BP180 alone  BP230 alone  BP180 + BP230  Study

6 Pruritus sine materia DIF+/IIF-SSS+ n.d. n.d. n.d. Alonso-Llamazares, 199801
53 (~70-8) Eczematous lesions DIF+ n.d. nd. n.d. Lamb 2006%°

1 (79) DIF+ n.d. n.d. n.d. Tkeda 2011'°
1(73) Prurigo nodularis-like ~ DIF+/n.a. 0 1 0 Tamada 1995'"
5 lesions DIF+/WB/EFM 0 0 5 Powell 2002'**
2 (45/61) DIF+/WB 0 2 0 Tashiro 2005'%°
3 (62-85) Pruritic skin lesions DIF+ n.d. n.d. n.d. Wolf 1992'%¢

2 (49/88) DIF+/WB 0 2 0 Strohal 1993'%
2 DIF+/WB 0 1 0 Wever 1995'%%
1(77) DIF+ n.d. n.d. n.d. Palleschi 1996'"’
1 (76) DIF+/WB 0 0 1 Schmidt 2002'"°
11 (~ 81-7) ELISA/SSS 1 4 2 Bakker 2013°”

BP, bullous pemphigoid; DIF, direct immunofluorescence; IIF, indirect immunofluorescence; SSS, saline-split skin technique; EFM, electric

force microscopy; WB, Western blot; ELISA, enzyme-linked immunosorbent assay; n.a., not available; n.d., not defined — suggestive of BP —

due to the limited number of respective studies, publications lacking the proof of autoantibodies were also included.
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BP phenotype that was less severe.”>”® Recent studies, includ-
ing the analysis of BP230
between BP230 dysfunction and neurological disorders, which

mice, found an association

may explain the clinically observed simultaneous appearance

of BP and neurological disorders.”®7®

Pathogenetic role of antibasement membrane
antibodies in elderly patients with pruritic
dermatoses

In addition to the well-described bullous phenotype of BP,
there are many reports of atypical, mainly nonbullous, clinical
variants of BP. These subtypes are heterogeneous and include
urticarial or erythematous plaques and eczematous skin
lesions.®® Despite the great variability of the different clinical
BP manifestations, pruritus represents the common leading
clinical symptom (Table 1).'* Taken together, the existing
clinical and experimental evidence suggests that there may be
a direct connection of senile pruritus and the development of
BP IgG autoantibodies.®'

IgE specific for BP180 or BP230 has been detected in clini-

P?82785 and has been shown to contribute to

cally active B
loss of dermal-epidermal adhesion in experimental animal
models.®® Moreover, omalizumab, an anti-IgE monoclonal
antibody, has shown promise in reducing the clinical activity
of BP.*” While IgA®® and IgE autoantibodies against the epi-
dermal basement membrane may be detected in BP occasion-
ally, IgG autoantibodies clearly dominate the autoimmune
response in this pemphigoid disease.®’

IgG autoantibodies against BP180 and BP230 were also
found in a subgroup of elderly patients with various pruritic
disorders. In these individuals, tissue-bound IgG could not be
detected at the epidermal basement membrane by direct
immunofluorescence microscopy of perilesional skin biop-

. 89-91
S1€es.

Although some studies show a higher incidence of
BP autoantibodies in the elderly, there are also conflicting

reports that describe an equal distribution among the young
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and older populations.®* !

evidence that the incidence of anti-BP230 and/or anti-BP180-

Nevertheless, there is increasing

specific IgG autoantibodies is much higher in elderly individu-
als with pruritic dermatoses, which suggests a possible rela-
tionship between pruritus and antibasement membrane
autoantibodies.” ”® By indirect immunofluorescence micros-
copy of patients’ sera on saline-split skin or monkey oesopha-
gus, these IgG autoantibodies show a staining pattern identical
to BP sera. The lack of detection of tissue-bound IgG autoanti-
bodies by direct immunofluorescence microscopy suggests that
they do not bind in vivo due to lower serum concentrations
and/or a weaker affinity for their target antigens. Of note, IgG
autoantibodies against the intracellular BP230 are more fre-
quently found than IgG autoantibodies against the transmem-
branous BP180 (Table 2). Gary et dl. described in a cohort of
112 patients with BP that anti-BP230 IgG in contrast to anti-
BP180 IgG was directly associated with pruritus, blisters on
the lower limbs and a higher probability of a positive indirect
immunofluorescence microscopy of skin lesions.””

