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Abstract

Background Secretory leukocyte protease inhibitor (SLPI), a ~12 kDa protein is an important regulator of innate and
adaptive immunity and a component of tissue regenerative programmes. SLPI expression is markedly elevated in chroni-
cally inflamed skin, including that of individuals suffering from psoriasis. However, the role of SLPI in these diseases
remains elusive.

Objectives The poor understanding of the early stages of the development of psoriasis is a major obstacle to success-
ful intervention in the skin pathology. We hypothesized that SLPI and peripheral nerves that might be activated early in
the progression of the disease likely form a functional relationship to maintain skin barrier homeostasis and respond to a
variety of threats.

Methods We used skin biopsies of healthy donors and individuals with psoriasis to show expression pattern of SLPI. A
role of SLPI in psoriasis was mechanistically assessed using SLPI-deficient mice and an imiquimod (IMQ)-induced
experimental model of psoriasis.

Results We show that mice lacking SLPI had exaggerated skin alterations that extended beyond the treatment
site in an imiquimod-induced psoriasis. The spatiotemporally distinct skin responses in SLPI-deficient mice, com-
pared to their wild-type littermates, resulted from a compromised skin barrier function that manifested itself in
heightened transepidermal water loss through the larger skin area surrounding the IMQ-challenged skin. The
increased pathogenic skin changes in the absence of SLPI were reversible through pharmacological treatment
that blocks a nerve-reflex arc.

Conclusions Together, these data indicate that SLPI plays a protective role in psoriasis through preventing skin dry-
ness, inherent in the pathogenesis of psoriasis and that this SLPI action depends on neuronal input operating in a reflex
manner. These findings reveal a previously unrecognized mechanism that maintains cutaneous homeostasis, which
involves a crosstalk between the nervous system and a protein anatomically poised to fortify the epidermal permeability
barrier.
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Introduction

Psoriasis is a chronic inflammatory skin disease with a preva-
lence of approx. 2%—3% of people across the world, and is
associated with psoriatic arthritis, Crohn’s disease or cardio-
vascular and psychological/psychiatric comorbidities (reviewed
in Refs [1,2]). Although various treatments are currently used
to clear the symptoms of psoriasis, there is no cure for the
disease.” The most efficacious modulating therapy is based on
neutralizing specific inflammatory mediators such as IL-17
and IL-23 with biologic agents.” This approach primarily tar-
gets dysregulated immune responses. Therefore, there is a
need to focus on less-described molecular and cellular skin
constituents that might be activated early in the progression
of the disease, including antimicrobial peptides (AMPs) and
of AMPs,
cathelicidin/LL-37 and P-defensins is one of the alterations

peripheral nerves. Overexpression including
that mark psoriatic skin.*> These AMPs have been proposed
to play modulatory role in skin inflammation and generally
worsen psoriatic skin lesions, but also contribute to a return
to homeostasis. For example, LL-37 and/or B-defensins can
drive skin inflammation by enabling self-DNA or self-RNA-
mediated -responses in dendritic cells and/or keratinocytes.>®
On the other hand, LL-37 was also found to block activation
of the DNA-sensing inflammasomes, suggesting its anti-
inflammatory role in psoriasis.”

Among AMPs, highly expressed in psoriatic skin is secre-
tory leukocyte protease inhibitor (SLPI).* Although SLPI has
been implicated in controlling microbial growth, the protein
is best known for its inhibitory role against serine proteases,
such as neutrophil elastase (reviewed in Refs [8]). The role
of SLPI in skin pathophysiology remains obscure. In a
model of cutaneous injury, SLPI was shown to promote the
repair of injured skin. The lack of SLPI was accompanied by
increased  leukocyte infiltration and  delayed  re-
epithelialization in mice subjected to full-thickness dorsal
P10 SIPI can also play

modulatory role in the skin by its capacity to decorate DNA

incisional wounding. immune-
and contribute to activation of TLR9 in plasmacytoid den-
dritic cells,"" as well as by inhibiting a deposition of neu-
trophil extracellular traps (NETs).'? These actions of SLPI
suggest an important regulatory role for this molecule in
psoriasis pathophysiology.

