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Abstract

The high expression of CD1a on Langerhans cells in normal human skin suggests a central

role for this lipid antigen presenting molecule in skin homeostasis and immunity. Although the
lipid antigen presenting function of CD1a has been known for years, the physiological and
pathological functions of the CD1a system in human skin remain incompletely understood. This
review provides an overview of this active area of investigation, and discusses recent insights into
the functions of CD1a, CD1a-restricted T cells, and lipid antigens in inflammatory and allergic
skin disease. We include recent publications and work presented at the biennial CD1-MR1 EMBO
workshop held in 2019 in Oxford, regarding lipids that increase and those that decrease T cell
responses to CDla.

1. CD1A AND ITS EXPRESSION IN HUMAN SKIN

CD1a is a relatively non-polymorphic f2-microglobulin-associated membrane protein that
is structurally related to MHC class I, yet the antigen binding cleft of CD1a is specifically
equipped to accommodate lipids rather than peptides. The antigen binding cleft comprises
of two pockets (A’ and F’) lined with hydrophobic amino acids that can accommodate the
acyl chains of lipid ligands (Zajonc et al., 2003, Zajonc et al., 2005). Of the four cell-surface
expressed CD1 isoforms in humans, CD1a is the only isoform that lacks an adaptor protein
binding tyrosine-based cytoplasmic sorting motif in its short cytoplasmic tail, and therefore
does not traffic to the late endosomes. Nevertheless, CD1a is internalized and traffics to

the early recycling endosomes, and recycles back to the plasma membrane (Salamero et al.,
2001, Barral et al., 2008). The capture and exchange of lipid antigens by CD1a occurs at
neutral pH, and is thought to take place both at the cell surface and in early endosomes
(Cernadas et al., 2010, Manolova et al., 2006). This differs from CD1b, CD1c, and CD1d,
which traffic more extensively through the endosomal network, and have pH requirements
and accessory mechanisms for antigen loading (reviewed in (Moody and Porcelli, 2003)).
The ability of CD1a to more readily exchange lipids at the cell surface and early endosomes
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(Manolova et al., 2006, Cernadas et al., 2010), suggests that the lipid repertoire presented
by CD1a also reflects that of the extracellular milieu. The biological relevance of this in the
context of a skin immunology is not fully understood.

CD1a was first described to be present on the surface of immature thymocytes (Reinherz

et al., 1980), expression of which is lost upon T cell maturation. Subsequently, expression
of CD1a was detected on the surface of Langerhans cells in the epidermis of the skin
(Murphy et al., 1981), and has since commonly been used as a marker for Langerhans cells
in combination with Langerin expression. The constitutively high expression of CD1a on
Langerhans cell in normal skin suggests an important role for lipid antigen presentation in
skin homeostasis. The localization of Langerhans cells at the barrier between skin immune
system and skin microbiome makes these CD1a expressing cells ideally positioned to
detect barrier breaches and changes in local extracellular milieu (Yoshida et al., 2014).
Beyond Langerhans cells, CD1a is expressed at lower levels on a subset of dermal myeloid
dendritic cells, and recent insights have shown that upon acute sterile skin inflammation,
there is early infiltration of another CD1a+ dendritic cell subset, co-expressing BDCA-2
and CD123 (Chen et al., 2020). These markers are generally associated with plasmacytoid
dendritic cells, but may become expressed by other cells during a wound healing response.
Furthermore, in inflammatory skin diseases such as atopic dermatitis, and psoriasis, the
frequency of CD1la-expressing dendritic cell subsets is increased, and migratory patterns of
Langerhans cells are altered (Wollenberg et al., 1996, Langeveld-Wildschut et al., 2000, He
et al., 2020). Specifically, it has been observed that psoriatic lesional Langerhans cells show
reduced mobilization in response to TNFa and IL-1p, which was subsequently shown to be
related to an IL-17A-induced component of the keratinocyte secretome (Cumberbatch et al.,
2006, Eaton et al., 2018). Retained populations of CD1a-expressing antigen presenting cells
may promote maintenance of cutaneous inflammation. Besides dendritic cells, CD1a can be
expressed and upregulated on a subset of skin innate lymphoid cells (ILCs), in particular
ILC2 cells by TSLP, released in the context of skin inflammation. This CD1a expression has
been shown to be functionally capable of activating CD1a-restricted T cells (Hardman et al.,
2017).

