University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Howson, LJ;Bryant, VL

Title:
Insights into mucosal associated invariant T cell biology from human inborn errors of
immunity

Date:
2022-12-22

Citation:

Howson, L. J. & Bryant, V. L. (2022). Insights into mucosal associated invariant T
cell biology from human inborn errors of immunity. Frontiers in Immunology, 13,
pp.1107609-. https://doi.org/10.3389/fimmu.2022.1107609.

Persistent Link:
https://hdl.handle.net/11343/334956

License:
cCcBY


CC%20BY

3 frontiers ‘ Frontiers in Immunology

‘ @ Check for updates

OPEN ACCESS

EDITED BY
Timothy Stopford Christopher Hinks,
University of Oxford, United Kingdom

REVIEWED BY
Chie Sugimoto,
Dokkyo Medical University, Japan

*CORRESPONDENCE
Lauren J. Howson
howson.l@wehi.edu.au

SPECIALTY SECTION
This article was submitted to
T Cell Biology,

a section of the journal
Frontiers in Immunology

RECEIVED 25 November 2022
ACCEPTED 09 December 2022
PUBLISHED 22 December 2022

CITATION

Howson LJ and Bryant VL (2022)
Insights into mucosal associated
invariant T cell biology from human
inborn errors of immunity.

Front. Immunol. 13:1107609.

doi: 10.3389/fimmu.2022.1107609

COPYRIGHT

© 2022 Howson and Bryant. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply
with these terms.

Frontiers in Immunology

TYPE Opinion
PUBLISHED 22 December 2022
po110.3389/fimmu.2022.1107609

Insights into mucosal associated
invariant T cell biology from
human inborn errors

of immunity

Lauren J. Howson*** and Vanessa L. Bryant™**

Immunology Division, Walter & Eliza Hall Institute of Medical Research, Melbourne, VIC, Australia,
2Department of Medical Biology, The University of Melbourne, Melbourne, VIC, Australia,
sDepartment of Clinical Immunology & Allergy, Royal Melbourne Hospital, Melbourne, VIC, Australia

KEYWORDS

MAIT cells, immunodeficiency - primary, autoimmunity, immunogenetics, infection,
inborn errors of immunity

1 Introduction

Inborn errors of immunity (IEI) are a group of inherited disorders caused by
damaging variants in genes essential for immunity. Cases in which a single gene
causes disease provides fundamental insights into how a single protein’s function
directly impacts specific components of the immune system. Patients with IET may
present clinically with primary immunodeficiency, autoinflammation, autoimmunity
and/or malignancy. IEI research is a rapidly growing field, with the recent advances in
genome sequencing leading to 485 currently known monogenetic defects that cause
IEI (1).

Mucosal associated invariant T (MAIT) cells are a subset of unconventional T cells
that are activated following engagement of their T cell receptor (TCR) with MR1, a major
histocompatibility complex (MHC) class I-related molecule that presents vitamin B
metabolite antigens (2). However, MAIT cells can also be activated in a TCR-
independent manner via cytokines, namely interleukin (IL)-12 and IL-18 (3). MAIT
cell effector responses mirror conventional T-helper (Th)1 and Th17 cytokine profiles
(4), but can also engage in CD8 T cell-like cytotoxic responses via release of granzymes
and perforin (5). Due to this broad activation and effector function potential, MAIT cells
have been implicated as key immune players in defense against a range of bacterial and
viral infections, in addition to a role in autoimmunity and cancer (6). Despite these
insights, the proteins and cells essential to support MAIT cell frequency and function,
and the implications for human immunity in the context of dysfunctional MAIT cells, are
only just beginning to be uncovered. Recent reports of IEI that include MAIT cell
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immunophenotyping, and to a limited extent functional
analysis, provide an ideal opportunity to discover the
fundamental factors that govern MAIT cell biology.

