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Abstract

The CD1 and MR1 protein families present lipid antigens and small molecules to T cells, complementing well-studied major histocompatibility
complex—peptide mechanisms. The CD1a subtype is highly and continuously expressed within the skin, most notably on Langerhans cells,
and has been demonstrated to present self and foreign lipids to T cells, highlighting its cutaneous sentinel role. Alteration of CD1a-dependent
T-cell responses has recently been discovered to contribute to the pathogenesis of several inflammatory skin diseases. In this review, we
overview the structure and role of CD1a and outline the current evidence implicating CD1a in the development of psoriasis, atopic dermatitis

and allergic contact dermatitis.

Introduction

Inflammatory skin diseases are common and are associated
with other systemic diseases that have a marked impact on
quality of life. T-cell infiltrates are well known to be associated
with such diseases and we now know that inhibition of T-cell-
derived cytokines and their receptors can offer dramatic
therapeutic benefit. However, we still know surprisingly little
about what the T cells are responding to. This is an important
question in terms of defining disease pathogenesis and new
approaches to treatment. Traditionally, the activation of T cells
has been thought to be dependent on recognition of cognate
major histocompatibility complex (MHC)—peptide complexes
by the T-cell receptor (TCR). However, in recent decades,
MHC-independent T-cell activation pathways have also been
identified involving nonpolymorphic molecules such as CD1
and MR1, which present lipid antigens and small molecules.'
These antigen-presenting molecules are relatively nonpoly-
morphic, opening up the possibility of discovering general
rules that can be applied to all patients.?

CD1 molecules

The CD1 class of proteins consists of five isoforms (CD1a—e)
that are subclassified into three different groups based on
structure, function and cellular localization.® Specifically,
group 1 (CD1a, CD1b and CD1c), and group 2 (CD1d) CD1
molecules are involved in the presentation of lipid antigens.
However, the expression of group 1 molecules is largely
limited to antigen-presenting cells (APCs) and thymocytes,

whereas CD1d is additionally expressed by other haemato-
poietic and epithelial cells.” In contrast to the aforementioned
CD1 molecules, CD1e is involved in lipid processing and
loading rather than antigen presentation.* CD1 molecules
have been implicated in a broad range of disorders such as
cancer, infections, autoimmune disorders and allergies.>=°

Within the skin, CD1a is highly expressed by cutaneous
mononuclear phagocytes such as Langerhans cells and
subsets of dermal dendritic cells.’'2 In addition to CD1a,
Langerhans cells also express langerin (CD207), a pattern
recognition receptor, which was found to assist CD1a anti-
gen loading.” Interestingly, CD1a expression can also be
induced in response to cytokines and other mediators on
innate lymphoid cells type 2 (ILC2s), an innate homologue
to adaptive T-helper 2 cells,’ and a population of activated
BDCA-2+ skin-infiltrating dendritic cells.’> Therefore, CD1a is
well placed to act as a sentinel to detect breaches in barrier
integrity and may be a key driver of associated pathology.
Beyond the skin, CD1a expression has been identified in
subsets of cells in the nasal mucosa, lungs, gut, conjunctiva,
cervix and other tissues.’®-24

CD1a-relevant lipids

CD1a regulates T-cell activation via the presentation of
a diverse range of endogenous and exogenous CD1a
lipids.'9.25.26 The lipid-dense epidermis and sebum provide
a continuous pool of CD1a antigens, including wax esters,
squalene, fatty acids, sphingomyelins, sulfatides and tria-
cylglycerides.?”?¢ The capture of lipids by CD1a is thought
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to occur at multiple locations: at the cell surface, during
translocation through the endoplasmic reticulum and Golgi
secretory pathway, and following internalization into the
early endosomal pathway.??3% This allows CD1a to sample
a broad range of ligands and drive immune responses. The
selectivity of lipids captured by CD1a is partly mediated by
its unigue antigen-binding cleft, consisting of two pockets
(A" and F’). The F’ pocket is connected to the extracellular
environment via the F’ tunnel permitting antigen loading,
whereas the roofed A’ pocket acts to regulate antigen size
that mostly accommodates lipids with acyl chains containing
32-42 carbons.®"%? Recent advances in identification and
quantitation of lipids eluted from CD1 isoforms have shown
remarkable patterns of shared and unique molecular species
that will help form the basis of future analyses and disease
associations.3?

