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Tissue-specific contribution of mucosal-associated invariant
T cells to allergic airway inflammation

To the Editor,

Mucosal-associated invariant T (MAIT) cells are major histocom-
patibility complex (MHC) class I-related protein 1 (MR1)-restricted
T cells which exert anti-microbial as well as homeostatic func-
tions, populate all mucosal tissues as well as the skin and have a
microbiome-dependent development, making their contribution to
allergic diseases likely.! Whether that contribution is protective or
pathogenic remains unresolved. Indeed, we recently described the
disease promoting activity of MAIT cells in atopic dermatitis (AD),
while others made opposing observations for asthma®®—the latter
observation having since been validated and expanded using a trans-
genic mouse strain artificially enriched in MAIT cells.*

So far, the allergic potential of MAIT cells has only been stud-
ied in single tissues, each receiving distinct imprints from resident
MAIT cells.> To determine which imprint prevails during allergic
propagation from the skin to the lung, we compared MR1”~ and
WT micein anexperimental model of the allergic march, comprised
of epicutaneous sensitization and airway challenge to house dust
mite (HDM; Figure 1A). In WT mice, this model induced a robust
HDM-specific IgE response and eosinophilic lung infiltration, de-
tectable in both the bronchoalveolar lavage fluid and lung tissue
(Figure 1B-E). Remarkably, MR1™™ mice were virtually protected
from disease, as reflected by all disease parameters (Figure 1B-E).
To circumvent the potentially confounded phenotype of MR17",
due to simultaneous removal of pathogenic and protective MAIT
cells in the skin and lung, respectively, we next co-applied HDM
and the MAIT cell antagonist Ac-6-FP (previously used as topical
treatment against experimental AD?) to spatiotemporally block
MAIT cells in the skin of WT mice. As shown in Figure 1B-E, Ac-6-
FP-treated WT mice closely phenocopied the reduced eosinophilia
and IgE production observed in MR1™" mice, suggesting that the
pathogenic contribution of MAIT cells is restricted to the skin and
that MAIT cells may influence both innate and adaptive features
of allergen sensitization. To start addressing the possibility that
skin MAIT cells directly interact with dendritic ceIIs,6 we deter-
mined the proportion of activated (CD86+) type-2 dendritic cells
(DC2) in the skin draining lymph node of WT mice epicutaneously
sensitized with HDM and observed a significant reduction in the
presence of Ac-6-FP (Figure S1A). Skin MAIT cells also influenced

the innate sensitization of the pulmonary microenvironment, as
reflected by the significant inhibition of eosinophilic (pre-)acti-
vation (CD69+) (not observed in the blood) and the increase of
alveolar macrophages in MR1”™ mice, conferring additionally pro-
tective effects’ (Figure S1B).

To confirm the responsiveness of lung-resident MAIT cells in
this model, we examined their number and activation state (CD25
and CD69 expression), which we found to be significantly elevated
at endpoint (Figure 1F-H). While Ye et al.® have previously shown
that pulmonary MAIT cell numbers decrease upon repeated aller-
gen administration, as early as Day 6 after the initial exposure, the
pulmonary consequences of epicutaneous sensitization (Figure S1)
may have qualitatively altered the response to HDM and avoided
MAIT cell decline. We also observed that our baseline number of
pulmonary MAIT cells was comparatively much lower, which may
be related to different environmental conditions (i.e. lower envi-
ronmental bioburden), as reported for cutaneous MAIT cells.®®In
such a setting, HDM, as a carrier of microbial metabolites, may
provide sufficient antigenic stimulation to influence MAIT cell ac-
tivation/expansion. Consistently, we found i.n. HDM to increase
the percentage of Nur77-positive pulmonary MAIT cells—a surro-
gate for recent TCR signalling—albeit without reaching statistical
significance, and modestly compared to the positive control 5-OP-
RU (Figure 1I).

Next, we compared WT and MR17" mice in allergen sensiti-
zation/challenge models which bypass the skin, including HDM
and Alternaria alternata (Alternaria) lung-only models, and oval-
bumin (OVA) lung challenge after intraperitoneal sensitization.
In strong contrast to epicutaneously sensitized mice, WT and
MR1”~ showed similar levels of pulmonary eosinophilia, in terms
of both frequency and absolute numbers, when initially and re-
peatedly challenged with HDM or Alternaria via the airways, not-
withstanding a significant decrease in the number of eosinophils
in MR1™”™ mice challenged with Alternaria (Figure 2A,B). To recon-
cile these observations with the reported protective function of
MAIT cells in this setting, we crossed MR1™~ with IL-4/I1L-13 dual
reporter mice (4C13R) and indeed observed significantly higher
IL-4* and IL4*IL-13" CD4* T-cell frequencies in the lung-draining
lymph node of 4C13R x MR1™" mice after two successive i.n. HDM

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2024 The Authors. Allergy published by European Academy of Allergy and Clinical Immunology and John Wiley & Sons Ltd.