2 |El with disruptions to MAIT
cell compartment

Here, we present a curated review of IEI in which MAIT cells
have been assessed for frequency, phenotype and/or function
(Table 1). The most striking disruptions reported in IEI are cases
that report a complete absence of MAIT cells (Figure 1).
Complete MAIT cell deficiency, along with an expansion of Y0
T cells was observed in an individual with MR1 deficiency (29).
This was the result of a homozygous point mutation in the
antigen binding groove of MRI, rendering it unable to present
antigen. This resulted in an immune system with a selective loss
of MAIT cells. This individual’s infection history included
Varicella zoster viral infection (complicated by secondary
bacterial pneumonia and subsequent lung scarring) prolonged
Campylobacter gastroenteritis with haematochezia (which was
initially refractory to treatment), and extensive human
papilloma virus (HPV)" warts refractory to treatment. This
case provided direct evidence for the importance of MAIT
cells’ antigen-dependent role in controlling human bacterial
infections, but also highlighted their antigen-independent role
in controlling human viral infections, as had been suggested by
previous mouse model (45) and observational human studies
(46, 47).

Absence of MAIT cells was also reported in seven
individuals with RORYT deficiency (35), along with a lack of
Th17 and natural killer T (NKT) cells in these patients, who
presented with common features of candidiasis and
mycobacterial disease. MAIT cells were also reportedly absent
in a ZAP70-deficient patient who initially presented with CD8"
T cell lymphopenia and severe viral infections (42). These
examples highlight the exceptionally rare instances of
individuals with a deficiency of a protein essential for either
MAIT cell development or peripheral maintenance. The
immunological phenotype and clinical presentation of those
with a MAIT cell deficiency were varied, but all involved
disturbances to the T cell compartment and frequent, severe,
or difficult to treat infections.

By far the most common observation reported across IEI
describe a decrease in the proportion (or total number) of
circulating MAIT cells. Reduced frequencies of circulating
MAIT cells have been reported for a range of different IEI that
have a diverse clinical and/or immunological presentation,
including: combined immunodeficiency (CID), X-linked
agammaglobulinemia (XLA), Mendelian susceptibility to
mycobacterial diseases (MSMD), X-linked immunodeficiency
with magnesium defect, Epstein-Barr virus infection, and
neoplasia (XMEN), and X-linked lymphoproliferative (XLP)

Frontiers in Immunology

02

10.3389/fimmu.2022.1107609

syndrome. The majority of which are characterized by altered
T and/or B cell compartments. Genes with variants related to a
decrease in MAIT cells can range from: costimulatory receptors
(e.g. CD28) (12, 13), cell structure proteins (e.g. CARMIL2/
RLTPR) (11, 16, 18), cytokine receptors (e.g. ILI2RBI/ILI2RB2)
(24-27), DNA replication proteins (e.g. GINSI) (17, 20) and
transcription factors (e.g. TBX2I) (19, 22, 30, 31, 40, 43) (see
Table 1 for full list).

Interestingly, a single case report described an expansion of
MAIT cells in a child with c-Rel deficiency presenting with a history
of severe viral, bacterial, fungal, and parasitic infections (34). V31
and innate-lymphoid cells (ILC) were also expanded, and reduced
frequencies of natural killer (NK) and regulatory T cells (Tregs),
compared to pediatric healthy controls. However, with only a single
case, it is difficult to interpret whether this MAIT cell expansion is
attributable to the specific IEL, or simply individual variation. Of the
IEI studies that measured and reported MAIT cell frequency, six
have described frequencies of MAIT cells within a normal range in
their patient cohorts (10, 14, 21, 36, 38, 44). Together, these reports
demonstrate that reduced frequency of MAIT cells is a common,
but not a universal, observation in IEL