CD1a-mediated T-cell activation

In contrast to TCR-MHC-peptide interactions, some forms
of CD1a-mediated T-cell activation are considered to involve
an 'absence of interference’.®* In this model, ‘permissive’
activating CD1a ligands are those that can be almost fully
sequestered within the CD1a antigen-binding pocket
(Figure 1). This permits the TCR to directly interact with the
external CD1a surface and promote autoreactive T-cell acti-
vation. In contrast, ‘nonpermissive’ inhibitory CD1a ligands
can possess large headgroups, in turn leading to partial pro-
trusion of the lipid above the antigen-binding pocket plane
to obstruct direct TCR-CD1a docking. In particular, very-
long-chain sphingomyelins (SM24:0 and SM24:1), which are
endogenous nonpermissive ligands, have been found to be
preferentially captured by CD1a and act as natural inhibitors

of CD1a-reactive T-cell activation.?® It may be that other
models of lipid-specific recognition will also emerge.

Between 5% and 10% of cutaneous T cells are CD1a-
reactive.®® In addition, CD1a-reactive T cells are found within
peripheral blood and can be recruited into the skin through
cutaneous homing receptors such as CLA, CCR4, CCR6 and
CCR10.¢ Interestingly, unlike conventional MHC-restricted
T cells, CD1a-reactive T-cell responses do not appear to
always be limited to specific CD1a-lipid combinations result-
ing in the potential for different lipid antigens to serve as
universal CD1a ligands.®* Additionally, through the presenta-
tion of mycobacterial-derived antigens like dideoxymyco-
bactin and lysyl-phosphatidylglycerol (lysyl-PG) expressed
by gram-positive bacteria, CD1a-reactive T cells likely con-
tribute to host pathogen defences.’326.37.38 The contribution
of CD1a in mycobacterium tuberculosis recognition was
shown using a group 1 CD1 transgenic mouse model.%°
Moreover, CD1a-reactive T cells can produce a diverse panel
of cytokines and can contribute to cutaneous inflammation
under certain circumstances.'014.35.37.40-44 CD1a-reactive T
cells are thought to largely express an of TCR, but sub-
sets can express a 0 TCR.*® In addition, they may express
either a CD4 or CD8 co-receptor. With growing evidence to
suggest a broad and critical role for CD1a-dependent mech-
anisms in inflammatory skin disease pathology, we review
here the current literature surrounding the role of CD1a in
psoriasis, atopic dermatitis (AD) and allergic contact derma-
titis (ACD) pathology.0-40-43

Psoriasis

Psoriasis is a common, chronic inflammatory skin disease
with an estimated prevalence of between 1% and 3%
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Figure 1 Absence of interference model. For some forms of CD1a-autoreactive T-cell activation to occur, direct engagement of the T-cell receptor
(TCR) with the outer surface of CD1a is required. Therefore, some nonpermissive CD1a lipids that protrude beyond the CD1a binding cleft, physically
inhibit this direct TCR—CD1a interaction, in turn preventing T-cell activation. In contrast, some permissive CD1a lipids nestle close to the dimensions
of the CD1a antigen cleft, which consequently allows TCR-CD1a engagement and T-cell activation with proinflammatory cytokine secretion and

