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Summary

Backgound Palmoplantar pustulosis (PPP) is a chronic and intensely inflammatory

Eva Haglorsen. skin disease with pustules, erythema and scaling localized to the palms and soles.

E-mail: eva-haglorsen@medsci.uu.se To date, no specific treatment is known. Earlier findings indicate the acrosyrin-
gium as the target for the inflammation.

9 April 2010 Objectives To identify specific features of the PPP inflammatory cell infiltrate and
mediators of inflammation, which might provide insight into the pathogenesis
and possible future treatment of the disease.

acrosyringium, immunohistochemistry, innate Methods Skin biopsies were taken from 23 patients with typical PPP (23 from

immune system, nicotine, smoking involved skin and seven from noninvolved skin) and from 18 healthy controls
(10 nonsmokers, eight smokers). Cell infiltrates and inflammation mediators
None declared. were studied with immunohistochemistry.

Results A strong inflammation was observed in lesional skin of PPP. Our main
DOI 10.1111/§.1365-2133.2010.09819.x findings of Langerhans cells and interleukin-17 close to or in the acrosyringium
differs from findings in psoriasis vulgaris. Other inflammatory cells such as
CD4+, CD8+, regulatory T cells and CD11a+ cells were also accumulated close
to the sweat duct in epidermis and papillary dermis. More CD4+, CD8+, Langer-
hans cells, plasmacytoid dendritic cells and a higher proportion of regulatory T
cells/CD3+ cells were seen in noninvolved palmar skin from patients with PPP
compared with healthy controls.

Conclusions Our novel findings indicate that the inflammation in PPP is initiated by

the ‘stand-by’ innate immune system at the acrosyringium.

Palmoplantar pustulosis (PPP) is a chronic and intensely
inflammatory skin disease, with pustules, erythema and scaling
localized to the palms and soles. Ninety per cent of the patients
are women and 95% of all patients are smokers at the onset of
the disease." Treatments used for plaque psoriasis are often less
effective and might even cause pustular flares as a side-effect.”

The pustules are sterile and contain large numbers of eosin-
ophils and neutrophils.' Eosinophils, lymphocytes and mast
cells infiltrate the papillary dermis, mainly below the pustules.
Mast cells are also increased in the reticular dermis of PPP
skin." The reason for this infiltration of inflammatory cells is
not known. Structure loss in the acrosyringium in the lowest
part of stratum corneum' and the migration of granulocytes
upwards within the acrosyringium® indicate that this is the
target for the inflammation.

The sweat gland apparatus seems to be an immune-compe-
tent structure that probably contributes to the defence of the
skin. Within it, some proinflammatory cytokines such as inter-
leukin (IL)-10t, IL-1B and tumour necrosis factor (TNF)-a are
normally produced.” IL-1¢ is thought to be a link between
the innate and adaptive immune response as the increased
expression of adhesion molecules, initiated by IL-1a, is fol-
lowed by recruitment of T cells. Moreover, adhesion molecule
interactions with cells such as Langerhans cells (LCs) and T
cells are essential effectors in the development of skin inflam-
mation.

Based on our previous studies, with findings of patients
with PPP having other autoimmune diseases and with immuno-
reactions of PPP sera on skin sections,” our hypothesis is that
PPP is an autoimmune disease. The massive invasion of mast
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cells and neutrophil and eosinophil granulocytes in PPP might
indicate that the innate immune system is more important
than previously assumed.

Identification of specific features of the PPP cell infiltrate
and mediators of inflammation may provide insight into the
pathogenesis. Surprisingly little is known today about the
expression of inflammatory markers in PPP, compared with
the large amount of data for psoriasis vulgaris. The aim of this
study was to investigate in detail the components of the
inflammation in PPP. A particular interest was put on mor-
phology, i.e. the relation of inflammatory markers to the
sweat duct apparatus, especially the sweat duct in epidermis
and papillary dermis.

Materials and methods

Patients

In total, 23 punch biopsy specimens (3 mm) were taken

from involved skin from patients (22 women aged
20-72 years and one man aged 60 years) with typical PPP of
the hands and/or feet and seven biopsies (six women aged
28—65 years and one man aged 60 years) from noninvolved
skin. None of the patients was taking beta-blockers or
lithium. Most were using only emollients at the time of
examination. At the onset of PPP 22 patients were smokers.
At examination, five had stopped smoking or had reduced
the number of cigarettes they smoked in recent years. More-
over, three patients had autoimmune thyroid disease and two
had diabetes.