MAIT cell frequency is also impacted by loss-of-function
variants in IKZF2, which encodes the T cell transcriptional
regulator Helios. Helios deficiency can present as dominant or
recessive CID with varying severity. A heterozygous IKZF2 variant
was reported in a proband and her father presenting with mild CID
characterized by recurrent upper respiratory infections, mucosal
ulcers, and chronic lymphadenopathy (22). The immune
phenotype was chronic activation and proinflammatory cytokine
production by both effector and regulatory T cells, but immune
subset frequencies largely remained intact. A homozygous IKZF2
variant in a single case presented with a more severe CID
characterized by recurrent lower respiratory tract infections,
leading to multiple pneumonias requiring hospitalization (23).
The immune phenotype was more pronounced, with reductions
in: CD4" T, B, and NK cells and an absence of NKT cells. Even with
differing presentations, both studies reported a decrease or absence
of MAIT cells due to the IKZF2 variants. Together, this
demonstrates that MAIT cells are particularly susceptible to
changes in Helios function, compared to other immune cell subsets.

The Helios deficiency study by Hetemiki et al. (22) extended
beyond the typical circulating MAIT cell enumeration to
measure tissue resident MAIT cells. MAIT cells are mucosal
associated as their name suggests, with a large proportion
populating mucosal sites. It is not well understood whether the
MAIT cell circulating frequency reflects that of their tissue-
associated counterparts. Colon and duodenal biopsies were
examined from two individuals with Helios deficiency and a
decrease in MAIT cell frequency was observed in all tissues
examined when compared to healthy donor tissue (22).
Therefore, this reduction in tissue associated MAIT cells
suggests a global decrease of MAIT cells, rather than a
redistribution to the tissues.
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TABLE 1

Summary of inborn errors of immunity that have assessed MAIT cell frequency and/or function.

Inheritance

Variant
type

Gene function

Clinical presentation

Adult/
pediatric

Cohort

MAIT cell fre-
quency

MAIT cells defined by

MAIT cell
phenotype

MAIT cell function

Other immune fea-
tures

| Tregs, V32, NKT,

. Loss-of- Enzyme (adenosine . . . Decreased Surrogate markers memory B, CD4"
ADA2 Recessive function deaminase) Autoinflammatory and immunodeficiency Both 10 (circulating) (CD3'CD161"Va7.2%) ND ND and CD8" memory 7)
T cells
Neutralizing
. Loss-of- Autoimmune Decreased Surrogate markers autoantibodies
AIRE Recessive function regulator APECED Both 8 (circulating) (CD3*CD161*Va7.2") ND ND against type I IFN ®
and IL-22