T-cell proliferation. (Created with BioRender.com)
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worldwide.*® Multiple forms of psoriasis are recognized,
with the most common subtype being psoriasis vulgaris,
which accounts for 90% of all people with the condition, in
addition to guttate psoriasis and palmoplantar psoriasis.*’
Classical psoriasis vulgaris lesions are well demarcated,
scaly and erythematous, often with a symmetrical exten-
sor distribution. Psoriasis has many systemic associations,
including metabolic syndrome, nonalcoholic fatty liver dis-
ease, arthritis and bowel disease.*® The pathogenesis is
multifactorial with a strong genetic component. Over 100
genes conferring increased psoriasis susceptibility have
been identified and include those involved in the immune
response and barrier integrity.*°-5" Environmental factors,
including infections, medications, such as interferon (IFN)
«, and trauma (the Koebner phenomenon), can trigger pso-
riatic flares.52-5%

The immunological basis for psoriasis development
involves both innate and adaptive immune arms.54:56-60
Notably, the adaptive response is primarily T-cell driven with
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major involvement of activated type 1, type 17 and type
22 responses, plus dysfunction of regulatory T cells.5455 Of
the interleukin (IL)-17 subtypes, IL-17A and |IL-17F have most
notably been shown to be increased in both the blood and
lesional skin compartments of patients with psoriasis.?:61.62

The role of phospholipase A, (PLA,) in CD1a-dependent
pathways was first identified using bee and wasp venom.®?
PLA,s are enzymes that digest phospholipids at the sn-2
position to produce free fatty acids and lysophospholipids,
and these were shown to induce CD1a-reactive T-cell acti-
vation.364 The relevance of PLA, in psoriasis was estab-
lished in subsequent studies investigating PLA,G4D, a
cytosolic PLA, that is upregulated in psoriasis lesions.®® It
was shown that the endogenous cytosolic PLA, (PLA,G4D)
could similarly stimulate CD1a neolipid antigen genera-
tion and augment psoriatic inflammation.*® PLA,G4D-
responsive CD1a-reactive T cells secreted IFN~, IL-17A
and IL-22 (Figure 2). Additionally, PLA,G4D was found to
be transferred through exosomes to surrounding CD1a*

Healthy Skin Allergic Contact Dermatitis Psoriasis Atopic Dermatitis
Other Lipid Enzymes?
I
House Dust Mite
Contact Sensitizers
(eg. DNCB) o
B Permissive CD1a »
L Lipid ACD Allergens PLA. ) Cypress @
Pollen ®
L} S. aureus >
"'.{) Potentiation =
&» Potentiation ‘.“ .
Non-Permissive . Neo-Lipid Anti it 4
cD1a Lipid « -CDla eo-Lipid Antigens >~ ;
- < E' < Phospholipids 8 ’
E_gidermis ’ < \c Endogenous
Iéaeﬂgerhans Lipid
/ j y <
@
L B
» 1 . _ 4 IL-13
Dendritic Cell \(’/ N -7 L
P f.g:: IL-22 : -
Dermis E Iy IL-17A
— T cell l" ™ nosr O éf =
L — L2 x
‘-.._‘
L) E IFNy =¥ IL-13
® /r b \ \_p IFNy
GM-CSF

Figure 2 Postulated mechanisms of CD1a involvement in inflammatory skin disease pathogenesis. In healthy skin, the CD1a binding cleft contains
a range of nonpermissive and permissive CD1a lipids that balance immune homeostasis. In allergic contact dermatitis (ACD), permissive ACD
lipids can directly load onto CD1a expressed by epidermal Langerhans cells, dermal dendritic cells or other cells. Additionally, contact sensitizers
such as 2,4-dinitrochlorobenzene (DNCB) may potentiate the production of permissive CD1a lipids in ACD. Together, the presentation of these
permissive CD1a lipids contributes to the activation of CD1a-reactive T cells leading to broad cytokine secretion. In psoriasis and atopic dermatitis
(AD), phospholipids can be degraded by endogenous or exogenous phospholipase A2s (PLA,G4D and acyloxyacyl hydrolase in psoriasis, house
dust mite PLA, in AD) and other enzymes to generate permissive CD1a neolipid antigens that promote CD1a-reactive T-cell activation. Additionally,
Staphylococcus aureus can potentiate host PLA, activity, likely resulting in the production of many additional permissive CD1a lipids. Furthermore,
lipids from cypress pollen could be presented by CD1at dendritic cells to further exacerbate inflammation. GM-CSF, granulocyte-macrophage
colony-stimulating factor; IFN, interferon; IL, interleukin (Created with BioRender.com).
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cells in response to IFN« stimulation. Moreover, increased
frequencies of exosome-responsive CD1a-reactive T cells
were detected in psoriasis lesions.*?