Control specimens from palmar skin were taken from 18
healthy persons: 10 nonsmokers (nine women aged 24—
64 years and one man aged 24 years) and eight smokers (six
women aged 41-55 years and two men aged 37 and
68 years). Biopsies were either immediately frozen in isopen-
tane/acetone at —70 °C and stored until sectioned, or fixed in
4% buffered formalin and embedded in paraffin.

The local Medical Ethics Committee approved the study. All

participants gave their informed consent.

Immunohistochemistry

The numbers of specimens used for the different antibodies
are presented in Table S1 and the antibodies used in this study
together with their dilution and supplier are shown in Table
S2 (see Supporting Information). Controls, replacement of the
primary antibody with IgG of the same isotype and from
the same species as the primary antibody and omitting the

primary antibody, were all negative.

Evaluation of the histopathological findings

All evaluations were made on coded sections by the same
observer in a semiquantitative fashion. In examination of some
antibodies, primary observations were performed under the
supervision of E.H.
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The staining intensity with intercellular adhesion molecule
(ICAM)-1, CD62E and IL-lo antibodies was classified as
absent, weak, medium or strong in the epidermis (stratum
granulosum, stratum spinosum and stratum basale), endothe-
lium (in the papillary and reticular dermis), the sweat gland
and duct in the reticular dermis, papillary dermis, living epi-
dermis and stratum corneum. The total number as well as the
number of stained coils and ducts in the reticular dermis, pap-
illary dermis, viable epidermis and stratum corneum were
counted. The proportion of the numbers with each staining
intensity was calculated. The expression of myxovirus protein
A (MxA) was studied in epidermis, endothelium and inflam-
matory cells.

The numbers of cells that were CD4+, CD8+, CDla+,
CD56+, CD3—, FoxP3+, CD3+, CD3+ or BDCA-2+ were
counted in epidermis, papillary dermis, papillary dermis
below pustules and in reticular dermis. The percentage of
FoxP3+ cells of the total number of CD3+ cells was calculated
in the respective area.

The numbers of CD11la+, CD68+ and IL-17+ cells in epi-
dermis were counted and the area of epidermis measured with
the help of Leica Qwin (Leica, Wetzlar, Germany). In papillary
and reticular dermis the CDIla+ area was measured and
divided by the total area of the respective region, while the
number of CD68+ cells was counted and related to the area
of papillary and reticular dermis, respectively. The number of
IL-17+ cells was counted in papillary and reticular dermis.
The numbers of CD11la+ and IL-17+ cells were also counted
around the sweat glands.

The inflammatory infiltrate was estimated in each section as
follows: *, no or very few inflammatory cells; **, some
inflammatory cells; ***, large number of inflammatory cells.

Statistics

Statistical differences were evaluated by the Mann—Whitney
U-test using the software StatView (SAS Institute Inc., Cary, NC,
U.S.A.). P < 0-05 was considered as statistically significant.

Results

In this study, we aimed at an in-depth investigation of mark-
ers of the innate and adaptive immune response in PPP, in
relation to morphology of the lesion. Figures 1 and 2 show
the results of the immunohistochemical analysis. Detailed data
are published online in Table S3 (see Supporting Information).
There was a very strong inflammation in lesional PPP skin,
where both the innate and adaptive immune responses were
represented, and the inflammatory infiltrates were significantly
increased also in noninvolved palmar skin of patients with PPP
as compared with healthy controls.

Inflammatory cells in relation to the pustules

More CD8+ cells (dermis, P = 0-01) (Fig. 2¢), FoxP3+ cells
(regulatory T cells, Tregs) (papillary dermis, P = 0-03) and
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macrophages (papillary dermis, P = 0-003; reticular dermis, were also significantly more plasmacytoid dendritic cells
P = 0-:004) were observed in PPP skin with pustules than in (pDCs) in sections with pustules than in those without pus-
PPP skin without pustules. These cells were also, together with tules (epidermis, P = 0-005; reticular dermis, P = 0-04). All
LCs and CDI1la+ cells, abundant below the pustules. There pustules had large numbers of IL-17+ cells within them. Two

Langerhans cells

T Lymphocytes

E-Selectin Regulatory T-cells

Plasmacytoid dendritic cells
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of these sections had IL-17+ cells in epidermis just below the
pustules.

Natural killer (NK) cells were found in low numbers and
not in relation to any specific structure. There were more NK
cells in reticular dermis in lesional PPP skin as compared with
skin from healthy nonsmokers (P = 0-004).