Absent memory B
. Loss-of- P : . . . . Decreased Surrogate markers and T cells
BCLI0 Recessive function TCR signaling CID: respirators infections Pediatric 1 (circulating) (CD3'CD161"Va72") ND ND | Tregs, NK, 1 T, )
and Tth cells
S ) o . o Absent circulating B
BTK X-linked Loss-f)f- Cell signaling (B XLA: bacterial infections, Aglardla, Not ) 4 thcreasgd TRAVI-2 transcript ND ND cells 10)
function cell) mycoplasma, and enteroviruses provided (circulating)
|/absent serum Ig.
Capping protein CID: bacterial, fungal, mycobacterial 1 naive T cells
. Loss-of- . . . Decreased Surrogate markers
CARMIL2 Recessive function (cgll stfucture and lnfeFtlons, viral warts, molluscum, and Both 6 (circulating) (CD3*CD161Va7.2%) ND ND | Treg and memory (11)
migration) malignancy B cells
. 1 CD8 T cells
. Loss-of- Costimulatory . . . Decreased Surrogate markers
CD27 Recessive function molecule EBV and lymphoproliferative conditions Both 10 (circulating) (CD3*CD161"Va7.2%) ND ND il;lslznt memory B (12)
1 naive CD4" T
. Loss-of- Costimulatory ) Decreased Surrogate markers cells
Cbz2s Recessive function molecule HPV-2 and HPV-4 driven by EV Both 3 (circulating) (CD3"CD161*Va7.2") ND ND 1 Tewm cells and 13)
Tregs
. Loss-of- Costimulatory . . . Decreased Surrogate markers 190 T cells
CD70 Recessive function ligand EBV and lymphoproliferative conditions Both 7 (circulating) (CD3*CD161"Va7.2%) ND ND | memory B cells (12)
GTP/GDP-binding . 1 memory T and
CDC42 Dominant Loss-_of» protein (actin Takenouchi Kosaki syndrome Adult 1 Within Surrogate mal;kers " ND ND naive B cells (14)
function normal range (CD3"CD161"Va7.2%)
cytoskeleton) | B and NK cells
. Loss-of- . . . Decreased Surrogate markers 190 T cells
CFTR Recessive function Chloride channel Cystic fibrosis Adult 41 (circulating) (CD3'CD161"Va7.2") ND ND 1 NK cells (15)
. Loss-of- actin-regulating - Decreased Surrogate markers | naive T and NKT
COROIA Recessive function protein SCID (leaky) Pediatric ! (circulating) (CD3"CD161*Va7.2") ND ND cells (6)
MRI tetramer + surrogate
CTPS1 Recessive ?o:s;iofr-l DN:;/RiNAnZ Severe bacterial and viral infections Pediatric 7 (D;:rcrela Stelﬁ ) markers ND ND lnljli;fk mel{nory B (17)
unctio: synthesis enzyme circulating, (CD3*CD161*Va7.2") a cells
| Tregs, total T,
Guanine nucleotide CID: recurrent viral, bacterial, and fungal NKT and memory
DOCKS8 Recessive Loss-of- exchange factor infections, severe eczema, allergies. Both 7 Decreased Surrogate markers ND ND B cells (18)
function (cytoskeleton N ’ ema, afiergies, (circulating) (CD3*CD161"Va7.2%) 1 total B cells
L malignancy and autoimmunity
organization) | IgM
1 IgG, IgA and IgE
(Continued)
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TABLE 1 Continued