Furthermore, acyloxyacyl hydrolase (AOAH), which pri-
marily acts to metabolize lipopolysaccharides,®%:57 was later
identified to possess PLA, activity.?® AOAH expression
was found to be upregulated in lesional psoriatic skin rel-
ative to nonlesional and healthy skin.** AOAH was discov-
ered to induce the production of CD1a neolipid antigens in
a PLA,-dependent manner resulting in CD1a-reactive T-cell
activation with enhanced IFN~ and [L-22 secretion.** As
other PLA,s are also upregulated in psoriasis, this ligand
generation mechanism may make a broad and important
contribution to disease pathology.597°

It has long been known that infection by Group A strep-
tococcal (GAS) species such as Streptococcus pyogenes
can precede the development of guttate psoriasis, although
other psoriatic subtypes are also associated.”’ Despite this,
the mechanistic relationship remains poorly understood.
Recently, it was shown that activated GAS-responsive
CD1a-reactive T cells were enriched in patients with pso-
riasis and were predominantly of the type 17 subtype, with
a proportion of these being responsive to lysophosphatidyl-
choline, which is a known permissive endogenous CD1a
ligand.®® Experiments performed using TCR-transgenic T
cells generated via homology-directed repair confirmed
these GAS-specific CD1a-reactive T-cell responses to be
TCR dependent. As mice do not express CD1a, Chen et al.
utilized a humanized CD1a-transgenic (hCD1a-Tg) mouse
model to demonstrate the characteristic histological features
of psoriasis (hyperplasia of the epidermis and dermis with
pronounced rete ridges) induced by the presence of GAS.°

A commonly used mouse model for psoriasiform inflam-
mation involves the topical application of imiquimod.
Imiguimod is used in the management of both precancerous
and cancerous skin lesions, but through its agonistic effects
on Toll-like receptor (TLR)7 and TLR8 signalling can induce
psoriasis-like reactions that can be recapitulated as a type
17 inflammatory phenotype in mice.”? By employing this imi-
quimod approach, hCD1a-Tg mice demonstrated epidermal
hyperplasia, exaggerated oedema, erythema and scaling
that were suppressed through anti-CD1a blockade.'®'” Here,
CD1a inhibition was associated with a reduction in granulo-
cytes and production of IL-17A, IL-17F and IL-22 by T cells.

Furthermore, Kim et al. compared their findings with human
psoriatic samples and discovered upregulated IL-17 and 1L-22
production relative to controls, with anti-CD1a antibody admin-
istration suppressing this response.’® A separate study by
Hardman et al. employing the imiquimod model in hCD1a-Tg
mice revealed that the presence of CD1a could also promote
systemic inflammatory responses and that these could simi-
larly be suppressed through anti-CD1a-blocking antibodies.”
The cellular alterations recorded included increases in the
Langerhans cell and neutrophil levels in the hCD1a-Tg variants
compared with wildtype (WT) mice, with this immune cell
enrichment suppressed through CD1a inhibition.

Atopic dermatitis

AD is a common, chronically relapsing, pruritic skin disease.”®
AD is estimated to affect 20% of children and 10% of adults

in the UK.”* AD has strong associations with other atopic
disorders, such as allergic rhinitis, food allergies and some
forms of allergic asthma.’* In the past few decades, there
has been a two- to threefold increase in AD incidence.’® The
clinical AD phenotype is usually characterized by pruritic, dry,
erythematous lesions with possible excoriations, lichenifi-
cation and fissuring. Acute lesions tend to possess a more
dominant papular—vesicular morphology, whereas chronic
lesions can feature nodules and plaques.’® Nevertheless, the
clinical presentation can be highly heterogeneous.