Inflammatory cells in relation to the sweat duct and
gland in palmoplantar pustulosis skin

The number of LCs was increased around sweat ducts in epi-
dermis in PPP skin compared with skin from healthy controls,
smokers (P = 0-01) and nonsmokers (P = 0-02) (Fig. 2a).
Both Tregs and LCs were observed close to sweat ducts in
papillary dermis in PPP skin, as well as CD4+ and CD8+ T
cells, and CD11la+ cells [Fig. 1: Regulatory T cells (b), Lan-
gerhans cells (b) and CD11a (a)].
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dermis (P = 0-009) and around sweat glands (P = 0-01).
There were also more LCs mm™~ in epidermis in nonlesional
PPP skin compared with palmar skin from healthy smokers
(P = 0-04) and healthy nonsmokers (P = 0-01). Significantly
more pDCs were observed in papillary dermis in noninvolved
PPP skin compared with healthy controls (P = 0:02). Nonle-
sional PPP skin also had a higher proportion of Tregs/CD3+
cells compared with healthy controls (P = 0-03).

Inflammatory markers in palmar skin in healthy controls
(smokers and nonsmokers)

In papillary dermis in healthy smokers there were more LCs
per section than in healthy nonsmokers (P = 0-01) (Fig. 2a).
pDCs were seen in palmar skin from healthy smokers (epi-
dermis and reticular dermis), while none was seen in non-
smoking controls. More IL-17+ cells were seen around the

sweat glands (P = 0-05) in smoking controls compared with

. . nonsmokers (P = 0-05), but the reverse distribution was
Inflammatory cells in noninvolved palmoplantar

pustulosis skin found in papillary dermis (P = 0-01).

There were significantly more CD4+ T cells (P = 0:02) and
CD8+ T cells (P = 0-04) in dermis in noninvolved PPP skin
compared with healthy controls (Fig. 2c). Both CD4+ and
CD8+ T cells were observed in papillary dermis below epider-

Other findings

The adhesion molecule ICAM-1 was expressed mostly on the
endothelium and, to some extent, on inflammatory cells. The
mal sweat ducts. Cells expressing CD11a were more abundant strongest expression was seen in the endothelium in lesional

than in healthy controls in epidermis (P = 0-02), papillary PPP skin (data not shown).

Fig 1. T lymphocytes. Palmoplantar pustulosis (PPP) skin with pustules showed larger numbers of CD4+ T cells and CD8+ T cells (P = 0-03) as
compared with PPP skin without pustules. (a) and (b) show CD4+ T cells in a patient with PPP and a healthy control, respectively. (c) and (d)
show CD8+ T cells in a patient with PPP and a healthy control, respectively. Langerhans cells (LCs). (a) LCs were abundant in epidermis below
pustules. (b) illustrates LCs gathering around the sweat duct in the papillary dermis in PPP skin. Around sweat ducts in viable epidermis the
number of LCs was increased in lesional PPP skin compared with healthy controls, both in smokers (P = 0-:014) and in nonsmokers (P = 0-025).
(c) Specimen from involved PPP skin without pustules with a high number of LCs. In PPP skin some LCs were also observed in dermis.