Overall, the baseline high expression of CD1a on skin resident Langerhans cells, as well as

on dermal dendritic cells, supports the notion that CD1a-dependent T cell activation plays a
normal physiological role in human skin. Also, the increase in CD1a expressing DC subsets
in inflammation, and upregulation of CD1a on ILC2 in atopic dermatitis skin may underlie

the increased activation of CD1a-reactive T cell populations in inflammatory skin disease.

2. CDI1A-RESTRICTED T CELLS, LIPIDS ANTIGENS, AND MODES OF
ANTIGEN RECOGNITION

2.1. CDla-autoreactive T cells

The first described CD1a-restricted T cell clone (BK6) was a CD4~/CD8™ double negative
T cell clone isolated from a patient with systemic lupus erythematosus, which responded to
CD1a in the absence of exogenous lipid antigen (Porcelli et al., 1989). Later studies revealed
that these so-called CD1a-autoreactive T cells are common in blood of healthy individuals,
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suggesting they have a normal physiological function (de Jong et al., 2010, de Lalla et al.,
2011). Their expression of skin-homing chemokine receptors CCR4, CCR10, and cutaneous
lymphocyte antigen (CLA) were the first indication that these T cells commonly home to
the skin. Indeed, CD1a-autoreactive responses were also detected among T cells isolated
from non-diseased skin tissue (de Jong et al., 2010). Based on their chemokine receptor
expression, CD4 expression, as well as their dominant production of 1L-22 in the absence of
IL-17A, many of these CD1a-autoreactive T cells appeared to represent Th22 cells, a human
skin homing T cell subset (Eyerich et al., 2009, Trifari et al., 2009, Duhen et al., 2009).

Initial studies of CD1la-autoreactive T cells were performed using functional readouts

such as IL-22 and IFN-vy release in response to CD1a transfectants. Recently, tetramer
staining has been used to detect CD1a-restricted T cells more broadly, independent of their
activation status or cytokine profiles. A study from the Moody laboratory, presented at the
CD1/MR1 workshop, showed staining of human skin T cells using fluorescently-labeled
CD1a tetramers (Cotton et al., 2020). “Unloaded” CD1a tetramers stained on average

1% of skin T cells, which were bona fide CD1a-reactive T cells, since they produced
cytokines in a CD1a-dependent manner. The production of IL-22 by the tetramer* T cells
confirmed the previously suggested Th22 phenotype of CD1a-autoreactive T cells and
directly demonstrated the presence of such cells in skin (de Jong et al., 2010). The tetramer
staining did not require exogenous lipids, but instead relied on the endogenous lipids present
in the CD1a molecules purified from human cells. This observation supports the notion that
activation of CD1la-autoreactive T cells must be tightly regulated in normal uninflamed skin.
Overall, the availability of “unloaded” CD1a tetramers as a tool for the identification and
quantification of CDZ1a-reactive T cells will likely fuel new studies into their functions in
normal skin immunity and in inflammatory skin disease.