Here, we show that SLPI deficiency leads to pathologic skin
alterations that extend beyond imiquimod (IMQ)-induced skin
changes in an experimental model of psoriasis, and that these
extended skin changes are a consequence of a dysregulated
pathway-mediated by a neural reflex arc. Our data suggest that
SLPI in dialogue with the nervous system is involved in control-
ling spatiotemporal psoriasis-defining parameters and may ame-
liorate the breakdown of epidermal homeostasis intrinsic to the
pathology of psoriasis.
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Materials and methods

Human skin biopsy samples

All human studies were performed in accordance with guidelines
established by the Jagiellonian University Institutional Bioethics
Committee  under  approved  protocols  (#87/B/2014;
1072.6120.30.2020). After obtaining informed consent from
patients, approximately 6-mm punch biopsies were taken from
lesional skin of psoriasis patients (n =8 FM 3:5; age
44 £ 16 years, PASI score 18.5 + 7.5). Unchanged areas of skin
surrounding moles were obtained from healthy individuals
undergoing cosmetic surgery for mole removal and served as a
negative control (n = 6; F:M 3:3; age 41 £ 15 years).

Experimental psoriasis and bupivacaine treatment

All animal procedures and experiments were performed in
accordance with national and European legislation, after
approval by the Second Local Ethical Committee on Animal
Testing at the Jagiellonian University in Krakow (approval #
298/2017). Slpi”~ and WT mice from C57BL/6 background and
a mixed C57BL/6 x 129/Sv] background were generously
donated by Dr. Sharon M. Wahl.” The mice used in this study
were sex- and age-matched 8- tol0-week-old littermates. Mice
were housed under pathogen-free conditions in the animal facil-
ity at the Faculty of Biochemistry, Biophysics and Biotechnology
of the Jagiellonian University. An IMQ model of psoriasis was
induced as previously described'®'? with minor modifications.
The mice were treated twice a day for up to 6 days with 15 mg
of Aldara™ cream (5% imiquimod), (Meda AB, Solna, Sweden)
or Vaseline (Unilever) on 1 cm? shaved and depilated back skin.
The disease severity was evaluated daily using a scoring system
based on the clinical Psoriasis Area and Severity Index (PASI).
Erythema, scaling, thickening and the affected area were scored
independently on a scale from 0 to 4: 0 — none; 1 — slight; 2 —
moderate; 3 — marked; 4 — very marked. The skinfold thickness
was measured on the last day of experiments with a caliper.
Trans-epidermal water loss (TEWL) was measured on the cen-
tral (IMQ-treated) and adjacent, untreated area of the back skin
using a Tewameter® TM300 (Courage + Khazaka Electronic).
Where indicated, a single dose of BUV (Sigma-Aldrich)
(5 mmol/L in 20 pL) or 0.9% saline was injected twice a day
intradermally (i. d.) in the centre of the back skin, followed by
IMQ treatment 20 min later (** with modifications).

Immunohistochemistry

Frozen 6-10 pum sections were prepared from the skin biopsies
of psoriatic and healthy donors, fixed in acetone and stained
with the monoclonal-biotin-mouse-anti-human SLPI (clone: 31,
Abcam) or biotin mouse IgG1 k isotype control (clone: MOPC-
31C, BD Pharmingen, BD Biosciences), followed by PE-
streptavidin (BD Pharmingen). Frozen skin sections (10 um)
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from WT mice and SLPI KO mice as a negative control were
stained with biotinylated goat anti-mouse SLPI (R&D Systems)
followed by streptavidin conjugated to APC (eBioscience, San
Diego, CA, USA). The sections were counterstained with
Hoechst dye 33258 (Life Technologies, Carlsbad, CA, USA).
Images were captured with a fluorescence microscope (NIKON,
Eclipse) and analysed using NIS elements software (Nikon).

