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Abstract:

Group 2 innate lymphoid cells (ILC2) are effectors of barrier immunity, with roles in infection,
wound healing and allergy. A proportion of ILC2 express MHCII and are capable of presenting
peptide antigens to T-cells and amplifying the subsequent adaptive immune response. Recent
studies have highlighted the importance of CDla-reactive T-cells in allergy and infection,
activated by the presentation of endogenous neolipid antigens and bacterial cell wall components.
Here, using a human skin challenge model, we unexpectedly show that human skin-derived ILC2
can express CD1a and are capable of presenting endogenous antigens to T-cells. CD1a expression
is upregulated by TSLP at levels observed in the skin of patients with atopic dermatitis, and the
response is dependent on PLA2G4A. Furthermore, this pathway is used to sense Staphylococcus
aureus by promoting TLR-dependent CD1la-reactive T-cell responses to endogenous ligands.
These findings define a previously unrecognized role for ILC2 in lipid surveillance, and identify
shared pathways of CD1a- and PLA2G4A-dependent ILC2 inflammation amenable to therapeutic

intervention.



Introduction

Human group-2 innate lymphoid cells (ILC2) provide a rapid source of type-2 cytokines,
producing large amounts of IL-13 and IL-5, as well as IL-6, IL-9, IL-4, GM-CSF and
amphiregulin. ILC2 are present at barrier surfaces where they have essential roles in homeostasis
and disease, including defense during viral (/, 2) and parasitic infections (3, 4); with emerging
evidence suggesting responses to bacteria (5). Dysregulated ILC2 responses contribute to skin

allergy and asthma (6, 7).

ILC2 rely on RORa for development (8), and the ILC family is thought to differentiate from
Common Lymphoid Progenitors requiring signals via IL-2R common-y chain, inhibitor of DNA
binding 2, nuclear factor interleukin-3, T-cell factor 1, GATA-binding protein 3, promyelocytic
leukemia zinc finger and Notch (9). In humans, ILC2 have been identified in blood, skin, nasal,
gut and lung tissue (/0), where they are identified by lack of cell surface markers of known lineages
and by expression of IL-7Ra and CRTH2 (/7). CRTH2 is the receptor for the lipid mediator
PGD2, which is released from mast cells and other cells during infection and allergy (/2). ILC2
are also characterized by expression of receptors for alarmin cytokines IL-25, IL-33 and TSLP
(13). Such characteristics thus position ILC2 as rapid effectors and sentinels capable of mediating

responses to cutaneous and mucosal barrier breach.

As well as being resident in healthy human skin, we and others showed that ILC2 are enriched
within atopic dermatitis lesional skin (7, /4, 15). Furthermore, analysis of human skin biopsies
and murine studies have established that skin trauma induces IL-33-dependent ILC2 proliferation,
migration and amphiregulin expression (7, /4, 16). Notably, abrogation of these ILC2 responses
impaired efficient wound closure. Murine and human ILC2 have been shown to express functional
MHCII (17, 18) and a dialogue exists between antigen-specific CD4" T-cells and MHCIT" ILC2.
ILC2 presentation of peptide antigen to T-cells induces IL-2 production from T-cells, which in
turn promotes ILC2 proliferation and IL-13 production. ILC2-derived IL-13 induced

N.brasiliensis expulsion is dependent on ILC2 expression of MHCILI.

CDla is predominantly expressed in the skin, with constitutively high expression on Langerhans

cells (LC), as well as subsets of dermal dendritic cells (DCs), macrophages and DCs at other sites,



and on thymocytes (/9). CDla is capable of presenting lipids to CD1a-reactive T-cells, including
both self-lipids and exogenous lipids (20, 27). Until recently it was believed that T-cell receptor
signaling was predominantly induced following the lipid polar head group interacting with the
TCR of CDla-responsive T-cells. Such CDla ligands include sphingolipids and phospholipids,
sulfatide and the mycobacterial lipopeptide didehydroxymycobactin (22). Within the last few
years, our understanding of the diversity of CD1a ligands has extended. Smaller headless oily
antigens derived, for example, from the sebum of the skin, bind CDla and are capable of

stimulating T-cells, without direct interaction of the TCR with the ligand (23).

Skin CDla is positioned to signal barrier compromise to T-cells through presentation of
endogenous or exogenous lipids. As well as promoting homeostasis and immunity, CD1a" antigen
presenting cells (APCs) are enriched in atopic dermatitis lesions (24). Indeed the altered lipid
milieu of lesional skin has the potential to convey damage (25, 26). CDla-reactive T-cells have
been found to circulate at relatively high frequencies and reside in healthy skin (27) and to secrete
cytokines that contribute to defense against infection, wound healing and skin inflammation

including IFNy, IL-22, IL-13, TNFa, IL-17A and GM-CSF (25, 28).

Recently, we identified that allergen-derived phospholipase (PLA2) within house dust mite
(HDM) and wasp and bee venom generate CD1a ligands by acting on membrane phospholipids
and releasing neolipids that activate T-cell cytokine production (25, 29). In a recent study from
our group, endogenous human phospholipase, PLA2G4D, released from mast cells in exosomes,

generated ligands activating CD1a-reactive T-cells in psoriasis lesions (28).

In contrast, the PLA2G4A member of the PLA2 enzyme family is known to be elevated in allergic
environments (30-36). PLA2G4A is cytosolic and generates arachidonic acid derivatives, but has
not been examined for roles in CDla-reactive T-cell responses. PLA2G4A is expressed by
alveolar macrophages, mucosal epithelial cells of the lung, nose and small intestine (37),
neutrophils (38), dendritic cells and mast cells(39, 40), and so would be well placed to generate
neolipid antigens for presentation by the CD1 protein family at barrier surfaces. Here, we aimed
to investigate whether ILC2 could contribute to human CD1a-mediated T-cell responses. Using

an in vivo human skin challenge model, we observed that human skin ILC2 could express the CD1



group 1 protein CD1a which was regulated by TSLP. Furthermore ILC2 could present endogenous
lipid antigens to CD1a-reactive T cells which was explained by their expression of PLA2G4A, and
this pathway was used to sense S. aureus and promote skin inflammation. These findings link
ILC2, PLA2G4A, and CDla in contributing to human atopic skin inflammation, and raise the
possibility that inhibition of this pathway may have therapeutic benefit.



Results

Human skin ILC2 can express CDla

To analyze the phenotype of ILC2 in the skin upon allergic challenge, skin suction blisters were
formed after intra-epidermal injection of HDM allergen and ILC2 were isolated by fluorescence
guided cell sorting and gene expression analyzed by RNA sequencing (Fig. 1A, fig. STA and Fig.
1B). While technically challenging to obtain sufficient cell numbers, the advantage of the skin
suction blister system is that skin cells can be isolated without need for the physical/enzymatic
processing required for conventional skin biopsies with attendant risks of modulation of gene
expression. These analyses showed that the gene expression of CD1a was highly and specifically
upregulated in skin blister-derived ILC2, in comparison to blood derived ILC2 or T-cells.
Contrary to the recent report of murine ILC3 expression of CDI1d (4/), we did not detect
meaningful CD1d expression on human blister-infiltrating ILC2 (Fig. 1B).