2.2. Interactions between TCR and CD1a — The role of lipid antigens

Whereas the recognition of peptide antigens by MHC-restricted T cells is generally highly
specific for the peptide motif, for CD1-restricted T cells the specificity of the TCR for
CD1-lipid complexes has varied from highly specific (Moody et al., 1997), to cross-reactive
or even seemingly independent of the lipid antigen (Wun et al., 2018, Mallevaey et al., 2011,
Gapin et al., 2013). The latter appears to hold true for CD1a-autoreactive T cells, where lipid
antigen recognition appears to play less of a role in T cell activation. Increasing evidence
suggests that small hydrophobic lipids that nest inside the CD1a protein and do not protrude,
allow the TCR to interact with the CD1a protein itself, rather than with the lipid. Indeed,

the activation of CD1a-autoreactive T cells by sebaceous gland lipids that lacked hydrophilic
headgroups (de Jong et al., 2014), prompted the ‘Absence of Interference model’. In this
model, small lipids nesting inside the CD1a protein allow the TCR to contact the surface

of CD1a, whereas certain lipids with large or charged headgroups prevent the interaction
between TCR and CD1a and thereby prevent T cell activation (de Jong, 2015, Layre et

al., 2014). Structural work is consistent with this model; the trimolecular structure of a
CDla-autoreactive TCR (BK6) bound with CD1a loaded with lysoPC showed that the TCR
bound to the A’ roof of CD1a and did not interact with the lipid, which did not protrude
from the CD1a protein (Birkinshaw et al., 2015). Also, Rossjohn’s group showed that
mutation of the outer surface of the A’ roof of can more generally block T cell responses,
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supporting the idea of TCR specificity for CD1a itself (Cotton et al., 2020). Sulfatide as well
as long chain sphingomyelin were capable of disrupting the roof over the A’ tunnel, leading

to a loss of the CD1a-TCR binding plane, indirectly preventing TCR binding (Birkinshaw et
al., 2015).

An important implication of this mode of T cell activation is that it is not dependent on the
absence or presence of a particular lipid antigen, but rather on the ratio of permissive lipids
(allowing TCR to interact with CD1a) and non-permissive or inhibitory lipids (preventing
TCR from interacting with CD1a). This mode of activation may have consequences for
CDla-dependent T cell activation in inflammatory skin disease, where the composition

of extracellular lipids in stratum corneum is often altered (van Smeden et al., 2014, van
Smeden et al., 2013, Imokawa et al., 1991, Di Nardo et al., 1998), and lipid modifying
enzymes, such as phospholipase A2 (PLA2) increase levels of known permissive lipids,
including small, single chain lysolipids that resemble lysoPC (Bourgeois et al., 2015,
Murakami et al., 2016).

2.3. Inhibitory lipids for CDla-autoreactive T cells.

The abundance of permissive lipids, CD1a-expressing APCs, as well as CD1a-reactive

T cells in normal skin suggests that, under non-inflammatory conditions, regulatory
mechanisms are in place to prevent constant T cell activation. Prior studies have provided
preliminary indications that certain non-permissive lipids could prevent CD1a-dependent

T cell activation by preventing CD1a/TCR interactions (Birkinshaw et al., 2015, de Jong
etal., 2014). Studies presented at the 2019 Oxford CD1-MR1 conference looked at this
phenomenon in more detail, and showed the effects of individual lipids on the binding

of CD1a tetramers to CD1a-reactive T cells isolated from human skin. “Unloaded” CD1a
tetramers containing endogenous lipids were able to stain CD1a-reactive T cells, likely
because the CD1a molecules contained abundance of permissive lipids. Elution of the

lipid from CD1a monomers and analysis by HPLC-MS, detected multiple families of

lipids including diacylglycerols, phosphatidylcholines, and sphingomyelins. Testing of the
individual lipids loaded onto CD1a, and tetramerized for staining of the CD1a-reactive