(d) Specimen from a healthy control with only a few LCs in epidermis. E-selectin. (a) Besides strong expression in the endothelium in lesional
PPP skin, almost all (91%) of the PPP lesions showed expression of E-selectin in stratum spinosum (57% medium-strong). Moreover, 21% of the
nonlesional PPP skin samples showed weak expression in epidermis. (b) Furthermore, we observed strong expression in the endothelium in
papillary dermis. Note the expression on keratinocytes adjacent to the pustules. (c) No biopsies from healthy controls showed E-selectin
expression. Regulatory T cells (Tregs). Double staining with CD3 and FoxP3 was used to visualize Tregs. Tregs are seen with brown nuclei. The
percentage Tregs of the number of CD3+ cells in PPP skin was higher in all compartments, e.g. epidermis, papillary dermis and reticular dermis
(P = 00009, P = 0-0015 and P = 0-0009, respectively) compared with the percentage in healthy controls. (a) Lesional PPP skin with pustule that,
compared with that without pustules, showed more Tregs and CD3+ T cells in the papillary dermis. (b) An interesting finding of Tregs around a
sweat duct in papillary dermis (arrows) in PPP skin without pustules. (c) Only a few Tregs (arrows) were present in noninvolved skin from
patients with PPP. Dermal-epidermal junction is marked in (b) and (c). Myxovirus protein A (MxA) is specifically induced by type I interferons
(IFNs) and can thus be used as a substitute marker for IFN-o. Expression of MxA was seen in lesional PPP skin. The strongest expression was
observed in sections with pustules, where the epidermis adjacent to the pustule had a pronounced expression (a). MxA was also seen in
inflammatory cells especially in papillary dermis (arrow) (same cell in higher magnification in inset). (b) Moreover, we saw a strong expression
near sweat ducts in epidermis (even if without pustules) in lesional PPP skin. Plasmacytoid dendritic cells (pDCs). Most pDCs were seen in
papillary dermis in sections with large numbers of inflammatory cells. Macrophages were seen in all subjects, with the largest number in the
papillary dermis in lesional PPP skin with pustules. In PPP skin with pustules there was significantly larger number mm > than in PPP skin without
pustules (papillary dermis, P = 0-003; reticular dermis, P = 0-004). Image shows macrophages in a PPP specimen with pustule. Arrow indicates
the macrophage in higher magnification in the inset. Dermal-epidermal junction is marked. Interleukin-17 (IL-17)-positive cells were found in
palmar skin with the largest number in lesional PPP skin in dermis (papillary and reticular). (a) PPP lesional skin with expression in the
acrosyringia. (b) Palmar skin from a healthy control with IL-17-like immunoreactivity in stratum granulosum and the upper part of the
acrosyringium in living epidermis. CD11a-positive cells were abundant in lesional PPP skin seen in (a) with an accumulation close to the sweat
ducts in papillary dermis. (b) illustrates CD11a-positive cells adjacent to the sweat duct in papillary dermis in a specimen from nonlesional PPP
skin. All bars = 50 pm.
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Fig 2. Boxplots showing that the number of (a) Langerhans cells
(LCs) around the acrosyringium in epidermis was greatest in lesional
palmoplantar pustulosis (PPP) skin. In epidermis there was a greater
number mm ™~ both in involved and in noninvolved PPP skin
compared with healthy controls. In papillary and reticular dermis
there was a greater number per section in PPP skin compared with
healthy controls, and in papillary dermis the LCs per section were
more numerous in skin from smokers than in nonsmokers. (b) CD4+
and CD8+ cells per section in epidermis were in greatest numbers in
the involved PPP skin. (c) CD4+ and CD8+ cells per section in dermis
were in greater numbers in both involved and noninvolved PPP skin
compared with healthy controls. Furthermore, CD8+ cells per section
in dermis were more abundant in PPP skin with pustules than in PPP
skin without pustules. *P < 0-05; **P < 0-01; ***pP < 0-001.

The strongest endothelial expression of E-selectin was
observed in lesional PPP skin. E-selectin was also expressed in
lesional PPP skin in keratinocytes especially in the stratum
spinosum, particularly adjacent to the pustules [Fig. 1: E-selec-
tin (a, b)]. The endothelial expression in nonlesional skin
from patients with PPP was similar to that in healthy smoking
controls, while nonsmokers had a very weak expression
[Fig. 1: E-selectin (c)].

The proinflammatory cytokine IL-1ot had a strong expres-
sion in the sweat gland and duct also in healthy controls. The

coils had the strongest expression both in patients and con-
trols. IL-1o expression was also seen in epidermis (data not
shown).

MxA, a type I interferon (IFN)-induced protein, was
expressed in epidermis (close to pustules and acrosyringium)
and inflammatory cells in lesional PPP skin, with the strongest
staining in sections with pustules [Fig. 1: MxA (a)]. Further-
more, there was a strong expression near sweat ducts in epi-
dermis in lesional PPP skin without pustules [Fig. 1: MxA
(b)]. Some inflammatory cells also showed expression of MxA
[Fig. 1: MxA (a)].

IL-17 was not only expressed in inflammatory cells, but also
in the sweat duct in viable epidermis both in palmar and in
gluteal skin from patients with PPP and psoriasis, respectively,
and in healthy controls (smokers and nonsmokers) [Fig. 1:
IL-17 (a, b)]. Furthermore, in healthy controls, keratinocytes
in stratum granulosum showed a IL-17-like immunoreactivity
[Fig. 1: IL-17 (b)].