To validate the RNA sequencing result in multiple donors and under steady-state conditions,
healthy unchallenged human skin was analyzed ex vivo for expression of CDla by ILC2 using
flow cytometry. CD1a was observed on a small proportion of the ILC2 analyzed within the whole
skin biopsies suggesting functional heterogeneity (Fig. 1C). However, we reasoned that given the
specific epidermal sub-location of LC which express high levels of CD1a (Fig. 1D and fig. S1B),
epidermal ILC2 might also be enriched for CDla expression. Indeed, CDla was detected on
approximately 20% of epidermal ILC2, at significantly higher levels than whole skin ILC2 (Fig.
1E, 1F and fig. SIC) (p = 0.0116). LC showed a similar mean fluorescence intensity of CD1a as
epidermal CD1a"ILC2, although CD1a was present on a greater proportion of the LC than ILC2
(Fig. 1D - F). CD1a was not observed on epidermal T-cells (Fig. 1G and fig. S1D). These findings
suggested that subsets of skin-derived ILC2 express CDla and therefore may be capable of

presenting antigen to CD1a-reactive T-cells.

In contrast to skin ILC2, CD1a expression was not detected on blood derived ILC2 (Fig. 2A, 2B
and fig. S1E and S1F), nor ILC2 cultured in human serum (Fig. 2C). In order to investigate
whether the CD1a-expressing skin ILC2 represented a distinct lineage, or whether CD1a could be
regulated by epidermal-derived cytokines, we measured the levels of 1L-33, IL-25 and TSLP in



the skin suction blisters after HDM challenge in patients with atopic dermatitis and controls. TSLP
was detected in human skin suction blister fluid following HDM challenge, and was found to be
at a higher concentration in the blister fluid isolated from patients with atopic dermatitis (Fig. 2D)
(p = 0.0374). We could not reliably identify IL-25 in the skin, and levels of IL-33 were not
significantly different between subject groups (p = 0.6655, Fig. 2E). We therefore investigated
the effects of TSLP on CD1a expression by ILC2, and showed TSLP induced CD1a expression.
Notably, removal of human serum, and replacement with fetal calf serum (FCS), is known to
release the inhibition of CDla expression by DCs (42); cardiolipin and lysophosphatidic acid
within human serum modulate CD1a expression. Therefore we cultured blood-derived ILC2 in
FCS-containing media for 72 hours which increased CD1a expression by the blood derived ILC2
(p=0.0159); and was further enhanced by TSLP (Fig. 2F and fig. S2) (p =0.0068). In the presence
of FCS, CD1a expression by ILC2 was also induced by IL-33, PGD2 and LTE4 at concentrations
known to be functionally relevant for ILC2 (12, 43) (fig. S2). Taken together, these data suggested
that skin-derived ILC2 expression of CDla is regulated by skin-derived alarmin and by loss of
inhibitory effects of serum. In this way, CDla expression can be restricted to sub-locations

limiting potential unconstrained CD1a autoreactivity in the steady state.

ILC?2 are capable of activating T-cells via CDl1a

To determine the functional significance of ILC2 CD1a expression, we analyzed ILC2 ability to
present lipid antigens to polyclonal T-cells. ILC2 were co-cultured with autologous ex vivo blood
derived polyclonal T-cells for 24 hours with or without anti-MHC I/II and anti-CD1a antibodies
(OKT6). IFNy and IL-22 production following co-culture showed ILC2 could mediate CD1a-
dependent T-cell responses (Fig. 3A and 3B).

We sought to determine if ILC2, like dendritic cells (25), could present HDM-derived lipid ligands
to T-cells via CDla. We pulsed CDla-induced blood-derived FCS-cultured ILC2 with HDM
extract overnight at 7 pg/ml, with anti-CD1a or control. ILC2 were washed and co-cultured with
polyclonal T-cells for 24 hours. HDM-pulsed ILC2 activated T-cells in a manner partially
dependent on CD1a, inducing IFNy and IL-22 secretion (Fig. 3A and 3B). ILC2 alone did not
produce IFNy or IL-22, even when stimulated with PMA and ionomycin (Fig. 3A and 3B).



ELISpot assays could not be used to analyze IL-13 secretion by T-cells because ILC2 derived-IL-
13 could confound. We therefore used flow cytometry and showed HDM-pulsed ILC2 elicited T-
cell derived IL-13, in a CD1a-dependent manner (Fig. 3C) (p < 0.0001).

Both the autoreactive response and presentation of HDM-induced ligands by ILC2 CDla were
amplified by TSLP (Fig. 4A and 4B). ILC2 were stimulated with two different concentrations of
TSLP throughout our investigations: 50 ng/ml a typical concentration of TSLP used to stimulate
ILC2 in vitro and 0.1 ng/ml that was more representative of TSLP levels we found in the skin (Fig.
2D). No statistically significant difference was found between prior treatment of ILC2 with the

higher and lower concentrations of TSLP (Fig. 4C and 4D).

ILC2 express PLA2G4A

Phospholipase A2 (PLA2) has been identified as one of the components of HDM which generates
neolipid antigens presented by CD1a (25). To determine if ILC2 could be induced to express host
PLA2 in a HDM response, RNA sequencing data from HDM-challenged skin suction blister-
derived ILC2 were analyzed for PLA2 gene expression. PLA2G4A and PLA2G7 were most highly
expressed by skin ILC2 (Fig. 5SA). PLA2G7 has a preferred substrate of platelet activating factor
and was more highly expressed by blood ILC2 than skin ILC2. Given the enriched skin-specific
expression of PLA2G4A, we focused on its potential role in the generation of CD1a ligands. TSLP
stimulation of ILC2 induced a significant upregulation of PLA2G4A gene expression (1.5 fold),
measured by rtPCR. Cytosolic PLA2 can act extracellularly to generate CD1a ligands (28) and so
we produced recombinant PLA2G4A and confirmed biochemical cPLA2 activity, which was
inhibited by Methyl arachidonyl fluorophosphonate (MAFP) (Fig. 5B). PLA2G4A was incubated
with FCS-cultured ILC2 overnight, with/without MAFP; the ILC2 were then washed prior to co-
culture with T-cells. Activated T-cells produced IFNy and IL-22, and MAFP blocked the response
(Fig. 5C and 5D). There was no significant effect of MAFP on the unpulsed response suggesting
that it is not acting non-specifically (IFNy p = 0.1805, IL-22 p > 0.9999). Furthermore, the
response was amplified by TSLP-induced CDla’ILC2 (Fig. 5E and 5F), and PLA2G4A



contributed to CD1a'ILC2 presentation to IL-13-producing T-cells (Fig. 5G). These data
suggested that the CD1a-mediated activation of T-cells by ILC2 is dependent on PLA2G4A.