Several mechanisms may contribute to senile pruritus
(Fig. 1). A pruritic lesion followed by cell destruction caused
by uncontrolled itching might lead to the release of a mixture
of intracellular proteins like BP230 and extracellular compo-
nents including BP180 in an inflammatory environment.
Immunological exposure to self-antigens in combination with
immunosenescence may eventually lead to a loss of self-toler-
ance and the induction of an IgG autoantibody-specific
immune response. Alternatively, as anti-BP230 IgG autoanti-
bodies are able to induce proinflammatory effects such as

granulocyte influx,””

these IgG autoantibodies may act as a
trigger factor for pruritus induction and the subsequent devel-
opment of pruritic skin lesions followed by the development
of anti-BP180 IgG and, eventually, full-blown BP. This latter
process is called epitope spreading.”® Di Zenzo et dl. described
a similar epitope spreading phenomena in patients with BP
where the auto-IgG spectrum developed from an exclusive

BP180 specific to a combined anti-BP180/anti-BP230 IgG

Table 2 Prevalence of anti-BP180 and anti-BP230 IgG autoantibodies in elderly patients with pruritic disorders

Patients, Dominant clinical

IgG reactivity against

BP180 alone

BP230 alone BP180+ BP230 Total Study

n (age, years) phenotype Diagnostic tools
4 (~81-7) Pruritus sine materia, DIF—/TIF+ 0
eczematous, urticarial, SSS+
papular and/or nodular WB+/—
skin lesions ELISA+/—
15 (76 % 6) Pruritic dermatoses DIF—/TIF+/ — 1
SSS+/—
ELISA+/—
43 (~ 60) Pruritic dermatoses DIF-/TIF+/ — 3
WB+/—
25 (78-5 £ 15-5)  Pruritus, with or without ~DIF—/IIF— 3
excoriated skin lesions ELISA+/—

1 2 3 Bakker 2013°*

3 1 5 Feliciani 2009%*

5 2 10 Rieckhoff-Cantoni
1992°¢

n.d. n.d. 3 Hofmann 2003°*

DIF, direct immunofluorescence; IIF, indirect immunofluorescence; SSS, saline-split skin technique; WB, Western blot; ELISA, enzyme-linked

immunosorbent assay; n.d., not defined.
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Fig 1. Immune senescence, pruritus of the elderly and the potential association with bullous pemphigoid (BP). Increased age is associated with a
decrease of epidermal barrier function and might lead, via a loss of fluids and reduced lipid formation, to pruritic events. Simultaneously, due to
immune senescence during the ageing process the risk for the activation of autoaggressive T cells and formation of IgG autoantibodies is markedly
increased. A combination of these factors (pruritus—itch—mechanical damage—massive release of self antigen + immune senescence) may lead
to the development of BP. A subset of elderly individuals with pruritic dermatoses has been found to have serum IgG against BP180 and BP230.

These individuals may carry an increased risk to develop BP.

response.”” Alternatively, concomitant induction of anti-BP180 weeks to more than 10 years (Table 3). In addition to IgG
and anti-BP230 IgG may directly cause itch as a prodromal autoantibodies, elderly individuals with pruritic disorders have
symptom of BP. Of note, the time period from initial pruritus been shown to have IgE autoantibodies reactive with BP180
to clinically apparent BP is variable and ranges from several and/or BP230.”>'% This finding supports the concept that BP

Table 3 Evolution of bullous pemphigoid (BP) from initial presentation of pruritic skin lesions®

Patients, n (age, years) Initial clinical phenotype Time to full-blown BP' Study
3 (58/70/81) Pruritic eruption, dermatitis 10 months, 6 and 11 years (3/3) Amato 1988""" and Nakatani 2008''*
20 Papular urticarial eruptions, 6 weeks (popular/urticarial) Asbrink 1981'"?
eczematous eruptions to 2 years (eczematous) (20/20)
3 (65-77) Generalized pruritus ‘Several weeks” (1/3) Barker 1983''*
8 (58-83) Prolonged pruritus 3-21 months (5/8) Bingham 1984'"®
24 (~61:7) Erythema, papules, plaques, 1 month—10 years (24/24) Sun 2009%”

papulovesicles, nodules or weals
Time overall 1 month—11 years

*Occurence of tense blisters on erythematous/urticarial skin.
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is the consequence of a Th2-shifted alteration of the immune
system, which manifests before the clinical appearance of skin
lesions.