T cell lines, showed that whereas many self lipids permitted tetramer binding, certain
molecular species of sphingomyelin strongly inhibited CD1a tetramer binding. This was
observed for all the CD1a-reactive T cell lines tested, suggesting broad blocking/inhibitory
effects when this sphingomyelin is bound to CD1a (Cotton et al., 2020). This finding
confirms the ability of certain lipids with charged headgroups to disrupt the binding of

the TCR to CD1a, and putatively block T cell activation, which raises many follow up
questions with potentially broad clinical applications. The abundance of sphingomyelins in
all cells further prompts the questions whether under normal homeostatic conditions these
lipids render CD1a non-antigenic to T cells. In terms of clinical implications, such inhibitory
lipids may provide a means to halt CD1a-dependent T cell activation in the skin in the
context of inflammatory skin disease and/or allergic contact dermatitis. It is of relevance that
CD1d reactivity was also found to be enhanced in the presence of acid sphingomyelinase
suggesting that the pathway may be more widely applicable (Melum et al., 2019). Future
clinical and translational work will reveal the clinical relevance of these molecular findings.
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2.4. Bacterial lipid recognition by CD1la-restricted T cells

Although cumulative evidence points to a CD1a-reactive T cell population representing

a significant population in human skin, it is currently unclear if these ‘self-reactive’

T cells are the main population of CD1a-restricted T cells in humans. Prior studies

have identified CD1a-restricted T cells specific for the mycobacterial lipopeptide antigen
dideoxymycobactin (DDM) from Mycobacterium tuberculosis, and DDM loaded dextramers
identified the presence of low-frequency DDM-reactive CD1a-restricted T cells in the
peripheral blood of M. tuberculosis exposed individuals (Kasmar et al., 2013). In another
study, CD1a-restricted T cells responding to M. /eprae lipids were isolated from lesional
skin of an M. leprae patient (Hunger et al., 2004). These studies indicate that foreign
antigen-specific CD1a-restricted T cell responses are also part of the T cell repertoire, but
it is not yet known if the response is caused by antigen-exposure. Recognition of other,
more common bacterial lipids by CD1a-restricted T cells has not been investigated, yet the
abundance of CD1a molecules at the interface between skin microbiome and skin immune
system suggests that lipids from resident commensal and pathogenic bacteria could be
bound by CD1a and presented to T cells.

A preliminary study investigating this was presented at the EMBO CD1-MR1 workshop.
The laboratory of Annemieke de Jong developed CD1a tetramers loaded with a common
bacterial membrane phospholipid, and detected a population of CD1a-restricted T cells in
skin and blood, that specifically bound the bacterial lipid antigen-loaded tetramer (Monnot
etal., 2019). In the peripheral blood, these T cells were predominantly detected in the CD4*
ap T cell fraction, and were readily isolated and expanded in vitro. The T cells responded
specifically to bacterial phospholipid antigen in a dose-dependent manner, both in a plate-
bound CD1a assay as well as an antigen presenting cell-based assay. This newly identified
subset of CD1a restricted T cells specifically bound the bacterial lipid loaded tetramers, but
not the unloaded tetramers. By separately sorting CD1a-autoreactive and CD1a bacterial
lipid reactive T cells and performing single cell RNAseq, preliminary results showed

that these two CD1a-restricted CD4* T cell subsets have distinct transcriptional profiles.
Whereas the bacterial lipid reactive T cells were overrepresented in a Th2-like cluster,

the CD1la-autoreactive T cells more frequently clustered with regulatory T cells (Treg)
(Monnot et al., 2019). This suggests the CD1la-autoreactive and bacterial lipid-reactive T
cells represent different T cell subsets with likely distinct functions. Ongoing studies aim to
understand the role of CD1a-dependent recognition of bacterial phospholipids in the T cell
response to commensals and pathogens that colonize our skin in health and disease.

