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Tothe Editor

Inflammasomes are multiprotein complexes that nedpi infection or injury to activate
inflammation. Inflammatory caspases, caspase-1nd & in humans, and their murine
orthologues caspase-1 and 11 are crucial compooéimflammasomes, responsible for the
maturation and secretion of Il3land IL-18, and for pyroptosis (inflammatory ceéath)
(Creagh, 2014). Psoriasis is a chronic inflammaskin condition with a range of clinical
manifestations. The most common manifestation i©rih plaque psoriasis, where the
adaptive immune response predominates. Howevertenaad autoinflammatory events,
governed by IL-B (Martinez-Quiles and Goldbach-Mansky, 2018), pilewnapustular forms

of psoriasis (Liang et al., 2017).

The IL-23-IL-17 axis is the main driver of pathogsis in psoriasis, as evidenced by
successful therapies which target these cytokibewds et al., 2014). In murine skin, 1131
stimulates keratinocytes to produce chemoattrastemmtimmune cells, proliferation gdT
cells, and production of IL-17 (Cai et al., 201@hereschi et al., 2010). ILEImRNA and
protein levels in patient psoriatic skin correlat#h disease progression and treatment
response (Cai et al., 2019), and blocking f.Hlockers is effective in pustular psoriasis and
psoriatic arthritis patients (Tsai and Tsai, 2017he involvement of IL- in cutaneous
inflammation implies a central role for inflammatocaspases in the pathogenesis of
psoriasis. Expression and activation of inflammgatoaspases is upregulated in psoriatic
lesions (Johansen et al., 2007, Salskov-Iversah,62011, Zwicker et al., 2017). Imiquimod
(IMQ), the active component of Aldara cream (5% IM@ a TLR7/8 agonist that induces
the development of an inflammatory skin diseasmar&ably similar to psoriasis (van der

Fits et al., 2009). Significant amelioration of IM@duced murine skin inflammation was



recently demonstrated by the genetic deficiencypbarmacological inhibition of both
caspase-1 and -11 (caspl/11) (Aira et al., 2018yveéder caspl/11 may have non-redundant
roles during psoriasis, and their individual cdmition to its pathogenesis remain to be
addressed. There are conflicting reports regarthegunction of caspase-1 during psoriasis
(Cho et al., 2012, Rabeony et al., 2015), thus ine@ to determine the specific role of
caspase-11 during IMQ-induced skin inflammationl. @dperiments were performed under
license and approval of the TCD animal researclicetbommittee and the Irish Health

Protection Regulatory Agency (HPRA).

+/+

Following application of Aldara to the back skin G&sp-11*"* and Casp-11"" mice for 4

consecutive days, there was significantly lessisgaind erythema itCasp-11" skin, as

+/+

compared taCasp-11*"* (Figure la-c). Less epidermal thickeningdasp-11" skin was also
observed at early stages of disease (Figure Sajiats lesions typically display increased
acanthosis, immune cell infiltration and angiogeneklistological examination of Aldara-
treated skin demonstrates th&@asp-11" skin displays significantly less epidermal
proliferation (Figure 1d, e) and leukocyte infitiom into the dermis (Figure 1f, g). The
reduction in erythema seen @asp-11"" skin correlates with significantly less endothelia
cells in the dermis (Figure 1h, i), decreased mRMAression of the pro-angiogenic marker,
Ang-2 (Figure 1)), and increased expression ofahe-angiogenic maker, TSP-1 (Figure 1k).
These results reveal that caspase-11 contribut®Qeinduced skin pathology by promoting

keratinocyte proliferation, immune cell infiltratioand neoangiogenesis, to support the

metabolic demands of the uncontrolled keratinocytes

Analysis of the epidermal layer revealed that AddaeatedCasp-11"" skin had significantly
less TUNEL positivity tharCasp-11"* skin (Figure 2a, b). TUNEL staining identifies bot
apoptotic and pyroptotic cells, thus both pathwagse further examined. Although caspase-

11 has been reported to promote caspase-3 progesafigr LPS challenge (Kang et al.,



2002), no differences in caspase-3 processing wbserved (Figure 2c). Caspase-11
mediates pyroptosis via Gasdermin-D cleavage, tieguin pore formation and release of
inflammatory mediators, such as IB-and LDH. We show that Gasdermin-D cleavage, and
consequent LDH release, are significantly loweCasp-11"" skin compared t€asp-11*"*
(Figure 2c, d), confirming a caspase-11 requirenfentpyroptotic cell death during this
disease. Decreased cell death in both the derndsepidermis ofCasp-11"" skin was
observed as early as 24 h following Aldara treatm@igure S2a, b). The absence of
caspase-11 did not alter the secretion of inflanomesdependent cytokines from Aldara-
treated skin (Figure 2e, f). Arit al. recently reported decreased Ig-and IL-18 secretion
from casp-1/11 DKOs (Aira et al., 2018), suggesthm caspase-1, rather than caspase-11, is
required for the secretion of inflammasome-mediatgikines from skin. However, when
healthyCasp-11*"* andCasp-11"" skin were stimulated with Aldamx vivo, and conditioned
media from Aldara-treated skin was subsequenthfiegpgo BMDM, less inflammasome-