Additional studies are necessary to elucidate the impact of
antibasement membrane IgG autoantibodies on the develop-
ment of pruritus in the elderly and, eventually, in the clinical
evolution of BP. Even though only a subset of elderly patients
with pruritic disorders seems to carry BP-specific IgG autoanti-
bodies and may thus be at risk to develop BP, the high mor-
tality rates in BP argue for making efforts to establish the
diagnosis of BP at an early stage to improve the patient out-
come. In addition, pruritic disorders of the elderly may serve
as a model to monitor immunological parameters, in particu-
lar autoreactive T- and B-cell responses associated with the
clinical evolution of autoimmunity.

References

1 Jensen JM, Forl M, Winoto-Morbach S et al. Acid and neutral
sphingomyelinase, ceramide synthase, and acid ceramidase activi-
ties in cutaneous aging. Exp Dermatol 2005; 14:609—18.

Choi EH, Man MQ, Xu P et dl. Stratum corneum acidification is

[}

impaired in moderately aged human and murine skin. J Invest
Dermatol 2007; 127:2847-56.
Li J, Tang H, Hu X et al. Aquaporin-3 gene and protein expres-

w

sion in sun-protected human skin decreases with skin ageing.
Australas ] Dermatol 2010; 51:106—12.
4 Long CC, Marks R. Stratum corneum changes in patients with
senile pruritus. ] Am Acad Dermatol 1992; 27:560—4.
Ghadially R, Brown BE, Sequeira-Martin SM et al. The aged epi-
dermal permeability barrier. Structural, functional, and lipid bio-

]

chemical abnormalities in humans and a senescent murine
model. J Clin Invest 1995; 95:2281-90.

Nusbaum NJ. Aging and sensory senescence. South Med J 1999;
92:267-75.

Berger TG, Steinhoff M. Pruritus in elderly patients — eruptions
of senescence. Semin Cutan Med Surg 2011; 30:113-17.

Busse PJ, Mathur SK. Age-related changes in immune function:

[e)}

~

oo

effect on airway inflammation. J Allergy Clin Immunol 2010;
126:690-9.
Franceschi C, Capri M, Monti D et al. Inflammaging and anti-inflam-

O

maging: a systemic perspective on aging and longevity emerged
from studies in humans. Mech Ageing Dev 2007; 128:92—105.

10 Huang CS, Chen SJ, Chung RL et al. Serum interleukin-5 measure-
ments for monitoring acute asthma in children. J Asthma 2005;
42:297-300.

11 Krabbe KS, Pedersen M, Bruunsgaard H. Inflammatory mediators
in the elderly. Exp Gerontol 2004; 39:687-99.

12 Lee N, Shin MS, Kang I. T-cell biology in aging, with a focus on
lung disease. ] Gerontol A Biol Sci Med Sci 2012; 67:254—63.

13 Schmidt E, Zillikens D. Pemphigoid diseases. Lancet 2013;
381:320-32.

14 Murrell DF, Daniel BS, Joly P et al. Definitions and outcome
measures for bullous pemphigoid: recommendations by an inter-
national panel of experts. ] Am Acad Dermatol 2011; 66:479—85.

15 Flores KG, Li J, Sempowski GD et al. Analysis of the human thymic
perivascular space during aging. J Clin Invest 1999; 104:1031-9.

16 Hwang KA, Kim HR, Kang I. Aging and human CD4(+) regula-
tory T cells. Mech Ageing Dev 2009; 130:509—-17.

17 Callahan JE, Kappler JW, Marrack P. Unexpected expansions of
CD8-bearing cells in old mice. ] Immunol 1993; 151:6657—69.