Another transcriptional study of CD1-restricted T cell subsets, including CD1a-restricted

T cells, was presented at the CD1-MR1 meeting by Daniel Pellicci. His group identified
CDla-endo and CD1a-DDM tetramer binding T cells in peripheral blood of donors, and
determined by single cell RNAseq that these T cells express diverse TCRs and that the gene
expression profiles of this population differed from those of NKT cells, as well as from
CD1b-restricted T cell populations (Nguyen-Robertson et al., 2019). The ex vivo analysis of
gene expression profiles of CD1a-restricted T cell populations will help us better understand
the phenotypes, diversity and functional properties of these T cells.
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3. CDI1A-RESTRICTED T CELLS IN INFLAMMATORY SKIN DISEASE

3.1. PLA2-dependent augmentation of CDla-autoreactive T cell responses

PLA2 enzymes, both from exogenous and endogenous sources, are increased in some
inflammatory skin diseases, and are a hallmark of chronic inflammation (Murakami et al.,
2016, Chiba et al., 2004, Cheung et al., 2016, Mahil et al., 2017). PLA2 enzymes cleave
phospholipids at the sn-2 position, yielding a lysophospholipid and a fatty acid, both of
which have been shown to be permissive lipids for CD1a-autoreactive T cells (Bourgeois
et al., 2015, Birkinshaw et al., 2015). The generation of these ‘neolipid” antigens by PLA2
has been shown to play a role in the activation and expansion of CD1a-restricted T cells

in skin and blood of patients with atopic dermatitis (Jarrett et al., 2016), psoriasis (Cheung
et al., 2016), and wasp and bee venom allergy (Bourgeois et al., 2015). In these three
patient populations, the source of PLA2 differed; PLA2 came from wasp or bee venom
(Bourgeois et al., 2015), house dust mite (Jarrett et al., 2016), and an endogenous source
such as cytoplasmic PLA2G4D present in mast cell derived exosomes (Cheung et al.,
2016). Irrespective of the source, PLA2-dependent augmentation of CD1a-autoreactive T
cell activation was observed in T cell lines, polyclonal T cell cultures, and ex vivo in T cell
populations isolated from human skin or blood. This provides a link between inflammation
and CD1a-restricted T cell activation.

In addition to promoting CD1a neolipid antigen generation (Bourgeois et al., 2015,
Subramaniam et al., 2016), wasp venom phospholipase represents a dominant target for

IgE in the setting of wasp venom-induced anaphylaxis. Challenge of human skin with bee
venom led to the production of lysophosphatidylcholine in the skin, consistent with PLA2
activity /n vivo (Bourgeois et al., 2015). An analogous mechanism was noted for PLA2
activity within house dust mite extracts (Jarrett et al., 2016), which are known to be a
source of IgE reactivity in at least 70% of individuals with atopic disease including atopic
dermatitis, and some subtypes of asthma and rhinitis. Individuals with moderate-to-severe
atopic dermatitis have impaired skin barrier, which can associate with mutations in the gene
encoding filaggrin, a key component of the stratum corneum barrier. Filaggrin was found to
inhibit the HDM-derived PLA2 activity, suggesting a role of filaggrin beyond that of a pure
structural function to an additional anti-inflammatory role (Jarrett et al., 2016).

It is also noteworthy that langerin is thought to support CD1a loading (Hunger et al.,

2004) and polymorphisms within its corresponding gene CD207 are strongly associated
with atopic dermatitis (Paternoster et al., 2015, Hunger et al., 2004). CD1a-reactive T cells
rapidly infiltrated the skin after house dust mite challenge and were capable of producing
IFNy and IL-13 in these settings. Type 2-inducing cytokines and lipid mediators were found
to induce CD1a-expression by innate lymphoid cells (ILC); and Staphylococcus aureus
induced expression of PLA2G4A by ILC leading to amplification of a CD1a-dependent

T cell response (Hardman et al., 2017). It is of interest that many known allergens are
lipid-binding proteins and it is postulated that these may aid the transport or loading of lipids
into the CD1 pathways, which promote a subsequent inflammatory response and concurrent
peptide-specific T cell and IgE reactivity, analogous to the known mechanisms of saposins
(Zhou et al., 2004).