Staphylococcus aureus promotes ILC2 presentation of endogenous antigens to CD1a-reactive T-

cells

Staphylococcus aureus infection promotes PLA2G4A activity (44-47). Lee et. al. showed that
S.aureus infection induces upregulation of PLA2G4A and elicits PGE2 and IL-6 responses in the
lung, with TLR2-dependence (47). Atopic dermatitis is exacerbated by S.aureus and disease
severity is directly associated with bacterial density (48). Thus, we reasoned that S.aureus may be
sensed by a similar pathway. FCS-cultured ILC2 were pulsed with heat-killed S.aureus and co-
incubated with T-cells. We observed that ILC2 exposed to S.aureus could activate T-cells to
secrete IFNy and IL-22, which was partially dependent on CD1a (Fig. 6A and 6B) (IFNy p <
0.0001, IL-22 p = 0.0002). The IL-22 response was upregulated by prior incubation with TSLP.
Interestingly, TSLP did not amplify the S.aureus—induced IFNy response (Fig. 6C and 6D),
suggesting distinct cytokine induction mechanisms; however IL-22 is known to trigger anti-
microbial pathways in keratinocytes (49), potentially reflecting appropriate S.aureus-induced
responses detected here. These data suggested that CDla ligands were present in heat-killed
S.aureus, and/or that S.aureus could generate endogenous CD1a ligands. We next incubated ILC2
with heat-killed S.aureus and assessed PLA2G4A mRNA expression, and observed PLA2G4A gene
induction (Fig. 7A) (p =0.0258). Heat-killed S.aureus can be employed experimentally as a source
of TLR2 and TLR4 ligands, and so in order to investigate the underlying mechanisms, we analyzed
the effects of Pam3CSK4 (TLR2 agonist) and LPS (TLR4 agonist) on PLA2G4A expression. Both
agonists induced expression of the PLA2G4A4 gene by ILC2 (Fig. 7B).

These results raised the question of how ILC2-derived PLA2G4A could exert extracellular CD1a
dependent effects. As discussed above, PLA2G4A could be produced from ILC2 in a manner
similar to release of PLA2G4D from mast cells (28). Therefore we assayed ILC2 culture
supernatant for cPLA2 activity to determine if cPLA2 was produced by ILC2 in vitro. As was
observed at the mRNA level, TLR2 (p = 0.0152) and TLR4 ligands (p = 0.0413), and heat-killed
S.aureus (p < 0.0001) stimulated release of cPLA2 by ILC2 (Fig. 7C). It is of note that the heat-

9



killed S.aureus preparation did not contain cPLA2 or sPLA2 activity. We next compared the
capability of ILC2 isolated from the blood of patients with atopic dermatitis (AD) and healthy
controls, to express PLA2G4A following stimulation with TLR2 and TLR4 ligands, and heat-
killed S.aureus. AD patient-derived ILC2 showed a greater capacity to produce PLA2G4A in
response to LPS (p = 0.0329) and PamCSK (p < 0.0001) consistent with disease-relevance of the
pathway (Fig. 7D). In order to confirm the roles of TLR2 and TLR4, ILC2 were pre-incubated
with cPLA2 inhibitor or anti-TLR2 and TLR4 antibodies, and then pulsed with heat-killed
S.aureus prior to co-culture with T-cells. The CDla-dependent activation of T-cell IFNy, IL-22
and IL-13 production was reduced by inhibition of cPLA2 and of TLR2 and TLR4 signaling (Fig.
8A, 8B, 8C). Taken together, these data showed that the S. aureus-derived TLR2 and TLR4 ligands

can induce PLA2G4A-dependent presentation of endogenous ligands to CD1a-reactive T-cells.
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Discussion

CDlais expressed at constitutively high levels by LC, which instigate innate and adaptive immune
responses within the skin, presenting both host and foreign lipid ligands to effector T-cells at the
site of damage or infection (25, 29, 50). The role of LC in presentation of CD1a ligands is well
established and has been demonstrated in both human studies (25, 28, 29) and in vivo usinga CDla
transgenic model of contact dermatitis and psoriasis (50). We now show a previously
unrecognized role for ILC2 as CDla-expressing barrier sentinels with lipid antigen presentation
capacity, and suggest that CD1a antigen presentation occurs through a more diverse population of
cells. We observed that CD1a was highly expressed on a subpopulation of skin ILC2 enriched in
healthy epidermis, and expressed at a comparable intensity to skin APC. CDla expression was
induced by the epidermal alarmin TSLP and by loss of inhibitory effects of serum. Thus CDla"
ILC2 may represent an antigen-presenting subpopulation of skin resident ILC2 which can be
further regulated under certain stimuli, for example the cytokine milieu associated with skin
damage or infection. ILC2-expressing CDla induced a T-cell response which was found to be
partially dependent on PLA2G4A, consistent with the generation of permissive CD1a ligands (27,
28, 51).

Recently, we showed that CD1a contributes to the inflammatory response to HDM in the skin, and
indeed LC are enriched within atopic dermatitis lesions. HDM generated neolipid antigens
presented by CD1a to T-cells in the blood and skin of affected individuals. HDM-derived secretory
PLA2 was proposed to cleave membrane phospholipids generating CD1a ligands. This response
was controlled by filaggrin inhibition of PLA2. Thus genetic loss of filaggrin inhibition of HDM-
sPLA2 may alert CD1a-reactive T-cells to barrier compromise. Dysregulated ILC2 responses have
been implicated in allergy, and indeed human ILC2 are enriched in atopic dermatitis lesions and
rhinosinusitis nasal polyps (/7). ILC2 responses are thought to be activated by epithelium-derived
cytokines, specifically IL-25, IL-33 and TSLP. These cytokines are rapidly released from
damaged epithelial cells in response to stress such as infection, injury and inflammation, and
activate ILC2. Many known allergens, such as HDM, contain enzymes that cause damage to the
epithelium releasing type-2-inducing cytokines (52). This initial damage response then amplifies
innate immunity and alerts the adaptive immune system. Indeed IL-33 induces ILC2 production

of cytokines that recruit and activate Th2 cells, eosinophils, mast cells and induce hyper-
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responsiveness in the epithelium (7, 73, 53). Here we show that in addition to production of
effector cytokines, ILC2 can present HDM ligands directly to T-cells via CD1a. HDM-challenged
ILC2 activated T-cells to produce IFNy, IL-22 and IL-13. It is of interest that our results suggest
that ILC2 can interact directly with allergens and are not limited to activation by damage-

associated cytokine release.

A striking feature of atopic dermatitis lesional skin is the colonization by S.aureus (48). ILC2 and
CDla proteins would be poised to interact with the bacteria, being enriched in lesional skin. Our
results suggest that ILC2 could activate inflammatory T-cells in a CDla-dependent manner
through direct sensing of S.aureus and through production of PLA2G4A. Indeed a study of human
ILC2 in lesional atopic dermatitis skin found elevated ILC2 numbers and observed that ILC2 are
in close contact with T-cells in tissue sections (54). PLA2 production by ILC2 has not previously
been described, however it is of interest that increased expression of PLA2G4A has been observed
in HDM-induced dermatitis skin lesions (55) and has been linked to allergic disease in a number
of studies (56-59). These findings implicate an inflammatory cycle in which ILC2 PLA2G4A
promotes a CDla-dependent T-cell response, as well as the production of arachidonic acid
pathway derivatives including PGD2, for which the receptor CRTH2 is expressed by ILC2 (12).
Successful attempts have been made to therapeutically target PLA2G4A, showing inhibition of

inflammation in animal models of both skin and lung allergic disease (55, 60).