© 2014 British Association of Dermatologists

Pruritus

18

20

2

—

22

23

24

25

26

27

28

29

30

3

—

32

33

34

35

36

37

3

oo

39

of the elderly and bullous pemphigoid, T. Schmidt et al. 217

Hong MS, Dan JM, Choi JY et al. Age-associated changes in the
frequency of naive, memory and effector CD8+ T cells. Mech
Ageing Dev 2004; 125:615-18.

Kovaiou RD, Grubeck-Loebenstein B. Age-associated changes
within CD4+ T cells. Immunol Lett 2006; 107:8—14.

Naylor K, Li G, Vallejo AN et al. The influence of age on T cell
generation and TCR diversity. ] Immunol 2005; 174:7446-52.
Akbar AN, Fletcher JM. Memory T cell homeostasis and senes-
cence during aging. Curr Opin Immunol 2005; 17:480-5.

Sandmand M, Bruunsgaard H, Kemp K et al. Is ageing associated
with a shift in the balance between type 1 and type 2 cytokines
in humans? Clin Exp Immunol 2002; 127:107—-14.

Miller RA, Berger SB, Burke DT et al. T cells in aging mice:
genetic, developmental, and biochemical analyses. Immunol Rev
2005; 205:94-103.

Nikolich-Zugich J. T cell aging: naive but not young. J Exp Med
2005; 201:837-40.

Timm JA, Thoman ML. Maturation of CD4+ lymphocytes in the
aged microenvironment results in a memory-enriched population.
J Immunol 1999; 162:711-17.

Beckman I, Dimopoulos K, Xu XN et al. T cell activation in the
elderly: evidence for specific deficiencies in T cell/accessory cell
interactions. Mech Ageing Dev 1990; 51:265-76.

Douziech N, Seres I, Larbi A et al. Modulation of human lympho-
cyte proliferative response with aging. Exp Gerontol 2002; 37:369—
87.

Tortorella C, Pisconti A, Piazzolla G et d. APC-dependent
impairment of T cell proliferation in aging: role of CD28- and
IL-12/1L-15-mediated signaling.  Mech ~ Ageing Dev  2002;
123:1389-402.

Treanor J, Falsey A. Respiratory viral infections in the elderly.
Antiviral Res 1999; 44:79-102.

Zhao L, Sun L, Wang H et d. Changes of CD4+CD25+Foxp3+
regulatory T cells in aged Balb/c mice. J Leukoc Biol 2007;
81:1386-94.

Agius E, Lacy KE, Vukmanovic-Stejic M et al. Decreased TNF-alpha
synthesis by macrophages restricts cutaneous immunosurveillance
by memory CD4+ T cells during aging. J Exp Med 2009;
206:1929-40.

Lages CS, Suffia I, Velilla PA et al. Functional regulatory T cells
accumulate in aged hosts and promote chronic infectious disease
reactivation. ] Immunol 2008; 181:1835—48.

Gaffen SL. An overview of IL-17 function and signaling. Cytokine
2008; 43:402-7.

Komiyama Y, Nakae S, Matsuki T et al. IL-17 plays an important
role in the development of experimental autoimmune encephalo-
myelitis. ] Immunol 2006; 177:566—73.

Nakae S, Nambu A, Sudo K et al. Suppression of immune induc-
tion of collagen-induced arthritis in IL-17-deficient mice. J Immu-
nol 2003; 171:6173—7.

Lee JS, Lee WW, Kim SH et al. Age-associated alteration in naive
and memory Th17 cell response in humans. Clin Immunol 2011;
140:84-91.

Sun C, Chang B, Gu H. Non-bullous lesions as the first manifesta-
tion of bullous pemphigoid: a retrospective analysis of 24 cases.
J Dermatolog Treat 2009; 20:233—-7.

Goronzy JJ, Weyand CM. Aging, autoimmunity and arthritis:
T-cell senescence and contraction of T-cell repertoire diversity —
catalysts of autoimmunity and chronic inflammation. Arthritis Res
Ther 2003; 5:225-34.