Discussion

The aim of this study was to characterize further the compon-
ents of the inflammation in PPP. We have previously found
the eccrine sweat gland apparatus to be the target for the
inflammation in PPP'* and our new results further underline
the sweat gland as an immune-competent unit with an impor-
tant role in the pathogenesis of PPP.

PPP seems to have a different genotype,® as well as pheno-
type, than psoriasis vulgaris. PPP is a chronic inflammatory
skin disease and is very resistant to treatment, in contrast to
psoriasis vulgaris.® In psoriasis vulgaris, activated T cells play
the crucial role in the inflammation, while the first line of
immune defence seems to be more important in PPP.' A cen-
tral finding in this study was the accumulation of several of
the inflammatory markers such as IL-17 in the acrosyringium
and LCs close to the sweat duct in epidermis and papillary
dermis. This further suggests initial immunological events tak-
ing place in the sweat duct in PPP. Furthermore, the increased
number of LCs in PPP skin (lesional and nonlesional) (see
Fig. 2) suggests an antigen-driven inflammation.

Another striking finding is that even in seemingly nonin-
volved palmar skin from patients with PPP there are signifi-
cantly more inflammatory cells such as CD4+ and CD8+ T
cells, LCs, CD11a+ cells and pDCs and a higher proportion of
Tregs/CD3+ cells compared with healthy controls, indicating
an ongoing inflammation.

The proinflammatory cytokine IL-1o0 was expressed in the
sweat gland apparatus in both lesional and healthy skin. Kera-
tinocytes release IL-lo when injured and inflammation is
thereby initiated, for example by the induction of expression
of adhesion molecules, chemokines, nitric oxide synthase and
cyclooxygenase. Moreover, IL-1o stimulates secretion of -8,
an important neutrophil attractant. IL-1o/ expression in the
sweat gland apparatus may have a pathophysiological role in
PPP because Sato and Sato® reported that sweat from palms
contained about six times higher concentration of IL-lal as
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compared with axillae and 18 times higher concentration than
sweat from the back.

Our finding of expression of IL-17 in the sweat gland appa-
ratus (in both lesional and healthy skin) has, to our knowl-
edge, not been reported before. However, it has been shown
before that not only inflammatory cells are able to produce
IL-17. Sakai et al.” detected IL-17 in human salivary glands in
the cytoplasm of ductal epithelial cells from patients with Sjo-
gren’s syndrome, sicca syndrome and from healthy persons.

It has been suggested that IL-17 is important for host
defence at the epithelial surface by inducing different classes
of antimicrobial molecules.'® Our findings of acrosyringeal
expression of IL-17 indicate that the sweat duct is an active
part of the skin barrier and physiologically important for the
protection against microbes and other antigens from the sur-
roundings.

In PPP large numbers of granulocytes gather in the pustules.
The majority of these cells showed expression of IL-17. The
IL-17 family consists of six members: IL-17A, IL-17B, IL-17C,
IL-17D, IL-17E and IL-17F. IL-17A and IL-17F are primarily
produced by activated T cells. In plaque psoriasis the T-cell
population includes a separate type called Th17 cells, i.e.
IL-17-producing T cells. In contrast, IL-17B, IL-17C, IL-17D
and IL-17E are expressed in a variety of tissues. The IL-17
antibody used in this study can show, according to the com-
pany, cross-reactivity with IL-17B—F and the staining of the
differentiated keratinocytes in the granular layer in epidermis
in healthy control skin may reflect the expression of these
other forms of IL-17. Their functions partially overlap those
of IL-17A although they have not been as thoroughly investi-
gated."!

There are several publications that support a role for IL-17
as a promoter of neutrophil accumulation and activation. Fer-
retti et al.'” showed that IL-17 is produced mainly by CD4+
cells, as well as by neutrophils, and plays a role in the mobili-
zation of lung neutrophils after bacterial challenge. Exposure
to smoke enhances neutrophilic airway inflammation charac-
terized by high pulmonary IL-17 levels.'?

Several other factors can be involved in the accumulation
of neutrophils in the acrosyringium. IL-8 is a well-known
neutrophilic chemoattractant. PPP skin has a high expression
of IL-8'* and in palmar skin from healthy persons there was
a high expression of IL-8 in the sweat gland and duct.'* An
interesting early discovery was made by Shelley et al.'® who
injected streptococcal pyogenes antigen into ‘normal’ skin in
a patient with pustular psoriasis and saw neutrophils
‘swarming’ into the sweat duct in dermis; these cells moved
inside further up to the terminal sweat duct — the acrosyrin-
gium — where they formed a pustule. The authors postulated
that ‘an unidentified invisible antigen was secreted by the
sweat gland’.