Given the known PLA2G4A inducing capacity of S.aureus, we reasoned that this CD1a pathway
may contribute to the S.aureus associated skin inflammation. We confirmed S.aureus induced
PLA2G4A and showed that this could be mediated by TLR2 or TLR4 stimulation. The
PLA2G4A-induction associated with enhanced capacity of ILC2 presentation of endogenous
neolipid antigens to CD1a-reactive T-cells, suggesting that S.aureus may be sensed through this
CD1a pathway to promote an inflammatory response. Inhibition of cPLA2 activity and TLR2 and
4 signaling demonstrated that PLA played a dominant role in CD1a sensing of S.aureus. However
we cannot rule out the hypothesis that heat-killed S.aureus also contained ligands which could be
directly presented by CDla on ILC2, even though only a minor PLA-independent effect was
measured. It will be important to investigate the nature of such potential ligands. CDla can

capture and display extracellular lipids without the use of more complex intracellular processing
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pathways, trafficking between the cell surface and early endosomes (6/). Our study now
highlights the potential role of CDla in ILC2 lipid antigen presentation in humans with
dependence on PLA2G4A; indeed we show that ILC2 derived from atopic dermatitis patients
displayed greater capacity to express PLA2G4A.

While the skin suction blister technique offered us access to human skin fluid and cells directly ex
vivo without the need for further processing, it does add a potential limitation of the study. Skin
suction blisters inevitably introduce physical trauma to the skin and so comparisons with/ without
antigen become important. In addition when studying ILC2, multiple suction blisters are required,
thus participant numbers become limiting. The scarcity of ILC2 in the skin and suction blisters
lead to modelling of the CD1a"TLC2 subpopulation in cultured blood ILC2 to generate sufficient
numbers of cells for functional analyses. This added complexity to our study and is something we
considered when interpreting the data and in the use of experimental controls and neutralizing
antibodies. It can be difficult to prove causality in human immunology, despite the need for
translational work involving human subjects. Human skin antigenic challenge offers temporal
associations with clinical and immunological findings, lending support of causality, but CDla
transgenic models and human skin grafts in immunodeficient models may offer further evidence

in the future.

The identification of skin-derived ILC2 as cells with CD1a antigen presentation capacity furthers
our understanding of the cross-talk between ILC2 and T-cells. The presence of CDla'ILC2
resident in the epidermis facilitates rapid sensing of immunological stress and defense against
infection and wound healing. Therapeutic strategies to regulate CDla" ILC2 and PLA2G4A

activity may provide novel treatment opportunities for inflammatory skin disease.
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Supplementary materials

Fig. S1. Gating strategy for analysis of ILC2.

Fig. S2. Stimulation of CD1a expression by blood derived ILC2
Supplementary Materials and Methods

Table S1. PDF file of Source data

Table S2. Table of R.P.K.M expression values for RNA sequencing data.

14



References

1.

10.

11.

12.

13.

14.

D.J. Jackson, H. Makrinioti, B.M. Rana, B.W. Shamji, M.B. Trujillo-Torralbo, J. Footitt, D.-R. Jerico,
A.G. Telcian, A. Nikonova, J. Zhu, J. Aniscenko, L. Gogsadze, E. Bakhsoliani, S. Traub, J. Dhariwal, J.
Porter, D. Hunt, T. Hunt, T. Hunt, L.A. Stanciu, M. Khaitov, N.W. Bartlett, M.R. Edwards, O.M. Kon,
P. Mallia, N.G. Papadopoulos, C.A. Akdis, J. Westwick, M.J. Edwards, D.J. Cousins, R.P. Walton, S.L.
Johnston, IL-33-dependent type 2 inflammation during rhinovirus-induced asthma exacerbations
in vivo. Am J Respir Crit Care Med 190, 1373-1382 (2014).

D.H. Shim, Y.A. Park, M.J. Kim, J.Y. Hong, J.Y. Baek, K.W. Kim, Y.H. Byun, B.L. Seong, S. Ryu, M.K.
Song, K.J. Hong, W. Na, D. Song, J.H. Park, M.H. Sohn, J.M. Lee, Pandemic influenza virus, pH1N1,
induces asthmatic symptoms via activation of innate lymphoid cells. Pediatr Allergy Immunol 26,
780-788 (2015).

T. Bouchery, R. Kyle, M. Camberis, A. Shepherd, K. Filoey, A. Smith, M. Harvie, G. Painter, K.
Johnston, P. Ferguson, R. Jain, B. Roediger, B. Delahunt, W. Weninger, E. Forbes-Blom, G. Le Gros,
ILC2s and T cells cooperate to ensure maintenance of M2 macrophages for lung immunity against
hookworms. Nat Commun 6, 6970 (2015).

D.R. Neill, S.H. Wong, A. Bellosi, R.J. Flynn, M. Daly, T.K. Langford, C. Bucks, C.M. Kane, P.G. Fallon,
R. Pannell, H.E. Jolin, A.N. McKenzie, Nuocytes represent a new innate effector leukocyte that
mediates type-2 immunity. Nature 464, 1367-1370 (2010).

L.A. Mielke, J.R. Groom, L.C. Rankin, C. Seillet, F. Masson, T. Putoczki, G.T. Belz, TCF-1 controls ILC2
and NKp46+RORgammat+ innate lymphocyte differentiation and protection in intestinal
inflammation. J Immunol 191, 4383-4391 (2013).

J.L. Barlow, A. Bellosi, C.S. Hardman, L.F. Drynan, S.H. Wong, J.P. Cruickshank, A.N. McKenzie,
Innate IL-13-producing nuocytes arise during allergic lung inflammation and contribute to airways
hyperreactivity. J Allergy Clin Immunol 129, 191-198 €191-194 (2012).

M. Salimi, J.L. Barlow, S.P. Saunders, L. Xue, D. Gutowska-Owsiak, X. Wang, L.C. Huang, D. Johnson,
S.T. Scanlon, A.N. McKenzie, P.G. Fallon, G.S. Ogg, A role for IL-25 and IL-33-driven type-2 innate
lymphoid cells in atopic dermatitis. J Exp Med 210, 2939-2950 (2013).

S.H. Wong, J.A. Walker, H.E. Jolin, L.F. Drynan, E. Hams, A. Camelo, J.L. Barlow, D.R. Neill, V.
Panova, U. Koch, F. Radtke, C.S. Hardman, Y.Y. Hwang, P.G. Fallon, A.N. McKenzie, Transcription
factor RORalpha is critical for nuocyte development. Nat Immunol 13, 229-236 (2012).

A. Diefenbach, M. Colonna, S. Koyasu, Development, differentiation, and diversity of innate
lymphoid cells. Immunity 41, 354-365 (2014).

J.L. Barlow, A.N. McKenzie, Type-2 innate lymphoid cells in human allergic disease. Curr Opin
Allergy Clin Immunol 14, 397-403 (2014).

J.M. Mjosberg, S. Trifari, N.K. Crellin, C.P. Peters, C.M. van Drunen, B. Piet, W.J. Fokkens, T.
Cupedo, H. Spits, Human IL-25- and IL-33-responsive type 2 innate lymphoid cells are defined by
expression of CRTH2 and CD161. Nat Immunol 12, 1055-1062 (2011).