Flow cytometry

0.5-cm” skin samples (from the central and lateral skin) were
incubated with 2.5 mg/mL of Collagenase D (Roche Diagnos-
tics) solution. Single-cell suspensions from the skin were
obtained by mashing the samples through 40-pm cell strainers
in RPMI1640 medium (Biowest) supplemented with 2% FBS
(Gibco). The cells were stained for viability assessment (Zombie
Aqua Fixable Viability Kit; BioLegend) and then blocked with
anti-CD16/CD32 antibodies (Fc block; eBioscience) followed by
staining with directly conjugated antibodies: CD45.2-APC/Cy7
(clone 104, BioLegend), CD11b-eFluor450 (clone M1/70, eBio-
science), Ly6G-APC (clone 1A8, BioLegend) and CD3-Alexa
Fluor 594 (clone 17A2, BioLegend). Data were acquired on a BD
LSRII (BD Biosciences). Singlets were selected based on FCS-A
vs FCS-H. Dead cells were routinely excluded from the analysis.
Analyses were performed with FCS Express (De Novo Software).

gPCR analysis

Total RNA was extracted using Total RNA Zol-Out kit (A&A
Biotechnology) and converted to ¢cDNA using NxGen M-MulV
reverse transcriptase (Lucigen) with random primers (Promega).
Real-time PCR was performed on the 7500 Fast (Applied Biosys-
tems) using SYBR Green I containing universal PCR master mix
(A&A Biotechnology) and primers specific for: mouse Slpi (5'-
TGAGAAGCCACAATGCCGTA-3/, 5-CTCCACACTGGTTTG
CGAAT-3'), and Gapdh (5- TGTGTCCGTCGTGGATCTGA-3,
5- TTGCTGTTGAAGTCGCAGGAG-3'). Levels of the SLPI
mRNA in each sample were analysed in duplicates, normalized
to the housekeeping gene Gapdh and either shown as relative
expression (274N or fold change (2724CT method).”®
Statistical analysis

Statistical analyses were performed using Statistica 13 software
(StatSoft Inc.). Data are shown as mean = standard deviation
(SD) or mean =+ standard error of the mean (SEM). The specific
tests performed and number of samples per group are described
in the figure legends.

Results

Psoriasis-prone skin tends to express high levels of SLPL* Using
biopsies from the affected (lesional) skin of psoriasis patients,
and skin biopsies from healthy individuals, we confirmed by
immunostaining that SLPI is abundantly expressed, often in a
patchy pattern, in the epidermis of patients with psoriasis but
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not in healthy donors. The upregulated SLPI levels were primar-
ily detected in the superficial epidermal layers (Fig. la).

We analysed the kinetics of SLPI expression in an experimen-
tal, IMQ-based model of psoriasis. The topical application of
IMQ), induces psoriasis-like skin changes that recapitulate key
features of the human disease.'” In this model, signs of psoriasis
are usually visible at day 2-3 such as skin thickening, redness
and scaling that progressively worsen over time up to 6 days
when they resemble fully developed skin lesions.'> C57BL/6 mice
were treated with IMQ on the dorsal skin twice a day for 6 days,
and SLPI expression in the treated skin was monitored using
qPCR and immunohistochemistry. Significant cutaneous Slpi
expression approx. 12-times above the base line (day 0) was
noted as early as 12 h following IMQ administration, rising fur-
ther until day 2, when Slpi levels on average exceeded control
levels 84 times (Fig. 1b). Upon longer treatment Slpi expression
progressively declined, but even at day 6 was approx. 10-times as
high as in untreated controls. In contrast, topical administration
of Vaseline instead of IMQ, did not cause significant Slpi upreg-
ulation (Fig. 1b). The kinetics of SLPI expression at mRNA level
was paralleled by immunohistochemistry data, showing the most
apparent SLPI protein expression in the epidermis at day 3 and
reduced albeit still upregulated SLPI protein levels at day 6
(Fig. 1c). Thus, high expression of SLPI accompanies both the
early and later stages of psoriasis development. In common with
human psoriasis, SLPI was mostly detected in the upper epider-
mis of mice undergoing psoriasis-like changes (Fig. 1a and c).