Immunologically, T cells contribute to both acute and
chronic AD inflammation. The acute phase is dominated by
type 2 cells that secrete IL-4, IL-5, ILl-13 and [L-31.7778 In
particular, IL.-4 and IL-13 contribute to increased IgE class
switching and endothelial adhesion molecule expression,
with negative regulation of epidermal differentiation proteins
and antimicrobial peptides.’®-%" In chronic atopic cutaneous
inflammation, a more mixed type 1/2/17/22 cytokine milieu
is present, for example through the secretion of mediators
such as IFN~ that upregulates MHC Il and intercellular adhe-
sion molecule-1 expression, as well as type 1 and type 2
chemokines.®?-86 Additional contributions from type 17, type
22 and type 9 T cells have also been described.”987-92

A broad range of factors contribute to the pathogenesis
of AD, including genetics, environmental agents, immune
dysregulation and infections. Importantly, loss-of-function
mutations in FLG, which encodes an integral epidermal
barrier protein, strongly predisposes to AD development.??
Filaggrin has a number of cutaneous roles including the
maintenance of cutaneous hydration levels, barrier integrity,
skin acidity and antimicrobial defences.%4-%¢

The importance of CD1a in AD was first established
through the discovery of peripheral blood and cutaneous
house dust mite (HDM)-specific CD1a-reactive T cells,
which were enriched in patients with AD compared with
controls.*! Interestingly, the presence of null FLG mutations
was correlated with an increase in HDM-specific CD1a-
reactive T cells. In addition, HDM-responsive CD1a-reactive
T cells were associated with disease severity, total IgE titres
and secretion of IL-13, IFN~ and granulocyte-macrophage
colony-stimulating factor (GM-CSF), which are mediators
that are implicated in AD pathology. Fractionation of the
HDM extract revealed that the CD1a-dependent T-cell acti-
vation was dependent on a PLA, involved in CD1a neolipid
antigen generation, analogous to the mechanisms estab-
lished for bee venom, wasp venom and endogenous PLA,s.
Moreover, PLA,s have previously been linked with atopic
disorders.?9-1%5 Exposure to HDM stimulated the cutaneous
recruitment of CD1a-responsive T cells and production of var-
ious cytokines: IL-4, IL-5, IL.-13 and GM-CSF.#" Additionally,
skin HDM-specific CD1a-reactive T cells responded to bee
venom PLA, indicating the presence of multi-PLA,-respon-
sive CD1a-reactive T cells in AD.

Another trigger of AD relapse is exposure to environmen-
tal pollen. In particular, cypress pollen (containing phosphati-
dylcholine 18:2/18:2) could be presented by CD1a* dendritic
cells, and in turn potentiate T-cell activation in patients who
are allergic.®

In addition to the imiquimod model of psoriasiform inflam-
mation, a mouse model using MC903 (a low-calcaemic
vitamin D3 analogue) is regularly used for studying type 2
pathology.’°6 MC903, which is more commonly known as
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calcipotriol, is used in the management of psoriasis. It was
later observed to sometimes induce dermatitis in a subset of
patients. The topical application of MC903 in hCD1a-Tg mice
stimulated cutaneous thickening, inflammation and broad
immune cell infiltration compared with WT mice, with this
response being suppressed by anti-CD1a antibody adminis-
tration.” Additionally, type 2 and proinflammatory cytokine
production were upregulated in hCD1a-Tg mice, which could
be inhibited by anti-CD1a antibodies.