Dorshkind K, Montecino-Rodriguez E, Signer RA. The ageing
immune system: is it ever too old to become young again? Nat
Rev Immunol 2009; 9:57-62.

British Journal of Dermatology (2014) 171, pp212-219




218

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Pruritus of the elderly and bullous pemphigoid, T. Schmidt et al.

Kassiotis G, Zamoyska R, Stockinger B. Involvement of avidity for
major histocompatibility complex in homeostasis of naive and
memory T cells. J Exp Med 2003; 197:1007-16.

Kieper WC, Burghardt JT, Surh CD. A role for TCR affinity in
regulating naive T cell homeostasis. J Immunol 2004; 172:40—4.
Goronzy JJ, Weyand CM. Immune aging and autoimmunity. Cell
Mol Life Sci 2012; 69:1615-23.

Weng NP, Akbar AN, Goronzy J. CD28(—) T cells: their role in
the age-associated decline of immune function. Trends Immunol
2009; 30:306-12.

Christen U, Hintermann E, Holdener M et al. Viral triggers for
autoimmunity: is the ‘glass of molecular mimicry’ half full or
half empty? J Autoimmun 2009; 34:38—44.

Green NM, Marshak-Rothstein A. Toll-like receptor driven B cell
activation in the induction of systemic autoimmunity. Semin Immu-
nol 2011; 23:106—12.

Shlomchik M]J. Activating systemic autoimmunity: B’s, T’s, and
tolls. Curr Opin Immunol 2009; 21:626-33.

Goodnow CC, Crosbie J, Adelstein S et al. Altered immunoglobu-
lin expression and functional silencing of self-reactive B lympho-
cytes in transgenic mice. Nature 1988; 334:676-82.

Nemazee DA, Burki K. Clonal deletion of B lymphocytes in a
transgenic mouse bearing anti-MHC class I antibody genes. Nature
1989; 337:562-6.

Kline GH, Hayden TA, Klinman NR. B cell maintenance in aged
mice reflects both increased B cell longevity and decreased B cell
generation. J Immunol 1999; 162:3342-9.

Riley RL, Kruger MG, Elia J. B cell precursors are decreased in
senescent BALB/c mice, but retain normal mitotic activity in vivo
and in vitro. Clin Immunol Immunopathol 1991; 59:301-13.

Hampe CS. B cell in autoimmune diseases. Scientifica (Cairo) 2012;
2012:215308.

Otten JV, Hashimoto T, Hertl M et al. Molecular diagnosis in
autoimmune skin blistering conditions. Curr Mol Med 2014;
14:69-95.

Budinger L, Borradori L, Yee C et al. Identification and characteriza-
tion of autoreactive T cell responses to bullous pemphigoid antigen
2 in patients and healthy controls. J Clin Invest 1998; 102:2082-9.
Lin MS, Fu CL, Giudice GJ et al. Epitopes targeted by bullous
pemphigoid T lymphocytes and autoantibodies map to the same
sites on the bullous pemphigoid 180 ectodomain. J Invest Dermatol
2000; 115:955-61.

Thoma-Uszynski S, Uter W, Schwietzke S et al. Autoreactive T
and B cells from bullous pemphigoid (BP) patients recognize epi-
topes clustered in distinct regions of BP180 and BP230. ] Immunol
2006; 176:2015-23.

Haase C, Budinger L, Borradori L et al. Detection of IgG autoanti-
bodies in the sera of patients with bullous and gestational pem-
phigoid: ELISA studies utilizing a baculovirus-encoded form of
bullous pemphigoid antigen 2. J Invest Dermatol 1998; 110:282—6.
Weaver CT, Hatton RD, Mangan PR et al. IL-17 family cytokines
and the expanding diversity of effector T cell lineages. Annu Rev
Immunol 2007; 25:821-52.

Schwarzenberger P, Huang W, Ye P et al. Requirement of endoge-
nous stem cell factor and granulocyte-colony-stimulating factor
for IL-17-mediated granulopoiesis. ] Immunol 2000; 164:4783-9.
Schwarzenberger P, La Russa V, Miller A et dl. IL-17 stimulates granu-
lopoiesis in mice: use of an alternate, novel gene therapy-derived
method for in vivo evaluation of cytokines. ] Immunol 1998;
161:6383-9.