To determine whether the cutaneous presence of SLPI is
functionally relevant, we subjected SLPI-deficient mice (SLPI
KO) and their wild-type littermates (WT) to IMQ treatment.
Since different strains of mice vary in terms of the magnitude
and pattern of psoriasis-like changes following IMQ applica-
tion,">"* we initially employed mice from two genetic back-
grounds; mixed strain C57BL/6 x 129/Sv] as well as C57BL/6
strain. SLPI KO developed less-demarcated plaques compared
to their WT littermates, specifically in the C57BL/6 x 129/Sv]
strain (Fig. 2a and b). Thus, the total SLPI ablation tended to
result in more robust skin lesion size regardless of strain. A
recent RNA-seq analysis revealed that among different mouse
strains, the IMQ-induced response in C57BL/6 mice best paral-
lels the expression patterns specific to human psoriasis."
Therefore, in subsequent experiments we exclusively used mice
from the C57BL/6 strain.

Psoriatic skin is characterized by dramatically increased
transepidermal water loss (TEWL) largely due to a compromised
skin barrier function.'®” To determine whether SLPI deficiency
affects the barrier ability in this condition, we measured TEWL
in the skin from the treated dorsal site (central skin) and adja-
cent, untreated site within the altered region (lateral skin) of
SLPIKO as well as WT littermates over the course of the IMQ
treatment. Whereas the central skin showed a similar progressive
increase in TEWL in both SLPI KO and WT mice, the lateral
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Figure 1 Secretory leukocyte protease inhibitor expression increases in lesional skin of psoriasis patients and in an experimental model
of psoriasis. (a) Fluorescence microscopy images of human skin from the donors indicated. Overlay images from 2 healthy and 2 psoriatic
donors are shown. Data are representative for at least 4 donors in each group. (b) Sipi gene expression changes during IMQ and Vaseline
treatment in C57BL/6 mice. Control = non-treated mice. The data are shown as mean + SD from three independent experiments. Dots
indicate individual mice. *, P < 0.05; **, P < 0.01; ***** P < 0.00001; ****** P < 0.000001; by Kruskal-Wallis test with multiple com-
parisons. (c) Representative images of SLPI protein expression in mouse skin during IMQ treatment. Skin sections were stained for SLPI
(green) and DNA (blue). Data are from one experiment and are representative of at least five experiments. Image from SLPI KO mouse is
shown as a negative control. Arrowheads in A & C point to SLPI-stained epidermis. Scale bar = 50 um.

skin appeared to be more functionally compromised in SLPI-
deficient mice as evidenced by a tendency towards enhanced lat-
eral TEWL readings (Fig. 2d). Psoriasis is associated with dry
skin. Since the skin’s diminished ability to retain moisture con-
tributes to an enhanced TEWL, we next assessed whether SLPI is
required to prevent water loss while the skin is hydrated. To
improve skin hydration, we administered 0.9% saline to the cen-
tral skin i. d. at the centre of the IMQ-treated site, prior to each
round of IMQ administration. Under this condition, SLPI KO
mice lost a significantly higher amount of water through the lat-
eral but not central skin compared to the WT controls (Fig. 2e).
The biggest fold change in TEWL induction in SLPI KO mice
compared to WT mice, was observed at days 3 and 6 (Fig. 2e).

JEADV 2022, 36, 1266-1274

Thus, the expanded skin lesion in SLPI-deficient mice was con-
current with heightened TEWL (which was augmented by skin
hydration), indicating impaired barrier function beyond the
IMQ-treated site.

Given the localized effect of SLPI on water retention that was
confined to the lateral skin, we next assessed whether the lateral
and central skin differed in terms of SLPI expression levels.
qPCR demonstrated that Slpi transcription at the lateral skin
paralleled Slpi expression levels at the central skin in the course
of IMQ-induced psoriasis (Figs 2f and 1b, respectively). Collec-
tively, these data suggested that upregulated SLPI levels alone
cannot account for the different rate of water loss at the central
and lateral skin in experimental psoriasis.
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Figure 2 Secretory leukocyte protease inhibitor affects size of skin lesions and skin barrier function beyond the IMQ-challenged site.
The mice indicated were subjected to IMQ-treatment followed by kinetic assessment of the lesion size and skin erythema. (a) The repre-
sentative image of female WT and SLPI KO mice from mixed background C57BL/6 x 129/SvJ is shown with the indicated site of treat-
ment. (b) Cumulative data (the mean + SEM) showing size of lesion. n = 3-10 mice in each group. (c) Cumulative data (the

