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Highlights

Neutrophils can escalate inflammation via processing of
extracellular cytokines

Activated neutrophils liberate proteases that can process IL-
36 family cytokines

IL-36a, B, and y are activated differentially by cathepsin G,
elastase, or proteinase-3

Cathepsin G activity is elevated in human psoriatic lesions
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In Brief

IL-36 cytokines require proteolytic
processing for activation, but how this is
achieved is unknown. Here, Henry et al.
show that proteases liberated from
activated neutrophils—cathepsin G,
elastase, and proteinase-3—differentially
process and activate all three IL-36 family
members. Therefore, neutrophil-derived
proteases can escalate inflammation
through processing of extracellular
cytokines.
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SUMMARY

Recent evidence has strongly implicated the IL-1
family cytokines IL-36a, IL-36f3, and IL-36y as key
initiators of skin inflammation. Similar to the other
members of the IL-1 family, IL-36 cytokines are
expressed as inactive precursors and require pro-
teolytic processing for activation; however, the
responsible proteases are unknown. Here, we show
that IL-36«, IL-3683, and IL-36v are activated differ-
entially by the neutrophil granule-derived proteases
cathepsin G, elastase, and proteinase-3, increasing
their biological activity ~500-fold. Active IL-36 pro-
moted a strong pro-inflammatory signature in pri-
mary keratinocytes and was sufficient to perturb
skin differentiation in a reconstituted 3D human
skin model, producing features resembling psoriasis.
Furthermore, skin eluates from psoriasis patients
displayed significantly elevated cathepsin G-like
activity that was sufficient to activate IL-363. These
data identify neutrophil granule proteases as potent
IL-36-activating enzymes, adding to our under-
standing of how neutrophils escalate inflammatory
reactions. Inhibition of neutrophil-derived proteases
may therefore have therapeutic benefits in psoriasis.

INTRODUCTION

Interleukin 1 (IL-1) family cytokines, which include the recently
described IL-364a, B, and y proteins, play major roles as initiators
of inflammation and are frequently among the first cytokines pro-
duced in response to infection or injury (Kono and Rock, 2008;
Sims and Smith, 2010; Afonina et al., 2015). IL-1 family cytokines
are capable of triggering complex cascades of additional cyto-
kine production from diverse cell types, such as resident tissue
macrophages and dendritic cells as well as keratinocytes and
endothelial cells lining local blood vessels (Towne et al., 2004; Di-
narello, 2009; Vigne et al., 2011, 2012; Milovanovic et al., 2012).
IL-36a, IL-36B, and IL-36y are encoded by distinct genes, and
evidence is accumulating rapidly to suggest that these cytokines
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play a key role in skin inflammation, particularly in psoriasis
(Blumberg et al., 2007, 2010; Johnston et al., 2011; Marrakchi
et al., 2011; Tortola et al., 2012; Towne and Sims, 2012; Farooq
et al., 2013; Kanazawa et al., 2013).

Individuals that carry hypomorphic mutations in the IL-36 re-
ceptor antagonist (IL-36RA) display a severe and highly debili-
tating form of psoriasis called generalized pustular psoriasis
(Marrakchi et al., 2011; Farooq et al., 2013; Kanazawa et al.,
2013). This suggests that deregulated IL-36 cytokine signaling
is sufficient to drive aggressive skin inflammation and also
that IL-36 is an important barrier cytokine. Analysis of IL-36
mRNA expression in skin biopsies from individuals with the
most common form of psoriasis, psoriasis vulgaris, found
dramatically elevated expression (100-fold) of all three IL-36
transcripts compared with non-lesional skin from the same indi-
viduals or non-affected controls (Blumberg et al., 2010; John-
ston et al., 2011). Consistent with the idea that elevated IL-36
activity is an initiating event in psoriasis, transgenic expression
of IL-360 in the mouse leads to a psoriasis-like condition at birth
that can be exacerbated further with the skin irritant phorbol
acetate (Blumberg et al., 2007). Moreover, application of a Toll
receptor agonist (imiquimod) to the skin of humans and mice
can provoke psoriasis outbreaks (Wu et al., 2004; Tortola
et al., 2012) that are increased in severity in IL-36RA~'~ mice
(Tortola et al., 2012). Furthermore, imiquimod-induced psoriasis
in mouse models is abolished completely on an IL-36R~'~ back-
ground (Tortola et al., 2012). Finally, transplantation of human
psoriatic lesions onto immunodeficient (severe combined im-
munodeficiency) mice produces a psoriasis-like condition that
is greatly improved through blocking the IL-36 receptor (Blum-
berg et al., 2010).

IL-36a, IL-368, and IL-36 are all generated as leaderless cy-
tokines that lack biological activity (Towne et al., 2011). There-
fore, proteolytic processing of IL-36 cytokines is required to
unleash their pro-inflammatory activity, similar to other members
of the IL-1 family, such as IL-1f and IL-18 (Afonina et al., 2015).
Sims and colleagues (Towne et al., 2011) have shown that
removal of a small number of residues from the N termini of
IL-36a, IL-36B, and IL-36y increases their biological activity by
more than 10,000-fold. Because IL-36 cytokines appear to
play a key role as initiators of inflammation in the skin barrier,
inhibitors of IL-36 proteolytic activation may have consider-
able potential for the treatment of inflammatory skin conditions.
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