Furthermore, nicotine has been found to induce human
neutrophils to produce IL-8 in vitro."'® This could be important
for the pathogenesis of PPP as 95% of our patients were smok-
ers before the onset of PPP and we have observed improvement

17

of PPP after cessation of smoking.”” In addition, nicotinic
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receptors are expressed in the acrosyringium'® and because
nicotine is excreted in sweat'” it is able to affect this structure.
The increased number of LCs in PPP skin suggests an anti-
gen-driven inflammation. A remarkable observation was that
LCs were gathered around sweat ducts in living epidermis in
PPP skin, with the possibility of recognizing antigens excreted
through the sweat duct. Our findings of LCs in epidermis and
dermis in nonlesional PPP skin and healthy smokers’ skin has
not been reported before and are in contrast to those reported
in psoriasis Vulgaris.zo
More LCs have been found in bronchoalveolar lavage fluid
? and LCs in PPP

skin might be more prone to express antigens on their

. 1
from smokers compared with nonsmokers,

surface as dendritic cells of smokers were characterized by an
increased expression of antigen presentation markers.!

CD1la, which was strongly expressed in lesional PPP skin, is
a subunit of the lymphocyte function-associated antigen-1
expressed by B and T lymphocytes, granulocytes, monocytes
and macrophages. There are several reports that treatment
with monoclonal antibodies to CD11a has been found to be
efficient in patients with PPP while anti-TNF therapy did not

22724 However, after the withdrawal of

give improvement.
efalizumab, there is today no treatment that gives total remedy.

pDCs were found mostly in papillary dermis in lesional PPP
skin. They are usually found in low numbers in blood and
secondary lymphoid organs. In response to viral and some
bacterial infections pDCs are recruited to the infection site and
produce large numbers of type I IFNs. Recent findings show
that pDCs also can infiltrate the basal epidermis and papillary
dermis of patients with some noninfectious inflammatory dis-
eases: psoriasis vulgaris, contact dermatitis and systemic lupus
erythematosus. The IFN-o produced by the pDCs is known to
drive the development of systemic lupus erythematosus and
psoriasis.”>?® The MxA expression implies the presence of
biologically active IFN type I in the PPP skin. pDC-derived
IFN-o is essential in driving the local activation and expansion
of T cells and therefore linking innate immunity with T-cell
signalling cascades.”’

The number of Tregs was greater in PPP skin than in skin
from healthy subjects (in epidermis, and papillary and reticu-
lar dermis). Tregs are CD4+ T lymphocytes that also express
CD25 (the IL-2 receptor o chain) and can suppress immune
response and prevent the development of autoimmune dis-
eases. It has been observed that the number of Tregs was nor-
mal in peripheral blood and increased in psoriatic plaque,”®
but the suppressor cell activity was deficient, possibly leading
to hyperproliferation of psoriatic pathogenic T cells.”® This
might also be relevant for the Tregs in PPP skin.

A possible theory of the pathogenesis of PPP could be that an
antigen activates the immune-competent sweat gland and duct,
which might lead to the inflammation in the acrosyringium
and pustule formation. Nicotine excreted in the eccrine sweat
duct might also influence the inflammation in a nonspecific
way or facilitate autoimmune reactions. Also, in predisposed
persons nicotine exposure might change the expression of the
acrosyringia in a way that attracts LCs, and neutrophils are
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attracted by the high concentration of IL-8 and IL-17 and
migrate into the sweat duct and further outwards in the duct,
forming the pustule in the acrosyringium.

In conclusion, our findings point to specific differences in
the immunology of PPP and psoriasis vulgaris with a more
pronounced innate defence in PPP with a central role for the
acrosyringium and an antigen-driven response linked to smok-
ing. In our future studies we will focus on the initial inflam-

matory event.

What’s already known about this topic?

e Farlier findings indicate the acrosyringium as the target
for the inflammation in palmoplantar pustulosis (PPP).

What does this study add?

e Our novel findings indicate that the inflammation in PPP
is initiated by the ‘stand-by’ innate immune system at
the acrosyingium.

e In seemingly noninvolved palmar skin from patients
with PPP there is a significantly larger number of several
inflammatory cells, indicating an ongoing inflammation.

e The increased number of Langerhans cells in PPP skin
(lesional and nonlesional) suggests an antigen-driven in-
flammation.
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