Stark MA, Huo Y, Burcin TL et al. Phagocytosis of apoptotic neu-
trophils regulates granulopoiesis via IL-23 and IL-17. Immunity
2005; 22:285-94.

British Journal of Dermatology (2014) 171, pp212-219

61

62

63

64

65

66

67

68

69

70

7

72

73

74

75

76

77

78

Park H, Li Z, Yang XO et al. A distinct lineage of CD4 T cells reg-
ulates tissue inflammation by producing interleukin 17. Nat Immu-
nol 2005; 6:1133—41.

Veldhoen M, Hocking RJ, Flavell RA et a. Signals mediated by
transforming growth factor-beta initiate autoimmune encephalo-
myelitis, but chronic inflammation is needed to sustain disease.
Nat Immunol 2006; 7:1151-6.

Arakawa M, Dainichi T, Ishii N et al. Lesional Th17 cells and reg-
ulatory T cells in bullous pemphigoid. Exp Dermatol 2011;
20:1022-4.

Zebrowska A, Wagrowska-Danilewicz M, Danilewicz M et dal. IL-
17 expression in dermatitis herpetiformis and bullous pemphig-
oid. Mediators Inflamm 2013; 2013:967987.

Antiga E, Quaglino P, Volpi W et al. Regulatory T cells in skin
lesions and blood of patients with bullous pemphigoid. J Eur Acad
Dermatol Venereol 2013; doi: 10.1111/jdv.12091 [Epub ahead of
print].

Oswald E, Fisch P, Jakob T et d. Reduced numbers of circulating
v6 T cells in patients with bullous pemphigoid. Exp Dermatol
2009; 18:991-3.

Quaglino P, Antiga E, Comessatti A et al. Circulating CD4+
CD25brightFOXP3+ regulatory T-cells are significantly reduced
in bullous pemphigoid patients. Arch Dermatol Res 2012; 304:639—
45.

Di Zenzo G, Thoma-Uszynski S, Fontao L et al. Multicenter pro-
spective study of the humoral autoimmune response in bullous
pemphigoid. Clin Immunol 2008; 128:415-26.

Dopp R, Schmidt E, Chimanovitch I et al. IgG4 and IgE are the
NC16A domain of
BP180 in bullous pemphigoid: serum levels of these immuno-
globulins reflect disease activity. ] Am Acad Dermatol 2000;
42:577-83.

Patsatsi A, Kyriakou A, Pavlitou-Tsiontsi A et al. Association of

major immunoglobulins targeting the

autoantibodies to BP180 with disease activity in Greek patients
with bullous pemphigoid. Clin Dev Immunol 2012; 2012:854795.
Yoshida M, Hamada T, Amagai M et al. Enzyme-linked immuno-
sorbent assay using bacterial recombinant proteins of human
BP230 as a diagnostic tool for bullous pemphigoid. ] Dermatol Sci
2006; 41:21-30.

Thoma-Uszynski S, Uter W, Schwietzke S et al. BP230- and
BP180-specific auto-antibodies in bullous pemphigoid. J Invest
Dermatol 2004; 122:1413-22.

Hall RP 3rd, Murray JC, McCord MM et al. Rabbits immunized
with a peptide encoded for by the 230-kD bullous pemphigoid
antigen cDNA develop an enhanced inflammatory response to
UVB irradiation: a potential animal model for bullous pemphig-
oid. J Invest Dermatol 1993; 101:9—14.

Kiss M, Husz S, Janossy T et al. Experimental bullous pemphigoid
generated in mice with an antigenic epitope of the human
hemidesmosomal protein BP230. J Autoimmun 2005; 24:1-10.
Tanaka M, Hashimoto T, Dykes PJ et . Clinical manifestations in
100 Japanese bullous pemphigoid cases in relation to autoantigen
profiles. Clin Exp Dermatol 1996; 21:23-7.

Chen YJ, Wu CY, Lin MW et al. Comorbidity profiles among
patients with bullous pemphigoid: a nationwide population-based
study. Br J Dermatol 2011; 165:593-9.