Mol Immunol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

de Jong and Ogg

Page 7

Endogenous PLA2 activity has also been implicated in the pathogenesis of psoriasis. The
gene encoding PLA2G4D is an enriched transcript in lesional skin (Chiba et al., 2004,

Mabhil et al., 2017) and was recently shown to promote a CD1a-autoreactive T cell response
which is elevated in the blood and tissue of patients with psoriasis (Cheung et al., 2016,

Kim et al., 2016). Furthermore, in the imiquimod model of psoriasis in human CD1a
transgenic mice, anti-CD1a antibody administration was associated with reduction in clinical
score, implicating potential therapeutic relevance for the pathway (Kim et al., 2016). PLA2
enzymes associate with a diverse family of non-inflammatory and inflammatory mediators,
and it remains to be fully investigated whether distinct substrates, products or conditions will
promote a net generation of pro-inflammatory or homeostatic signals.

3.2. CDladependent T cell responses to contact allergens

Allergic contact dermatitis is a common delayed type hypersensitivity reaction, generally
thought to be caused by T cells recognizing small chemicals. For many known skin contact
allergens, the exact mechanism by which T cells react to the allergenic chemicals has
remained unclear. Since most common skin allergens are non-peptidic in nature, they were
thought to require binding to a large protein to be recognized, in a process referred to

as haptenation. Although there is evidence that certain drugs, such as sulfamethoxazole,
lidocaine, and penicillins, can initiate T cell mediated hypersensitivity through haptenation
of peptides, MHC or TCR (reviewed in (Bharadwaj et al., 2012, Adam et al., 2011)), it
remains unclear to which extent this mechanism accounts for the larger spectrum of contact
allergens. Many known contact allergens lack reactive groups to covalently bind to proteins
and form haptens, and therefore T cell reactivity to these compounds is likely mediated
through other mechanisms. In recent years, CD1a has been implicated in the activation of
T cells in response to contact allergens. In a human CD1a transgenic mouse model, the
response to urushiols, the oily allergenic compounds in poison ivy, was shown to be at

least partially mediated by CD1a (Kim et al., 2016). Both ear thickness as well as CD4*
IL-17 and IL-22 producing T cells were increased after urushiol sensitization and challenge
in CD1a transgenic as compared to wild type mice. In poison ivy sensitized individuals,
increased CD1a-restricted responses to urushiol were observed (Kim et al., 2016). Another
study provided evidence for the augmentation of CD1a and CD1d-autoreactive responses
by several small contact allergens (Betts et al., 2017). In this study, the activation of CD1-
restricted T cell lines appeared to be dependent on endogenous lipids, yet the mechanism by
which the response was augmented remained incompletely understood.

A more recent study investigated the role of CD1a in allergic T cell responses to chemical
compounds found in cosmetics and other personal care skin products, including creams

and fragrances (Nicolai et al., 2020). Allergic contact dermatitis to personal care products

is highly prevalent, but in most cases the mechanism by which these small molecules are
seen by T cells has remained unclear. In this study, balsam of Peru, a tree oil widely used

in cosmetics and toothpaste, was found to activate CD1a-autoreactive T cells in a dose
dependent manner (Nicolai et al., 2020). Within balsam of Peru, benzyl benzoate and benzyl
cinnamate appeared to be the compounds stimulating the T cell response. A broad screening
of compounds with similar ring structures and/or double bonds, including other known
contact allergens, identified a variety of structures capable of eliciting a CD1a-dependent
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T cell response. These compounds included farnesol, a contact allergen commonly found

in fragrances. X-ray crystallography of the crystal structure of the CD1a-farnesol binary
complex showed that farnesol was positioned centrally, deep inside the CD1a antigen
binding cleft. This positioning inside the CD1a cleft clearly indicated that the farnesol
antigen was inaccessible to the T cell receptor. The structural data further indicated that

the binding of farnesol did not involve haptenation. HPLC-MS analysis of eluents from
untreated and farnesol treated CD1a protein, indicated that farnesol displaced endogenous
lipids from the CD1a protein. This suggested a mechanism by which the contact allergens
activated CD1a-autoreactive T cells through the displacement of endogenous non-permissive
lipids from the CD1a binding cleft, making the CD1a surface accessible to the TCR.