L. Xue, M. Salimi, I. Panse, J.M. Mjosberg, A.N. McKenzie, H. Spits, P. Klenerman, G. Ogg,
Prostaglandin D2 activates group 2 innate lymphoid cells through chemoattractant receptor-
homologous molecule expressed on TH2 cells. J Allergy Clin Inmunol 133, 1184-1194 (2014).

J.L. Barlow, S. Peel, J. Fox, V. Panova, C.S. Hardman, A. Camelo, C. Bucks, X. Wu, C.M. Kane, D.R.
Neill, R.J. Flynn, 1. Sayers, I.P. Hall, A.N. McKenzie, IL-33 is more potent than IL-25 in provoking IL-
13-producing nuocytes (type 2 innate lymphoid cells) and airway contraction. J Allergy Clin
Immunol 132, 933-941 (2013).

B. Roediger, R. Kyle, K.H. Yip, N. Sumaria, T.V. Guy, B.S. Kim, A.J. Mitchell, S.S. Tay, R. Jain, E.
Forbes-Blom, X. Chen, P.L. Tong, H.A. Bolton, D. Artis, W.E. Paul, B. Fazekas de St Groth, M.A.

15



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Grimbaldeston, G. Le Gros, W. Weninger, Cutaneous immunosurveillance and regulation of
inflammation by group 2 innate lymphoid cells. Nat Immunol 14, 564-573 (2013).

M. Salimi, L. Xue, H. Jolin, C. Hardman, D.J. Cousins, A.N. McKenzie, G.S. Ogg, Group 2 Innate
Lymphoid Cells Express Functional NKp30 Receptor Inducing Type 2 Cytokine Production. J
Immunol 196, 45-54 (2016).

G.D. Rak, L.C. Osborne, M.C. Siracusa, B.S. Kim, K. Wang, A. Bayat, D. Artis, S.W. Volk, IL-33-
Dependent Group 2 Innate Lymphoid Cells Promote Cutaneous Wound Healing. J Invest Dermatol
136, 487-496 (2016).

A.S. Mirchandani, A.G. Besnard, E. Yip, C. Scott, C.C. Bain, V. Cerovic, R.J. Salmond, F.Y. Liew, Type
2 innate lymphoid cells drive CD4+ Th2 cell responses. J Immunol 192, 2442-2448 (2014).

C.J. Oliphant, Y.Y. Hwang, J.A. Walker, M. Salimi, S.H. Wong, J.M. Brewer, A. Englezakis, J.L. Barlow,
E. Hams, S.T. Scanlon, G.S. Ogg, P.G. Fallon, A.N. McKenzie, MHCll-mediated dialog between group
2 innate lymphoid cells and CD4(+) T cells potentiates type 2 immunity and promotes parasitic
helminth expulsion. Immunity 41, 283-295 (2014).

N. Mizumoto, A. Takashima, CD1a and langerin: acting as more than Langerhans cell markers. J
Clin Invest 113, 658-660 (2004).

D.B. Moody, D.C. Young, T.Y. Cheng, J.P. Rosat, C. Roura-Mir, P.B. O'Connor, D.M. Zajonc, A. Walz,
M.J. Miller, S.B. Levery, I.A. Wilson, C.E. Costello, M.B. Brenner, T cell activation by lipopeptide
antigens. Science 303, 527-531 (2004).

D.M. Zajonc, M.A. Elsliger, L. Teyton, I.A. Wilson, Crystal structure of CD1a in complex with a
sulfatide self antigen at a resolution of 2.15 A. Nat Immunol 4, 808-815 (2003).

D.M. Zajonc, M.D. Crispin, T.A. Bowden, D.C. Young, T.Y. Cheng, J. Hu, C.E. Costello, P.M. Rudd,
R.A. Dwek, M.J. Miller, M.B. Brenner, D.B. Moody, |.A. Wilson, Molecular mechanism of
lipopeptide presentation by CD1a. Immunity 22, 209-219 (2005).

R.W. Birkinshaw, D.G. Pellicci, T.Y. Cheng, A.N. Keller, M. Sandoval-Romero, S. Gras, A. de Jong,
A.P. Uldrich, D.B. Moody, D.I. Godfrey, J. Rossjohn, alphabeta T cell antigen receptor recognition
of CD1a presenting self lipid ligands. Nat Immunol 16, 258-266 (2015).

E. Gros, C. Bussmann, T. Bieber, I. Forster, N. Novak, Expression of chemokines and chemokine
receptors in lesional and nonlesional upper skin of patients with atopic dermatitis. J Allergy Clin
Immunol 124, 753-760 e751 (2009).

R. Jarrett, M. Salio, A. Lloyd-Lavery, S. Subramaniam, E. Bourgeois, C. Archer, K.L. Cheung, C.
Hardman, D. Chandler, M. Salimi, D. Gutowska-Owsiak, J. Bernardino de la Serna, P.G. Fallon, H.
Jolin, A. McKenzie, A. Dziembowski, E.l. Podobas, W. Bal, D. Johnson, D.B. Moody, V. Cerundolo,
G. Ogg, Filaggrin inhibits generation of CD1a neolipid antigens by house dust mite-derived
phospholipase. Sci Transl Med 8, 325ra318 (2016).

A.M. Saaf, M. Tengvall-Linder, H.Y. Chang, A.S. Adler, C.F. Wahlgren, A. Scheynius, M.
Nordenskjold, M. Bradley, Global expression profiling in atopic eczema reveals reciprocal
expression of inflammatory and lipid genes. PLoS One 3, e4017 (2008).

A. de Jong, V. Pena-Cruz, T.Y. Cheng, R.A. Clark, I. Van Rhijn, D.B. Moody, CDla-autoreactive T
cells are a normal component of the human alphabeta T cell repertoire. Nat Immunol 11, 1102-
1109 (2010).

K.L. Cheung, R. Jarrett, S. Subramaniam, M. Salimi, D. Gutowska-Owsiak, Y.L. Chen, C. Hardman,
L. Xue, V. Cerundolo, G. Ogg, Psoriatic T cells recognize neolipid antigens generated by mast cell
phospholipase delivered by exosomes and presented by CD1a. J Exp Med 213, 2399-2412 (2016).
E.A. Bourgeois, S. Subramaniam, T.Y. Cheng, A. De Jong, E. Layre, D. Ly, M. Salimi, A. Legaspi, R.L.
Modlin, M. Salio, V. Cerundolo, D.B. Moody, G. Ogg, Bee venom processes human skin lipids for
presentation by CD1a. J Exp Med 212, 149-163 (2015).

16



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

S.H. Cho, H.J. You, C.H. Woo, Y.J. Yoo, J.H. Kim, Rac and protein kinase C-delta regulate ERKs and
cytosolic phospholipase A2 in FcepsilonRlI signaling to cysteinyl leukotriene synthesis in mast cells.
JImmunol 173, 624-631 (2004).

Y.W. Chung, H.Y. Oh, J.Y. Kim, J.H. Kim, L.Y. Kim, Allergen-induced proteolytic cleavage of annexin-
1 and activation of cytosolic phospholipase A2 in the lungs of a mouse model of asthma.
Proteomics 4, 3328-3334 (2004).