Additionally, Staphylococcus aureus has long been asso-
ciated with AD. One study revealed that 70% of lesional
AD skin and 39% of nonlesional skin were colonized
by S. aureus.’’” Despite this, the relationship between
S. aureus and AD remains poorly understood. The discov-
ery of increased CD4+ T cells that react to CD1a-lysyl-PG, a
characteristic S. aureus lipid, in patients with AD may poten-
tially help to explain this association.®” Expression profiling
of lysyl-PG responsive T cells revealed marked upregulation
of IL-4, IL-5 and IL-13 alongside other AD-relevant mediators
such as GM-CSF and tumour necrosis factor.®” Moreover,
acute AD lesions contain elevated ILC2 numbers that
secrete type 2 mediators.'°® Thymic stromal lymphopoietin
is a pleiotropic cytokine that is enriched in AD lesions and
was shown to induce ILC2 expression of CD1a, suggesting
the presence of a possible positive feedback loop that may
exacerbate atopic cutaneous inflammation.’199 Therefore,
there is a growing evidence base to support the broad role
of CD1a within AD pathogenesis.

Allergic contact dermatitis

The development of ACD is dependent on cutaneous expo-
sure to a sensitizing allergen. ACD allergens are commonly
found in metals, fragrances, cosmetics, dyes and preserva-
tives. Clinically, ACD lesions are characterized by erythema,
blistering, oedema and pruritus at the site of allergen expo-
sure." Historically, AD was thought to protect against the
development of ACD;'"° however, subsequent evidence has
suggested the reverse, potentially because of a combina-
tion of increased skin permeability, dysregulation in shared
immune response pathways and the application of topical
medications that may contain ACD allergens.’0.1"

ACD is considered a type IV hypersensitivity response
under the Gell and Coomb classification through associa-
tion with a delayed T-cell response. Mechanistically, the
conventional model of ACD is thought to involve two sep-
arate phases: sensitization and elicitation.? Haptenation of
ACD allergens through complexing with cutaneous carrier
proteins has been thought to be required for immune rec-
ognition, prior to internalization by APCs and presentation
via MHC molecules to induce the development of memory
and effector T cells."'?'8 Subsequent allergenic exposure
triggers rapid and heightened inflammation through stim-
ulation of these presensitized T cells. Nevertheless, many
known ACD allergens are unlikely to undergo haptenation,
suggesting that alternative mechanisms may contribute to
disease pathology.”* Type 1 cells are the primary drivers of
ACD pathogenesis although type 2, type 17 and type 22
cells also make important contributions.'0.115-118

Recent evidence indicates that CD1a-dependent mech-
anisms are involved in ACD development. First, urushiol,

which is found within poison ivy and historically consid-
ered to be a hapten, was shown to directly induce CD1a-
dependent T-cell responses.’?'"? Using a hCD1a-Tg mouse
model, Kim et al. discovered that skin inflammation was
driven by urushiol-specific CD1a-dependent CD4+ T cells
with secretion of IL-17 and [L-22.7° This characteristic type
17 cell signature corresponded to the cytokine changes
observed in humans with poison ivy dermatitis. Urushiol
demonstrated the capacity to displace ganglioside GD from
the CD1a cleft, with potentially 20% of the urushiol mole-
cule extending outside of the cleft.

The known repertoire of CD1a contact dermatitis allergens
was extended through the discovery of farnesol, benzyl ben-
zoate, benzyl cinnamate and coenzyme Q-compounds.*®
These allergens were found to not require cellular process-
ing prior to CD1a loading. Additionally, Nicolai et al. deter-
mined that farnesol could reside deeply within the CD1a
cleft, adopting a medial alignment and suggesting that
haptenation is not essential.*> Similar to urushiol, farne-
sol was observed to displace endogenous lipids from the
CD1a groove, further supporting a hapten-independent
model of ACD pathogenesis. Moreover, multiple additional
contact sensitizers were shown to potentiate CD1-specific
responses that were dependent on the presence of endog-
enous lipids, with 2,4-dinitrochlorobenzene (DNCB) in par-
ticular, inducing activation of CD1a-reactive T cells.”? This
resulted in enhanced secretion of IFN~, GM-CSF, type 2
and type 22 mediators. These cells were also shown to
express CLA and CCR4, suggesting that they may possess
the capacity to infiltrate into the skin. Therefore, allergen-
sensitive CD1a-reactive T cells contribute to ACD devel-
opment. Together, this expands upon the long-recognized
model of ACD involving haptenation and a type IV hyper-
sensitivity response.