+/+

mediated cytokine secretion occurreddasp-11""" BMDM (Figure 2g, h). Findings suggest
that caspase-11 mediated pyroptosis in the skincesithe secretion of alarmins that serve to
drive inflammasome activation in immune cells. Gaspll also contributes to 131
secretion in response to conditioned media fromardereated skin (Figure 2g, h). The role
of pyroptosis has not been studied in detail inripses pathology, however our results
suggest that inhibiting inflammasome activation Idolbe beneficial for psoriatic patients.
Dataset analysis reveals that inflammatory caspasesl -5, pro-IL-B, and the pyroptotic
mediator, Gasdermin D, are all significantly el@dhin human psoriatic lesions (Figure S3).
Alarmins (including HSPs, mitochondrial componeatsd S100 proteins) are enriched in
secretomes from human psoriatic lesions (Williamsoral.,, 2013), suggesting that pro-

inflammatory cell death is also occurring in hunh@sions.Treatment with NLRP3 (Irrera et

al., 2017) or inflammatory caspase (Aira et al.1&@0inhibitors has already been shown to



ameliorate Aldara-induced murine psoriasis. Thislgtidentifies a clear and singular role for
caspase-11 in mediating IMQ-induced skin inflamoratand proposes further investigation

of caspase-4/5 inhibition for the treatment ofanfimatory skin conditions.
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Figurelegends

Figure 1: Reduced features of IMQ-induced psoriasisin Casp-11"" mice. Aldara (50 mg)
was applied to the back of shav@dsp-11*"* andCasp-117" mice for 4 d, consecutively. (a)
Skin was photographed on day 4. (b) Scaling anérfghema were scored dailycale O - 4:
0, none; 1, slight; 2, moderate; 3, marked; 4, wvegrked) 5 um FFPE skin sections were
probed for (d) PCNA and (e) epidermal positivitysnguantified (PCNA +ve cells/field).

Skin sections were probed and counted for (f, g)l@band (h, i) endomucin (10X



magnification, scale bars = 20n). Relative (j) Ang-2 and (k) TSP-1 mRNA expressio
digested skin was determined by gPCR. Control (&) Aldara (n=5), error bars represent
mean +/- SEM. Data is representative of three iaddpnt experiments. Two-way ANOVA,
followed by Bonferroni post-test, was used to asalgtatistical significance betwe€asp-
11" andCasp-11"" groups *p<0.05, ** p < 0.01, *** p < 0.001.

Figure 2. Caspase-11 mediated pyroptosis contributes to the inflammatory phenotype of
IMQ-induced psoriasis. Skin sections from 4 d Aldara (50 mg) treated mvese (a) probed
for TUNEL positivity (Cell Death Detection Kit (Rbe)) (10X magnification, scale bars =
20 um); and (b) analysed for epidermal TUNEL +ve cé#td. (c) Immunoblots of skin
homogenates were probed for indicated proteins. Alddra treated skin explants were
cultured (DMEM, 24 h) prior to analysis for (d) LDKe) IL-13 and (f) IL-18 release. Control
(n=2) and Aldara (n=5). Healthy untreated back skiations fronCasp-11""* andCasp-11"
mice (n=5/group) were cut into three equal piecesl aultured for 24 h in the
absence/presence of Aldara (17mg in 1.5ml DMEM)eri&t filtered supernatants
(conditioned media) were cultured (50:50 ratio WitMEM) with BMDM for 24 h before
determining (g) IL-B and (h) IL-18 secretion. Error bars represent mearsEM. Data is
representative of three independent experiments-Wiay ANOVA, followed by Bonferroni

+/+

post-test, was used to analyse statistical sigmifie betweerCasp-11""* and Casp-11"

groups *p<0.05, ** p < 0.001.
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Supplementary Figure L egends

Kenealy Set al. ‘Caspase-11 mediated cell death contributeseé@#thogenesis of
Imiquimod-induced psoriasis’

Figure S1: Histological H& E staining of skin sections show that less epider mal thickness

+/+

occurs between Casp-11"" and Casp-117" mice during Imiquimod-induced psoriasis.
Mice were treated with Aldara (50 mg) for 24 h. Baghole skin tissue was fixed in
Formalin and paraffin embedded. (a) Representathegges of Haemotoxylin and Eosin
stained control and Aldara treated back skin takér24 h. Scale bar = 20m; 10X
magnification of indicated regions. (b) Epidermackness was measured (average of three
images per piece of tissue, and three pieces sfidiper mouse) in 24 h treated skin.
Thickness was measured in nm using Image J softv@oetrol (n=2) and Aldara (n=5),
error bars represent mean +/- SEM, Two-way AnoWavi@d by Bonferroni post-test found

*p < 0.05.

-/-
Figure S2: Less cell death is observed in FFPE skin of Casp-11 mice at early stages of

experimental psoriasis. Casp-]_1+/+ andCasp—]_l_/_ mice were treated with Aldara (50 mg) for
24 h. Back whole skin tissue was fixed in formaéind paraffin embedded (FFPE). (a)
Representative images of TUNEL stained control Alddra treated back skin taken at 24 h.
(b) TUNEL positive cells were counted/field in tepidermis in an average of three images
per piece of tissue, and three pieces of tissue npeuse. Scale bar = 20m; 10X
magnification. Control (n=2) and Aldara (n=5), erbars represent mean +/- SEM, Two-way

Anova followed by Bonferroni post-test found * ©0<05.

Figure S3: Enhanced expression of pyroptosisrelated genes in biopsy tissue from
human psoriatic lesions. Relative mRNA expression levels of (a) Caspas@yCaspase-5;
(c) IL-1B; and (d) Gasdermin D; in normal, uninvolved ansideed human psoriatic skin
were analysed using the published dataset, GDS@%8i2 et al, 2009). For each indicated
gene, graphs indicate the gene expression valugslividual samples. One-way ANOVA
test was used to evaluate the significant diffeeenbetween the 3 groups. *p<0.05,
****n<0.0001.
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