1962 | wileyonlinelibrary.com/journal/all

Allergy. 2024;79:1962-2015.


www.wileyonlinelibrary.com/journal/all
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fall.16038&domain=pdf&date_stamp=2024-01-25

LETTERS
(A) (B)
&>
=) - _
. , : . a %47 wWT
Sensitization Challenge Endpoint < : ® -
shave ; z 3 4 Qe Mr1
. intranasal HDM é . w03+ [
tape strip (or PBS) tissue o =)
24h dermal patch sampling £ ° —
% HDM +/- Ac-6-FP Ll = 24 £ 02+ p
(or PBS) 2 «® o @ o ® o e
= > £ 1 & o1 R
o 4 .
Day 1 7 8 9 10 11 14 g :. —.- ° E
Lm0 g0 ol T
0 00—
Sensitization/challenge  PBS HDM HDM PBS HDM PBS HDM HDM PBS HDM
AcBFP - — o+ - — - -+ - -
(D) (E)
WT Mr1_/_ — k%%
2 1000 — * * WT
o
g Mr1--
siglecF § 1500 .
. Ire) °
z o
§ 500 * e =
‘B o <
3 oo ¢ o
- ** 0 T T T T T
PBS HDM HDM + Ac-6-FP HDM Sensitization/challenge PBS HDM HDM PBS HDM
Ac6FP - - + - -
(F) (G) (H) . (U] .
— ]
()]
S 25- * D go, 2 15 s 10 .,
x = 3 ° c ns °
c = £ —
g’ 2.0 ° @ 60 . @ . % 10 °
w— [ ] oy o -
£ 154 o 8 B g 10 «® S8 .
© = il = 00 < * .
6 . £ 40 . 2 < s °°
o 1.04 ° > = o
= Ce + + 5 L4
< v 20 o ~
= 0.5 8 8 =] 2
#* o8 e 3) 00 [3) z
00— e O0l—0o0—r— x 0 & 0
Sensitization PBS HDM PBS HDM PBS HDM PBS HDM 50PRU PBS

Nur77-GFP WT

FIGURE 1 MAIT cell dependence of allergic propagation from the skin to the lung. (A) Protocol. (B) Eosinophil counts in the BAL, (C)
HDM-specific IgE and (D-E) eosinophil quantification by confocal microscopy in lung tissue. Assessment of MAIT cell (F) numbers and
expression of (G) CD25 and (H) CDé69 in lungs. (1) Expression of Nur77 by pulmonary MAIT cells 24 h after i.n. HDM or 5-OP-RU. Schema
of treatment regimen created with BioRender.com. Significance by one-way ANOVA or Mann-Whitney test (F-H): *p <.05, **p<.01,

***p <.001, ****p <.0001, ns, non-significant.

administrations (Figure 2C), consistent with the higher concentra-
tion of IL-13 in lung tissue observed by Ye et al®Itis important to
note that the extent of eosinophilic infiltration uponi.n. allergen ad-
ministration, and its reproducibility or lack thereof across studies,
may be related to qualitative batch differences between allergen
extracts. Indeed, the dose of Alternaria that could be safely admin-
istered to our mice was 5 pg, while a single i.n. dose of 50 pg, as used
by Ye et al. (sourced from the same manufacturer), proved lethal in
our hands. Similarly, the varying levels of HDM-associated endo-
toxins have been shown to influence the transcriptomic signature
of HDM-challenged airways.’

Lastly, intraperitoneal sensitization with OVA/alum and sub-
sequent OVA challenge led again to almost identical pulmonary

eosinophilia in WT and MR17" mice (Figure 2D), contrasting the

moderately exacerbated phenotype observed in MR1™" mice by
Sasano et al.2°

In summary, our observations indicate that the contribution of
MAIT cells to allergic airway inflammation is dependent upon the
route of sensitization. If sensitization occurs via the skin—of par-
ticular relevance for the allergic march—MAIT cells' contribution
is pathogenic, including mechanistic aspects of both innate and
adaptive nature. On the contrary, if allergen is first encountered via
the airways, MAIT cells exert a protective function. It remains to
be determined to what extent this dichotomy is related to intrinsic
functional differences between skin- and lung-resident MAIT cells,
tissue-specific combinations of T-cell receptor (TCR)-dependent and
-independent activation and/or MAIT cells' local interaction part-

ners (e.g. DC and epithelial cells).
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FIGURE 2 MAIT cell dependence of allergic lung inflammation models without skin involvement. (A) HDM lung-only model; protocol
(left) and tissue eosinophilia (right). (B) Alternaria (alt.) lung-only model; protocol (left) and tissue eosinophilia (right). (C) Acute HDM
challenge model; protocol (left) and IL-4- and IL-4/1L-13-producing CD4" T-cell frequencies (right). (D) OVA model; protocol (left) and tissue
eosinophilia (right). Schemas of treatment regimen created with BioRender.com. Significance by one-way ANOVA: *p <.05, **p <.01, ns, non-

significant.
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