Therapeutic potential and conclusions

Many different treatments are now available for inflamma-
tory skin diseases that have emerged through an improved
understanding of disease pathogenesis. Therapies can effec-
tively and specifically target pathological cytokine pathways,
although they are not necessarily effective in all patients
and specific adverse effects can occur.’?! Approaches so
far have not specifically targeted the upstream elements
associated with T-cell engagement with antigen, largely
because of uncertainties about the dominant antigenic tar-
gets involved. The increased understanding of the broad and
vital role that CD1a plays in the pathogenesis of inflamma-
tory dermatoses reveals a possible novel target. The highly
skin-specific expression of CD1a and its contribution to dis-
ease pathogenesis suggests that targeting CD1a-dependent
pathways may be an effective approach to treat inflamma-
tory cutaneous disorders while minimizing side-effects.
Preclinical studies are encouraging'®'” and an antibody is
completing Phase | development with an early focus on AD
(https://classic.clinicaltrials.gov/ct2/show/NCT04668066).
However, the antibody binds a region of CD1a that is flexible
and is known to be influenced by the nature of the housed
lipid.?® It is not known whether this might have an impact on
efficacy, but regardless of whether this initial trial is success-
ful, the preclinical and clinical studies will uncover further
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biology that will help define risk-benefit and optimal future
therapeutic strategies.
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CPD questions

Learning objective

To understand how CD1a contributes to inflammatory skin
disease development.

Question 1

Which epidermal cell type expresses CD1a at constitutively
high levels?
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(@) B cells.

(b) Keratinocytes.

(c) Langerhans cells.

(d) Melanocytes.

(e) Tcells.
Question 2

Which class of nonpermissive lipids have been shown to be
selectively captured by CD1a?

(a) Cholesterol.

(b) Short-chain sphingomyelins.

(c) Squalene.

(d) Triacylglycerides.

(e) Very-long-chain sphingomyelins.
Question 3

What type of phospholipase A, (PLA,) was shown to
contribute to psoriasis development in a CD1a-dependent
manner?

(a) Beevenom PLA,.

(b) House dust mite PLA,.

(c) Lipoprotein-associated PLA,.

(d) PLA,G4D.

(e) Wasp venom PLA,.
Question 4

In human transgenic mouse models, which of the following
substances can be used to recapitulate type 17- and type
2-cytokine inflammation, respectively?

(a) House dust mite and MC903.
(b) Imigquimod and MC903.

(c) MC903 and imiquimod.
(d)  Urushiol and imiquimod.
(e) Urushiol and MC903.

Question 5

Which CD1 lipid antigen has been associated with poison
ivy dermatitis?

(a) Cholesterol.

(b) Farnesol.

(c) Sphingomyelin.
(d) Squalene.

(e) Urushiol.

Instructions for answering questions

This learning activity is freely available online at https://
oupce.rievent.com/a/JTUDZI
Users are encouraged to

e Read the article in print or onling, paying particular atten-
tion to the learning points and any author conflict of inter-
est disclosures.

e Reflect on the article.

e Register or login online at https://oupce.rievent.com/a/
JTUDZI and answer the CPD questions.

e Complete the required evaluation component of the
activity.

Once the test is passed, you will receive a certificate and
the learning activity can be added to your RCP CPD diary as
a self-certified entry.

This activity will be available for CPD credit for 5 years fol-
lowing its publication date. At that time, it will be reviewed
and potentially updated and extended for an additional
period.
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