S. Myou, H. Sano, M. Fujimura, X. Zhu, K. Kurashima, T. Kita, S. Nakao, A. Nonomura, T. Shioya,
K.P. Kim, N.M. Munoz, W. Cho, A.R. Leff, Blockade of eosinophil migration and airway
hyperresponsiveness by cPLA2-inhibition. Nat Immunol 2, 145-149 (2001).

S. Offer, S. Yedgar, O. Schwob, M. Krimsky, H. Bibi, A. Eliraz, Z. Madar, D. Shoseyov, Negative
feedback between secretory and cytosolic phospholipase A2 and their opposing roles in
ovalbumin-induced bronchoconstriction in rats. Am J Physiol Lung Cell Mol Physiol 288, L523-529
(2005).

M. Sokolowska, M. Borowiec, A. Ptasinska, M. Cieslak, J.H. Shelhamer, M.L. Kowalski, R. Pawliczak,
85-kDa cytosolic phospholipase A2 group IValpha gene promoter polymorphisms in patients with
severe asthma: a gene expression and case-control study. Clin Exp Immunol 150, 124-131 (2007).
M. Sokolowska, J. Stefanska, K. Wodz-Naskiewicz, R. Pawliczak, Cytosolic phospholipase A2 group
IVA influence on GM-CSF expression in human lung cells: a pilot study. Med Sci Monit 16, BR300-
306 (2010).

N. Uozumi, T. Shimizu, Roles for cytosolic phospholipase A2alpha as revealed by gene-targeted
mice. Prostaglandins Other Lipid Mediat 68-69, 59-69 (2002).

T.J. Nevalainen, J.M. Gronroos, M. Kallajoki, Expression of group Il phospholipase A2 in the human
gastrointestinal tract. Lab Invest 72, 201-208 (1995).

M.D. Rosenthal, M.N. Gordon, E.S. Buescher, J.H. Slusser, L.K. Harris, R.C. Franson, Human
neutrophils store type Il 14-kDa phospholipase A2 in granules and secrete active enzyme in
response to soluble stimuli. Biochem Biophys Res Commun 208, 650-656 (1995).

S.P. Chock, E.A. Schmauder-Chock, E. Cordella-Miele, L. Miele, A.B. Mukherjee, The localization of
phospholipase A2 in the secretory granule. Biochem J 300 ( Pt 3), 619-622 (1994).

M. Murakami, I. Kudo, Y. Suwa, K. Inoue, Release of 14-kDa group-ll phospholipase A2 from
activated mast cells and its possible involvement in the regulation of the degranulation process.
Eur J Biochem 209, 257-265 (1992).

J. Saez de Guinoa, R. Jimeno, N. Farhadi, P.J. Jervis, L.R. Cox, G.S. Besra, P. Barral, CD1d-mediated
activation of group 3 innate lymphoid cells drives IL-22 production. EMBO Rep 18, 39-47 (2017).
D.S. Leslie, C.C. Dascher, K. Cembrola, M.A. Townes, D.L. Hava, L.C. Hugendubler, E. Mueller, L.
Fox, C. Roura-Mir, D.B. Moody, M.S. Vincent, J.E. Gumperz, P.A. lllarionov, G.S. Besra, C.G.
Reynolds, M.B. Brenner, Serum lipids regulate dendritic cell CD1 expression and function.
Immunology 125, 289-301 (2008).

M. Salimi, L. Stoger, W. Liu, S. Go, |. Pavord, P. Klenerman, G. Ogg, L. Xue, Cysteinyl leukotriene E4
activates human ILC2s and enhances the effect of prostaglandin D2 and epithelial cytokines. J
Allergy Clin Immunol, (2017).

N. Caporarello, M. Salmeri, M. Scalia, C. Motta, C. Parrino, L. Frittitta, M. Olivieri, M.A. Toscano,
C.D. Anfuso, G. Lupo, Role of cytosolic and calcium independent phospholipases A(2) in insulin
secretion impairment of INS-1E cells infected by S. aureus. FEBS Lett 589, 3969-3976 (2015).

E. Kikawada, J.V. Bonventre, J.P. Arm, Group V secretory PLA2 regulates TLR2-dependent
eicosanoid generation in mouse mast cells through amplification of ERK and cPLA2alpha
activation. Blood 110, 561-567 (2007).

N.S. Kirkby, D.M. Reed, M.L. Edin, F. Rauzi, S. Mataragka, I. Vojnovic, D. Bishop-Bailey, G.L. Milne,
H. Longhurst, D.C. Zeldin, J.A. Mitchell, T.D. Warner, Inherited human group IVA cytosolic

17



47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

phospholipase A2 deficiency abolishes platelet, endothelial, and leucocyte eicosanoid generation.
FASEB J 29, 4568-4578 (2015).

I.T. Lee, C.W. Lee, W.H. Tung, S.W. Wang, C.C. Lin, J.C. Shu, C.M. Yang, Cooperation of TLR2 with
MyD88, PI3K, and Rac1 in lipoteichoic acid-induced cPLA2/COX-2-dependent airway inflammatory
responses. Am J Pathol 176, 1671-1684 (2010).

J.Q. Gong, L. Lin, T. Lin, F. Hao, F.Q. Zeng, Z.G. Bi, D. Yi, B. Zhao, Skin colonization by Staphylococcus
aureus in patients with eczema and atopic dermatitis and relevant combined topical therapy: a
double-blind multicentre randomized controlled trial. Br J Dermatol 155, 680-687 (2006).

K. Wolk, E. Witte, E. Wallace, W.D. Docke, S. Kunz, K. Asadullah, H.D. Volk, W. Sterry, R. Sabat, IL-
22 regulates the expression of genes responsible for antimicrobial defense, cellular
differentiation, and mobility in keratinocytes: a potential role in psoriasis. Eur J Immunol 36, 1309-
1323 (2006).

J.H. Kim, Y. Hu, T. Yongging, J. Kim, V.A. Hughes, J. Le Nours, E.A. Marquez, A.W. Purcell, Q. Wan,
M. Sugita, J. Rossjohn, F. Winau, CD1a on Langerhans cells controls inflammatory skin disease.
Nat Immunol 17, 1159-1166 (2016).

A.delJong, T.Y. Cheng, S. Huang, S. Gras, R.W. Birkinshaw, A.G. Kasmar, |. Van Rhijn, V. Pena-Cruz,
D.T. Ruan, J.D. Altman, J. Rossjohn, D.B. Moody, CD1a-autoreactive T cells recognize natural skin
oils that function as headless antigens. Nat Immunol 15, 177-185 (2014).

L.G. Gregory, C.M. Lloyd, Orchestrating house dust mite-associated allergy in the lung. Trends
Immunol 32, 402-411 (2011).

C.S. Hardman, V. Panova, A.N. McKenzie, IL-33 citrine reporter mice reveal the temporal and
spatial expression of IL-33 during allergic lung inflammation. Eur J Immunol 43, 488-498 (2013).
B.S. Kim, K. Wang, M.C. Siracusa, S.A. Saenz, J.R. Brestoff, L.A. Monticelli, M. Noti, E.D. Tait Wojno,
T.C. Fung, M. Kubo, D. Artis, Basophils promote innate lymphoid cell responses in inflamed skin. J
Immunol 193, 3717-3725 (2014).