Claudepierre T, Manglapus MK, Marengi N et al. Collagen XVII
and BPAG! expression in the retina: evidence for an anchoring
complex in the central nervous system. ] Comp Neurol 2005;
487:190-203.

Langan SM, Groves RW, West J. The relationship between neuro-
logical disease and bullous pemphigoid: a population-based case—
control study. J Invest Dermatol 2010; 131:631-6.

© 2014 British Association of Dermatologists



79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

Taghipour K, Chi CC, Vincent A et al. The association of bullous
pemphigoid with cerebrovascular disease and dementia: a case—
control study. Arch Dermatol 2010; 146:1251—4.

Lamb PM, Abell E, Tharp M et al. Prodromal bullous pemphigoid.
Int J Dermatol 2006; 45:209—14.

Bernhard JD. Do anti-basement membrane zone antibodies cause
some cases of ‘senile pruritus’? Arch Dermatol 1997; 133:1049-50.
Arbesman CE, Wypych JI, Reisman RE et al. IgE levels in sera of
patients with pemphigus or bullous pemphigoid. Arch Dermatol
1974; 110:378-81.

Christophoridis S, Budinger L, Borradori L et al. IgG, IgA and IgE
autoantibodies against the ectodomain of BP180 in patients with
bullous and cicatricial pemphigoid and linear IgA bullous derma-
tosis. Br J Dermatol 2000; 143:349-55.

Delaporte E, Dubost-Brama A, Ghohestani R et al. IgE autoanti-
bodies directed against the major bullous pemphigoid antigen in
patients with a severe form of pemphigoid. ] Immunol 1996;
157:3642-7.

Messingham KN, Pietras TA, Fairley JA. Role of IgE in bullous
pemphigoid: a review and rationale for IgE directed therapies.
G Ital Dermatol Venereol 2012; 147:251-7.

Fairley JA, Burnett CT, Fu CL et al. A pathogenic role for IgE in
autoimmunity: bullous pemphigoid IgE reproduces the early
phase of lesion development in human skin grafted to nu/nu
mice. J Invest Dermatol 2007; 127:2605-11.

Fairley JA, Baum CL, Brandt DS et al. Pathogenicity of IgE in
autoimmunity: successful treatment of bullous pemphigoid with
omalizumab. J Allergy Clin Immunol 2009; 123:704-5.

Kromminga A, Scheckenbach C, Georgi M et al. Patients with bul-
lous pemphigoid and linear IgA disease show a dual IgA and IgG
autoimmune response to BP180. J Autoimmun 2000; 15:293-300.
Desai N, Allen J, Ali I et ad. Autoantibodies to basement mem-
brane proteins BP180 and BP230 are commonly detected in nor-
mal subjects by immunoblotting. Australas ] Dermatol 2008;
49:137-41.

Hachisuka H, Kurose K, Karashima T et al. Serum from normal
elderly individuals contains anti-basement membrane zone anti-
bodies. Arch Dermatol 1996; 132:1201-5.

Wieland CN, Comfere NI, Gibson LE et al. Anti-bullous pemphig-
oid 180 and 230 antibodies in a sample of unaffected subjects.
Arch Dermatol 2010; 146:21-5.

Bakker CV, Terra JB, Pas HH et al. Bullous pemphigoid as pruritus
in the elderly: a common presentation. JAMA Dermatol 2013;
149:950-3.

Feliciani C, Caldarola G, Kneisel A et al. IgG autoantibody reactivity
against bullous pemphigoid (BP) 180 and BP230 in elderly
patients with pruritic dermatoses. Br J Dermatol 2009; 161:306—12.
Hofmann SC, Tamm K, Hertl M et al. Diagnostic value of an
enzyme-linked immunosorbent assay using BP180 recombinant
proteins in elderly patients with pruritic skin disorders. Br J Dermatol
2003; 149:910-12.

Jedlickova H, Racovska J, Niedermeier A et al. Anti-basement
membrane zone antibodies in elderly patients with pruritic disor-
ders and diabetes mellitus. Eur ] Dermatol 2008; 18:534-8.
Rieckhoff-Cantoni L, Bernard P, Didierjean L et al. Frequency of
bullous pemphigoid-like antibodies as detected by Western
immunoblot analysis in pruritic dermatoses. Arch Dermatol 1992;
128:791-4.