mean + SEM) showing skin erythema. (d) WT and SLPI KO C57BL6 males were subjected to IMQ-treatment followed by TEWL measure-
ment at the days indicated at the central and lateral skin. The mean + SEM is shown. n = at least 10 mice in each group. (€) WT and SLPI
KO C57BL6 males were injected with 0.9% NaCl i.d. at the stimulated site prior to IMQ-treatment. TEWL was then measured at the days
indicated at the central and lateral skin. The mean + SEM is shown. n = at least 7 mice in each group. (f) The lateral skin of WT mice was
harvested at the days indicated and subjected to qPCR analysis for Sipi mRNA levels. The data are shown as mean + SD from three
independent experiments. Dots indicate individual mice. *, P < 0.05; **, P < 0.01; ***, P < 0.001; by ANCOVA followed by Bonferroni
post hoc test.

are crucial to the manifestation of the disease.'® IMQ-treatment
resulted in a markedly increased skin thickness in both WT and
SLPI KO mice (Fig. 3). However, SLPI-deficiency had neither a
macroscopic effect on the skinfold thickness (Fig. 3a), nor were

Two key symptoms of psoriasis at cellular level are dysregu-
lated keratinocyte proliferation leading to a thickened epidermis,
and robust skin infiltration by leukocytes, among which neu-
trophils are considered a hallmark of psoriasis, whereas T cells
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Figure 3 Secretory leukocyte protease inhibitor deficiency does not affect psoriatic skin thickness and has only a marginal effect on skin
inflammation in experimental psoriasis. WT and SLPI KO C57BL/6 males were subjected to IMQ-treatment. (a) Skinfold thickness was
measured at the days indicated using a caliper. The mean + SEM is shown. n = 3-10 mice in each group. ***** P < 0.00001; **,

P < 0.01; by two-way ANOVA followed by Bonferroni post hoc test. (b) Skin was harvested and analysed using histology. Results are rep-
resentative of at least three independent experiments. (c) Skin was harvested and subjected to flow cytometry analysis. Total leukocytes
were detected using anti CD45 mAbs, whereas neutrophils were detected using anti Ly6G and CD11b mAbs and T cells were detected
using anti-CD3 mAbs. The mean of n = 7-10 mice + SD is shown. *P < 0.05 by t-test.

found to affect the epidermal thickness in the central and lateral
sites as revealed by histology (Fig. 3b).

A flow cytometry analysis showed that IMQ challenge led to
similar rate of skin inflammation in SLPI KO and WT mice,
which manifested itself in a comparable number and percentile
of neutrophils and T cells infiltrating the treated skin (Fig. 3c).
Some differences were only noted in an adjacent, untreated site

JEADV 2022, 36, 1266-1274

at day 2, where a significantly increased percentile of neutrophils
among CD45" leukocytes were found in SLPI KO mice.
Together, these data suggested that enlarged skin lesions in SLPI
KO mice cannot be attributed to altered epidermal thickness or
the scope of skin inflammation.

To determine the mechanism underlying the different presen-
tation of the diseased skin in SLPI KO mice compared to WT
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Figure 4 Secretory leukocyte protease inhibitor prevents water loss in cutaneous regions in a nerve-reflex arc-controlled manner. 5 mmol/
L BUV or vehicle (0.9% NaCl) was administered i.d. to WT or SLPI KO C57BL/6 mice followed by IMQ treatment. (@) TEWL was measured at
the days indicated and presented as the means + SEM. n = 7-9 mice per group. *, P < 0.05; ***** P < 0.00001; by ANCOVA followed by
Bonferroni post hoc test. (b) The area of skin lesions was evaluated using manual scoring at the days indicated and presented as the

means + SEM. n = 7-9 mice per group. (c) Slpi mMRNA levels in WT mice treated with 0.9% NaCl (empty bars) or BUV (shaded bars) were
analysed at the days indicated by gPCR. Data are shown as the means + SD and are presented relative to NaCl-treated central and later
skin at days 3 and 6. n = 3 experiments with data points showing individual mice. *P < 0.05 by Mann-Whitney U test.