This mechanism fits with the Absence of Interference model, and further broadens the
observation of lipid-independent interactions between TCRs and CD1a. Overall, this recent
study (Nicolai et al., 2020) provided a missing molecular link between common allergenic
chemical compounds found in fragrances and personal care products and a mechanism

by which they can directly initiate a T cell response. Further patient investigations will
determine whether this mechanism commonly underlies the process of allergic contact
dermatitis.
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Highlights

. Normal human skin contains CD1a-expressing antigen presenting cells, in
particular Langerhans cells, as well as CD1a-restricted T cells

. Expression of CD1a and retention of CD1a expressing antigen presenting
cells are increased in forms of skin inflammation, which may underlie the
observed increase in CD1a-dependent T cell responses

. A proportion of CD1a-autoreactive T cells interacts primarily with the CD1a
protein itself rather than with the lipid bound

. The binding of CD1a-autoreactive T cell receptors to CD1a can be prevented
by certain classes of lipids, which may function as inhibitors of CD1a-
dependent T cell responses

. CD1a tetramers containing endogenous lipids and those loaded with specific
lipid antigens can be used to distinguish different subsets of CD1a-restricted
T cells
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Concluding remarks

In summary, in recent years there has been significant progress in understanding the
extent and nature of CD1a reactivity and the potential implications for disease. The
abundance of CD1a-restricted T cells in skin and their proposed role in inflammatory
skin disease underscores the need for investigating the mechanisms that regulate their
activation. Important areas of translational research include the further identification of
classes of lipids that block TCR-CD1a interactions, as well as increased understanding of
the link between PLAZ2 activity, permissive lipids and CD1a dependent T cell activation.
Last, the identification of CD1a-restricted T cells that respond to common bacterial
phospholipids, using CD1a tetramers, enables future studies into the connection between
skin microbiome and activation of these lipid-specific T cells. Overall, understanding the
interplay between lipids, CD1a molecules and T cells in human skin is an active area of
research that will provide important insights for patients, with relevance to therapeutic
intervention.
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Figure 1. CD1a and lipid recognition in human skin.
Langerhans cells (LC) are in close proximity to the skin microbiome. A subset of human

T cells recognizes a bacterial phospholipid in the context of CD1a. Another subset of

skin T cells is CD1a-autoreactive and primarily interacts with CD1a, rather than the lipid
bound. Permissive lipids allow the interaction between autoreactive TCR and CD1a, whereas
inhibitor lipids prevent this interaction. PLA2 from exogenous or endogenous sources, such
as house dust mite, mast cells, respectively, cleaves membrane phospholipids, yielding
permissive lipids and augmenting CD1a-autoreactive T cell responses. Certain contact
allergens such as farnesol have been shown to displace resident lipids, enabling TCR-CD1a
interactions (Nicolai et al., 2020).

LC Langerhans cell, PLA2 Phospholipase A2, SM Sphingomyelin, SLF Sulfatide, FN
Farnesol (contact allergen), WE Wax ester, FA Fatty acid, LPC Lysophosphatidylcholing,
SQ Squalene.

Mol Immunol. Author manuscript; available in PMC 2022 February 01.




	Abstract
	CD1A AND ITS EXPRESSION IN HUMAN SKIN
	CD1A-RESTRICTED T CELLS, LIPIDS ANTIGENS, AND MODES OF ANTIGEN RECOGNITION
	CD1a-autoreactive T cells
	Interactions between TCR and CD1a – The role of lipid antigens
	Inhibitory lipids for CD1a-autoreactive T cells.
	Bacterial lipid recognition by CD1a-restricted T cells

	CD1A-RESTRICTED T CELLS IN INFLAMMATORY SKIN DISEASE
	PLA2-dependent augmentation of CD1a-autoreactive T cell responses
	CD1a dependent T cell responses to contact allergens

	References
	Figure 1.