© 2014 British Association of Dermatologists

Pruritus of the elderly and bullous pemphigoid, T. Schmidt et al. 219

97

98

99

100

102

103

104

105

106

108

109

110

11

—

112

113

114

115

Gary A, Carvalho P, Louison JB et al. Relationship between clinical
findings of patients with bullous pemphigoid and antigens recog-
nized by their circulating antibasement membrane zone antibod-
ies. Ann Dermatol Venereol 2004; 131:333—7.

Chan LS, Vanderlugt CJ, Hashimoto T et al. Epitope spreading:
lessons from autoimmune skin diseases. ] Invest Dermatol 1998;
110:103-9.

Di Zenzo G, Thoma-Uszynski S, Calabresi V et al. Demonstration
of epitope-spreading phenomena in bullous pemphigoid: results
of a prospective multicenter study. ] Invest Dermatol 2011;
131:2271-80.

Fania L, Caldarola G, Muller R et al. IgE recognition of bullous
pemphigoid (BP)180 and BP230 in BP patients and elderly
individuals dermatoses. Clin  Immunol 2012;
143:236-45.

Alonso-Llamazares J, Rogers RS 3rd, Oursler JR et al. Bullous

with  pruritic

pemphigoid presenting as generalized pruritus: observations in
six patients. Int J Dermatol 1998; 37:508—14.

Ikeda T, Okamoto K, Furukawa F. Case of atypical bullous pem-
phigoid with generalized pruritus and eczema as the prodrome
for 10 years. ] Dermatol 2011; 39:720—1.

Tamada Y, Yokochi K, Oshitani Y et ad. Pemphigoid nodularis: a
case with 230 kDa hemidesmosomes antigen associated with bul-
lous pemphigoid antigen. J Dermatol 1995; 22:201—4.

Powell AM, Albert S, Gratian MJ et al. Pemphigoid nodularis
(non-bullous): a clinicopathological study of five cases. Br ] Der-
matol 2002; 147:343-9.

Tashiro H, Arai H, Hashimoto T et al. Pemphigoid nodularis: two
case studies and analysis of autoantibodies before and after the
development of generalized blistering. J Nippon Med Sch 2005;
72:60-5.

Wolf R, Ophir J, Dechner E. Nonbullous bullous pemphigoid. Int
J Dermatol 1992; 31:498-500.

Strohal R, Rappersberger K, Pehamberger H et al. Nonbullous
pemphigoid: prodrome of bullous pemphigoid or a distinct pem-
phigoid variant? ] Am Acad Dermatol 1993; 29:293-9.

Wever S, Rank C, Hornschuh B et al. [Bullous pemphigoid simu-
lation subacute simple prurigo]. Hautarzt 1995; 46:789-95 (in
German).

Palleschi GM, Caproni M, Falcos D et d. Hypereosinophilic
syndrome as prodrome of bullous pemphigoid: report of a case.
J Eur Acad Dermatol Venereol 1996; 6:255-9.

Schmidt E, Sitaru C, Schubert B et al. Subacute prurigo variant of
bullous pemphigoid: autoantibodies show the same specificity
compared with classic bullous pemphigoid. J Am Acad Dermatol
2002; 47:133—6.

Amato DA, Silverstein J, Zitelli J. The prodrome of bullous pem-
phigoid. Int J Dermatol 1988; 27:560-3.

Nakatani T, Inaoki M, Takehara K. Bullous pemphigoid with a
prolonged prodrome. J Dermatol 2008; 35:433—6.

Asbrink E, Hovmark A. Clinical variations in bullous pemphigoid
with respect to early symptoms. Acta Derm Venereol 1981; 61:417—
21.

Barker DJ. Generalized pruritus as the presenting feature of bul-
lous pemphigoid. Br J Dermatol 1983; 109:237-9.

Bingham EA, Burrows D, Sandford JC. Prolonged pruritus and
bullous pemphigoid. Clin Exp Dermatol 1984; 9:564—70.

British Journal of Dermatology (2014) 171, pp212-219