M. Yamamoto, T. Haruna, K. Imura, I. Hikita, Y. Furue, K. Higashino, Y. Gahara, M. Deguchi, K.
Yasui, A. Arimura, Inhibitory effect of a potent and selective cytosolic phospholipase A2alpha
inhibitor RSC-3388 on skin inflammation in mice. Pharmacology 81, 301-311 (2008).

M. Ghosh, A. Stewart, D.E. Tucker, J.V. Bonventre, R.C. Murphy, C.C. Leslie, Role of cytosolic
phospholipase A(2) in prostaglandin E(2) production by lung fibroblasts. Am J Respir Cell Mol Biol
30, 91-100 (2004).

T. Nagase, N. Uozumi, S. Ishii, Y. Kita, H. Yamamoto, E. Ohga, Y. Ouchi, T. Shimizu, A pivotal role of
cytosolic phospholipase A(2) in bleomycin-induced pulmonary fibrosis. Nat Med 8, 480-484
(2002).

T. Nagase, N. Uozumi, S. Ishii, K. Kume, T. Izumi, Y. Ouchi, T. Shimizu, Acute lung injury by sepsis
and acid aspiration: a key role for cytosolic phospholipase A2. Nat Immunol 1, 42-46 (2000).

N. Uozumi, K. Kume, T. Nagase, N. Nakatani, S. Ishii, F. Tashiro, Y. Komagata, K. Maki, K. lkuta, Y.
Ouchi, J. Miyazaki, T. Shimizu, Role of cytosolic phospholipase A2 in allergic response and
parturition. Nature 390, 618-622 (1997).

T. Nagase, N. Uozumi, T. Aoki-Nagase, K. Terawaki, S. Ishii, T. Tomita, H. Yamamoto, K. Hashizume,
Y. Ouchi, T. Shimizu, A potent inhibitor of cytosolic phospholipase A2, arachidonyl trifluoromethyl
ketone, attenuates LPS-induced lung injury in mice. Am J Physiol Lung Cell Mol Physiol 284, L720-
726 (2003).

M. Sugita, E.P. Grant, E. van Donselaar, V.W. Hsu, R.A. Rogers, P.J. Peters, M.B. Brenner, Separate
pathways for antigen presentation by CD1 molecules. Immunity 11, 743-752 (1999).

18



19



Acknowledgments: We thank the staff of the WIMM FACS facility, all research participants and
research nurses, Melanie Westmoreland and Teena Mackenzie. Funding: We were supported by
NIHR Clinical Research Network, British Association of Dermatologists, British Skin Foundation,
Misses Barrie Charitable Trust, Medical Research Council (CF7720, U105178805,
MR/KO018779/1), Wellcome Trust (090532/7/09/Z), NIHR (NIHR) Oxford and Leicester
Biomedical Research Centres (BRC). The views expressed are those of the authors and not
necessarily those of the NHS, the NIHR or the Department of Health. Author contributions:
C.S.H. M.S. V.J. Y.C. JLB. DJ.C. and G.O. performed experiments. E.R. carried out
bioinformatic analysis of RNA Sequencing data. D.J. provided invaluable samples. A.N.M. D.J.C.
R.O. R.J. and J.L.B. provided feedback and supervised aspects of the study. G.O. conceived the
study and wrote the manuscript with C.S.H. C.S.H completed the statistical analysis of data.
Competing interests: G. Ogg has served on advisory boards or holds consultancies or equity with
Eli Lilly, Novartis, Janssen, Orbit Discovery and UCB Pharma, and has undertaken clinical trials
for Atopix, Regeneron/Sanofi, Roche, Anaptysbio. A. McKenzie has received grant support from

Medimmune/AstraZeneca and GSK. The authors declare no further competing financial interests.

20



Figure legends

Fig. 1: Human skin ILC2 express CDl1a.

A. Flow cytometry gating strategy for blister fluid derived human ILC2. ILC2 are CD45"/ Lineage’
/CRTH2'/IL7Ra". B. CDla and CDI1d gene expression of skin and blood derived ILC2 and T-
cells determined by RNA Sequencing and measured in Reads Per Kilobase of transcript per
Million mapped reads (RPKM). C. Whole thickness skin samples were homogenized and
analyzed by flow cytometry for presence of ILC2 and expression of CD1a. D. CDla expression
by epidermal CD11c¢" cells was analyzed by flow cytometry. E. CDla expression by epidermal
ILC2 was analyzed by flow cytometry. F. Summary of CD1a expression on ILC2 as a proportion
of total ILC2 derived from whole-thickness skin and epidermis. G. CD1a expression by epidermal
T-cells was analyzed by flow cytometry. Flow cytometry data representative of at least 10
independent experiments and n = 12 donors.

Fig. 2: Human blood ILC2 could be stimulated to express CD1a.

A. Flow cytometry gating strategy for blood derived human ILC2. ILC2 are CD45"/Lineage”
/CRTH2'/IL7Ra". B. Flow cytometric analysis of CDla expression on blood ILC2. Flow
cytometry data representative of n = 8 donors. C. Flow cytometric analysis of human serum
cultured CD1a expression on blood ILC2 representative of n = 8 donors. D. Multiplex bead array
analysis of TSLP concentration in HDM challenged blister fluid of healthy (HC) and atopic
dermatitis (AD) patients (p = 0.0374, n =5 — 6, t-test). E. Multiplex bead array analysis of IL.-33
concentration in HDM challenged blister fluid of healthy (HC) and atopic dermatitis (AD) patients
(p =0.6655,n=8 — 21, t-test). F. Culture of human blood derived ILC2 in the absence of human
serum. Flow cytometry analysis of CD1a isotype control, CD1a expression on FCS cultured blood
ILC2 and upon TSLP stimulation (plots left to right). Data representative of n = 3 donors and 3
independent experiments. *, P < 0.05; unpaired Student’s 7 test (mean and SD).

Fig. 3: ILC2 present HDM-derived lipid ligands to CD1a responsive T-cells.

Autologous ILC2 and T-cells were isolated from donor PBMCs by fluorescence activated cell
sorting and CD3 MACS microbead separation respectively. A. and B. Prior to co-culture with
autologous T-cells, ILC2 were pulsed with HDM extract (7 pg / ml), and IFNy (A.) and IL-22 (B.)
production was detected by ELISpot in the absence or presence of 10 pg / ml anti-CD1a blocking
antibody or isotype control. In addition ILC2 alone were stimulated with PMA (10 ng / ml) and
Ionomycin (500 ng / ml) (P/I). (n = 8 donors, one-way ANOVA, data represent at least 6
independent experiments). C. ILC2 were pulsed in the presence or absence of HDM extract (7 pg
/ ml) and co-cultured with autologous T-cells. Intracellular staining for flow cytometry was used
to assess the proportion of T-cells expressing IL-13 in the presence or absence of anti-CDla
blocking antibody or isotype control, 10 ug / ml. (n = 3 donors, one-way ANOVA, 3 independent
experiments). *, P <0.05; ** P <0.01; **** P <(0.0001 RM-one way-ANOVA with Tukey’s
post-hoc test (mean and SD).

Fig. 4: TSLP further enhances the ability of ILC2 to present CD1a ligands to T-cells.