mice, we focused on the cutaneous sensory neurons and their
recently reported ability to trigger an inflammatory reflex arc.'*
The free endings of neurons that transmit sensory information
from the skin can be activated by a variety of cutaneous stimuli,
and the resulting action potentials are propagated to the neuronal
bodies localized primarily in the dorsal root ganglia (DRG), close
to the spinal cord." In the axon reflex, this neuronal activation is
diverted and redirected back to axonal terminals in the skin.'*?°
Local activation of cutaneous afferents with C. albicans was
recently found to augment host immunity at adjacent, uninfected
skin through pathways that operate in a reflex manner.'*
Although inflammation at adjacent sites in IMQ-treated mice was
only mildly affected by SLPI deficiency, the lack of SLPI pheno-
copied some aspects of nerve reflex arc-propagated skin
responses, namely skin involvement beyond the site of the original
insult. Therefore, we next asked whether SLPI can give rise to a
smaller altered skin area by restricting the nerve reflex arc-
mediated effects on the skin barrier function. To block voltage-
gated Na+ channels and thus activation at the nerve terminals in
the skin surrounding the original stimulus, we injected SLPI KO
and WT littermates with 5 mmol/L BUV, a long-acting local
anaesthetic.* BUV, or 0.9% saline as a vehicle, was administered
i.d. at the IMQ-treated site before each IMQ application. BUV

JEADV 2022, 36, 1266-1274

treatment, when compared to NaCl treatment, did not signifi-
cantly alter TEWL scores at the central skin of both SLPI KO and
WT mice, indicating BUV-unperturbed skin barrier function
(Fig. 4a). In stark contrast, TEWL was markedly reduced at the
lateral skin of SLPI KO mice, and slightly lowered in WT mice
when the reflex arc was disabled by BUV treatment (Fig. 4a).
Thus, in the presence of BUV, SLPI KO and WT mice demon-
strated comparable TEWL over the lateral skin. BUV administra-
tion also tended to reduce the size of the skin area involved in the
IMQ-challenged SLPI KO mice but not the WT mice (Fig. 4b).
Other pathological features, including skin erythema, scaling or
thickness, were overall unaffected in SLPI KO mice by BUV
administration (Fig. Sla). Likewise, the skinfold thickness or per-
centile of neutrophils and T cells that accumulated in the central
and lateral skin following IMQ challenge, remained similar in
BUV-and NaCl- treated SLPI KO and WT mice (Fig. S1b & ¢,
respectively). Taken together, these data suggested that specific
skin barrier function such as water loss protection is mediated by
SLPI in a nerve-reflex arc-dependent manner.

The upregulation of SLPI levels observed in the IMQ-treated
skin of WT mice at both central and lateral sites (Figs 1b and 2f)
raised the question as to whether the nerve-reflex arc regulates
SLPI expression in surrounding unchallenged skin. A statistically
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Figure 5 A model of SLPI involvement in
preventing excessive water loss in a reflex-
arc regulated manner.

significant decrease in SLPI mRNA levels within the adjacent site
but not the IMQ-treated central site was observed at day 6 but
not day 3 when the reflex arc was blocked by BUV (Fig. 4c).
Thus, TEWL and SLPI expression are both controlled, albeit
with different kinetics, by the nerve-reflex arc in the extended
area of psoriasiform skin.

Discussion

Here, we report a previously undescribed level of functional orga-
nization of the skin barrier responses; namely interaction between
the protein SLPI, with the neuronal network which transmits the
information vital for permeability barrier homeostasis. Our find-
ings support and extend the emerging notion that both the ner-
vous system and the neural reflex mediate crucial processes
associated with infection and inflammation at body barriers,
including skin (reviewed in Ref. [19]). The nervous and immune
systems cooperate to provide better skin protection against envi-
ronmental insults. This is illustrated by nerve reflex arc-mediated
protective innate anticipatory immunity. Local activation of cuta-
neous sensory neurons with C. albicans augmented host immu-
nity at adjacent, uninfected skin by triggering inflammatory type
17 immune responses, potentially to prevent or alleviate infection
spread to the surrounding not yet infected areas.'* On the other
hand, direct interaction between the nervous and immune system
can also promote pathological skin inflammation. Selective
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nerve-reflex arc

disruption of IL-23 or IL-17 signalling leads to significant
improvements in psoriasis but the disease recurs following cessa-
tion of therapy. Notably, sensory nerves drive psoriasiform
inflammation by affecting IL-23 production by local dendritic
cells in experimental psoriasis,”' suggesting that neuronal activity
is key to pathogenic inflammation in psoriasis.