ILC2 were cultured in 10 % FCS and stimulated in the presence or absence of TSLP for 72 hours
prior to pulsing with HDM extract and subsequent ELISpot analysis of capacity to activate T-cells.
A. and B. Effect of the presence or absence of prior stimulation of ILC2 with TSLP on number of
IFNy (A.) or IL-22 (B.) producing T-cells induced by co-culture. Fold change was calculated
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relative to the unpulsed autoreactive baseline response in the absence TSLP (represented by dotted
line). A. Graph shows the effect of TSLP on the unpulsed (p = 0.0221) and HDM-induced (p =
0.0111) IFNy responses. B. Graph shows the effect of TSLP on the unpulsed (p = 0.0091) and
HDMe-induced (p = 0.0006) IL-22 responses. (n = 8 donors, t-test, data represent at least 6
independent experiments). C. and D. Effect of TSLP concentration upon amplification of CDla
dependent T-cell production of IFNy (C.) or IL-22 (D.). Fold change calculated between cytokine
spots produced following T-cell culture with unstimulated and TSLP stimulated ILC2. Graph
showing two concentration of TSLP 50 ng/ml and 0.5 ng/ ml. (n = 8 donors, t-test, data represents
3 - 6 independent experiments). *, P <0.05; ** P <0.01; *** P < 0.001 paired Student’s ¢ test
(mean and SD).

Fig. 5: ILC2 express PLA2G4A which generates CD1a ligands.

A. PLA2 gene expression analysis of skin and blood derived ILC2 and T-cells determined by RNA
Sequencing and measured in Reads Per Kilobase of transcript per Million mapped reads (RPKM).
B. Cytosolic PLA2 activity of recombinant PLA2G4A irreversibly inhibited by 1 uM MAFP
measured using a biochemical assay kit. C. and D. Autologous ILC2 and T-cells were isolated
from donor PBMCs by fluorescence activated cell sorting and CD3 MACS bead separation
respectively. Prior to co-culture with autologous T-cells, ILC2 were either unpulsed (U) or pulsed
with 1 png / ml PLA2G4A or PLA2G4A inhibited with 1 pM MAFP. IFNy (C.) and IL-22 (D.)
production was detected by ELISpot in the absence or presence of 10 pg / ml anti-CD1a blocking
antibody or isotype control (n = 8 donors, one-way ANOV A, data represent at least 6 independent
experiments). E. and F. ILC2 were cultured in FCS and stimulated in the presence or absence of
TSLP for 72 hours prior to pulsing with PLA2G4A. Effect of the presence or absence of prior
stimulation of ILC2 with TSLP upon number of IFNy (E.) (p = 0.0226) or IL-22 (F.) (p = 0.0029)
producing T-cells induced by co-culture. Fold change was calculated relative to the unpulsed
autoreactive response in the absence TSLP (represented by dotted line). Statistics calculated
between the baseline response or as indicated in the figure. (n = 8 donors, t-test data represent at
least 6 independent experiments). G. Intracellular staining for flow cytometry was used to assess
the proportion of T-cells expressing IL-13 in the presence or absence of 10 pg / ml anti-CDla
blocking antibody or isotype control upon co-culture with ILC2 pulsed or unpulsed (U) with
PLA2G4A. (n = 3 donors, one-way ANOVA, 3 independent experiments). *, P <0.05; ** P <
0.01; *** P <0.001; **** P <0.0001 RM-one way-ANOVA with Tukey’s post-hoc test (mean
and SD).

Fig. 6: ILC2 present bacterial lipid ligands derived from Staphylococcus aureus

A. and B. Autologous ILC2 and T-cells were isolated from donor PBMCs by flow cytometric
sorting and CD3 MACS bead separation respectively. Prior to co-culture with autologous T-cells,
ILC2 were pulsed with heat-killed S. aureus preparation (HKSA). IFNy (A.) and IL-22 (B.)
production was detected by ELISpot in the absence or presence of 10 pg / ml anti-CD1a blocking
antibody or isotype control. (n = 8 donors, one-way ANOVA, data represent at least 6 independent
experiments) C. and D. ILC2 were cultured in FCS and stimulated in the presence or absence of
TSLP for 72 hours prior to pulsing with HKSA (10® cells / ml). Effect of the presence or absence
of prior stimulation of ILC2 with TSLP upon number of IFNy (C.) or IL-22 (D.) producing T-cells
induced by co-culture. Fold change was calculated relative to the unpulsed autoreactive response
in the absence TSLP (represented by dotted line). Statistics calculated between the baseline
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response or as indicated in the figure. (n = 8 donors, t-test, data represent at least 6 independent
experiments). *, P <0.05; ** P <0.01; *** P <0.001; **** P <0.0001 RM-one way-ANOVA
with Tukey’s post-hoc test (mean and SD).

Fig. 7: Bacterial components can stimulate ILC2 to produce cPLA2

A. Real-time PCR analysis of PLA2G4A gene expression by ILC2 following stimulation with
heat-killed S. aureus preparation (HKSA) (p = 0.0258, n = 3, t-test, data representative of 3
independent experiments). B. Real-time PCR analysis of PLA2G4A gene expression by ILC2
following stimulation with TLR2 (PamCSK 10 pg / ml) and TLR4 (LPS 1 pg/ ml) ligands. (n =
3, t-test, data representative of 3 independent experiments). C. Cytosolic PLA2 activity was
measured in the supernatant of ILC2 stimulated with TLR2 and TLR4 ligands, or HKSA (108 cells
/ ml) (n = 6, t-test, data representative of 3 independent experiments). D. Real-time PCR analysis
of PLA2G4A gene expression by healthy or atopic dermatitis ILC2 following stimulation with
TLR2 (PamCSK 10 pg / ml) and TLR4 (LPS 1 pg / ml) ligands or heat-killed S. aureus (HKSA,
10% cells / ml). (n = 5 donors, one-way ANOVA, data representative of 4 independent
experiments). *, P <0.05; **, P <0.01; *** P <0.001; **** P <(.0001 (mean and SD).

Fig. 8: TLR stimulation of ILC2 by Staphylococcus aureus induces PLA2G4A and
generation of lipid ligands which can be presented to T-cells by CD1a.

Autologous ILC2 and T-cells were isolated from donor PBMCs by flow cytometric sorting and
CD3 MACS microbead separation respectively. Prior to co-culture with autologous T-cells, ILC2
were pulsed with HKSA (108 cells / ml) (SA) with or without inhibition of cPLA2 (1 pM MAFP)
or TLR2 and TLR4 signaling (10 pg / ml anti-TLR2 and anti-TLR4). IFNy (A.) and IL-22 (B.)
production was detected by ELISpot and IL-13 was detected by flow cytometry (C.) in the absence
or presence of 10 pg / ml anti-CD1a blocking antibody or isotype control. ELISpot data represent
at least 6 independent experiments and n = 8 donors, one-way ANOVA. IL-13 FACS data
represent n = 3 donors, one-way ANOVA, 3 independent experiments. *, P < 0.05; **, P <0.01;
kP <0.001; **** P <0.0001 RM-one way-ANOVA with Tukey’s post-hoc test (mean and
SD).
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