Alterations in skin thickness, more robust skin inflammation
and/or problems with barrier maintenance could potentially lead
to pathogenic skin presentation in mice lacking SLPI. The weak-
ened barrier function beyond the challenged site was found to be
the main skin defect associated with SLPI deficiency. Although
the extended area of altered skin in SLPI KO mice exhibited some
other features characteristic of more severe psoriasis, such as
neutrophil-dominated skin infiltration, these changes were subtle,
and likely ameliorated by enforced skin hydration. On the other
hand, increased skin moisture by applying saline locally, brought
to light epidermal permeability dysfunction at lateral cutaneous
sites of mice lacking SLPI. These findings suggest that potential
skin damaging immune mechanisms associated with SLPI defi-
ciency in psoriasis would likely be secondary to a perturbed bar-
rier function at the lateral cutaneous site.

The uppermost skin layer, the stratum corneum, together
with the tight junctions that seal neighbouring keratinocytes in
the underlying layer-stratum granulosum, forms an interdepen-
dent permeability and antimicrobial barrier.”* Our data indicate
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that SLPI and a nerve-reflex arc are functionally linked in regu-
lating skin barrier function. Skin desiccation is considered one
of the preventive strategies that lower microbial mass and reduce
the risk of infection.”> However, skin dryness is also a poorly
explored feature shared by multiple cutaneous chronic inflam-
matory disorders, including atopic dermatitis (AD) and psoria-
sis.”»** Notably, excessively dry skin often precedes the
development of disease flares or worsens their symptoms. There-
fore, while the nervous system may protect the host against
infection by desiccating the skin surface, its activity can also lead
to or accelerate cutaneous pathology by promoting water loss
through the epidermis at sites adjacent to lesional skin.

Secretory leukocyte protease inhibitor-deficient mice had
restored the ability to retain water within the lateral site if the neu-
ral reflex was disabled by BUV treatments. The strategic position-
ing of SLPI in the upper epidermis and its non-uniform, patchy
distribution in the uppermost layers of psoriatic skin, supports
the role of SLPI as a molecule that locally seals in skin moisture in
a reflex-arc-regulated fashion. This scenario is also consistent with
the regulation of SLPI expression at the lateral skin in response to
a nerve-reflex arc. However, it is also possible that SLPI is
involved in ameliorating neuronal sensitivity to IMQ-induced
stimuli by raising the threshold for evoking action potentials or
directly inhibiting sensory neurons engaged in communicating
these alterations to the lateral, unchallenged cutaneous sites.

Secretory leukocyte protease inhibitor expression is upregu-
lated not only in psoriasis but also other inflammatory skin dis-
orders, such as AD.* Therefore, SLPI involvement in preventing
excessive skin dryness might not be limited to psoriasis but also
play a role in other dermatoses associated with a disturbed skin
barrier function.

In conclusion: On the basis of our findings we propose a
model, in which IMQ challenge results in the local activation of
the neuronal network innervating the skin. This then triggers
nerve reflex arc responses which promote loss of moisture at the
neighbouring skin regions. The presence of SLPI tightens the
skin barrier function in these regions at the level of the epider-
mis and/or inhibits neuronal circuits (Fig. 5). A better knowl-
edge of the skin environment in which chronic inflammatory
changes take place may lead to more effective and rapid inter-
vention with skin pathology.

Data availability statement
The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Supporting information
Additional Supporting Information may be found in the online
version of this article:

Figure S1 Skin redness, scaling and thickness as well cutaneous
neutrophil and T cell content as are not significantly regulated in
IMQ-challenged SLPI KO and WT mice by a nerve-reflex arc.
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