Inheritance

Variant
type

Gene function

Clinical presentation

Complex disorder of hematopoiesis with

Adult/
pediatric

Cohort

MAIT cell fre-
quency

MAIT cells defined by

MAIT cell
phenotype

MAIT cell function

Other immune fea-
tures

. Loss-of- Transcription factor . Decreased Surrogate markers CD8" 1 monocytes, DC, B
GATA2 Dominant function (hematopoiesis) variable extramedullary defects and Both 4 (circulating) CDI61* Va7.2" ND ND and NK cells (19)
myelodysplasia
(partial) | NK cells and
. - - T, . Decreased Surrogate markers neutrophils
GINS1 Recessive Ig:z;](:)f;] DNA replication craniofacial abnormalities, viral infections Both 3 (circulating) (CD3°CD161"Vo7.2%) ND ND 11gA (20)
| IgM and IgG
o 1 naive T cells
. Loss-of- . L Within Surrogate markers +
IFNG Recessive function Cytokine MSMD Pediatric 2 normal range (CD3°CD161"Va7.2%) ND ND | NKT and CD27 (21)
memory B cells
Loss-of- CID: respiratory infections, thrush and (2?:;;5;: MRI tetramer + surrogate I ;Z?;’:té%;c,;us
Dominant function mucosal ulcers, and chronic Adult 2 and intes tign al markers High CD69 ND cells (22)
lymphadenopathy mucosa) (CD3*CD161*Vo7.2") 116G
Transcription factor ¢
IKZF2 (hematopoietic- 1o
specific) ! CD4 T, B and NK
. Loss-of- CID: sinusitis, otitis media, lower Surrogate markers ’
Recessive function respiratory tract infections, pneumonia Adult ! Absent (CD3"CD161"Va7.2%) N/A N/A cells @3)
piratory P : Absent NKT
1 1gG
1 naive T cells
. Loss-of- . Not Decreased Surrogate markers
IL12RB1 Recessive function Cytokine receptor MSMD provided 4 (circulating) (CD3'CD161"Va72") ND ND ieE:ll and Th17 (24)
. Loss-of- . - Decreased Surrogate markers 1 naive T cells
ILI2RB2 Recessive function Cytokine receptor MSMD Pediatric 1 (circulating) (CD3'CD161"Va7.2%) ND ND | Thi cells (25)
| CD4" T, cTth,
. Loss-of- . . P . Decreased Surrogate markers memory B, NK and
IL2IR Recessive function Cytokine receptor CID: cryptosporidium infections Both 8 (circulating) (CD3°CD161"Va72") ND ND myeloid-derived DC (26)
1 1gG
. Loss-of- . - Decreased Surrogate markers 1 naive T cells
IL23R Recessive function Cytokine receptor MSMD Pediatric 1 (circulating) (CD3'CD161"Va72") ND ND | Thi cells (25)
1 naive T cells
. Loss-of- . Hyper IgE Syndrome: staphylococcal Decreased Surrogate markers +
1L6ST Recessive function Cytokine receptor lesions, candidiasis, severe allergy Both 12 (circulating) (CD3"'CD161'Va7.2") ND ND 4 Tew, CD8™ T, @)
and Tth cells
. . . . . | CD4 T, memory
MAGTI X-linked Loss-of- | Magnesium XMEN: EBV infection, lymphoma, viral Both 2 Decreased Not defined ND ND B, and NKT cells (28)
function transporter infections, respiratory and GI infections (circulating) 1 IeG
Loss-of- Metabolite antigen HPV warts, difficult to treat bacterial and MRI tetramer + surrogate
MRI Recessive function resentation 8 viral infect{ons Adult 1 Absent markers N/A N/A 1 V2™ cells (29)
ul P 1 (CD3*CD161"Va7.2")
o L CD4T, B,y T
. Loss-of- Transcription factor ' . . . - Decreased Surrogate markers
NFKBI Dominant function (NE-KB family) CID: Mycobacterium genavense infection Pediatric 1 (circulating) (CD3"TCROB™V07.2*CD161Y) ND ND iné é\IK cells (30)
.. . . . - Disturbed B cell
. Loss-of- Transcription factor Respiratory infections, pituitary - Decreased Surrogate markers . o
NFKB2 Dominant function (NF-xB family) dysfunction, and autoimmunity Pediatric 1 (circulating) (CD1617Va7.2"CD8") ND ND fdlfg%e ntiation Gn
(Continued)
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TABLE 1 Continued

Inheritance

Variant
type

Gene function

Clinical presentation

Adult/
pediatric

Cohort

MAIT cell fre-
quency

MAIT cells defined by

MAIT cell
phenotype

MAIT cell function

Other immune fea-
tures

| Lymphocyte

subsets
L . . . MRI tetramer + surrogate T CD4°CD8™ T
. Loss-of- Immune-inhibitory Tuberculosis, autoimmunity, and - Decreased | IFN-y cells
PDCDI Recessive . Pediatric 1 X 5 markers ND . " hi (32)
function receptor hepatosplenomegaly (circulating) T . " production 1 V32" and CD56
(CD3"'CD161'Va7.2")
NK cells
| B, naive CD4"
d CD8* T, NK
. Loss-of- Enzyme (catalyzes P L _— Decreased Surrogate markers an ?
RASGRP1 Recessive function UTP to CTP) EBV and lymphoproliferative conditions Pediatric 1 (circulating) (CD3°CD161"Va7.2%) ND ND cells ) (33)
Absence of iNKT
cells
1 V81" and ILC2
. Loss-of- Transcription factor CID: severe viral, bacterial, fungal, and _— Increased Surrogate markers Normal IFN-y cells
REL Recessive function (NF-xB family) parasitic diseases Pediatric ! (circulating) (CD3*CD161'Va7.2") ND production | Tregs and NK G
cells
Loss-of- Transcription factor MRI tetramer + surrogate A::)Sj:;g“- 1T7?€/111:S-
RORC Recessive function (nuclear hormone Candidiasis and mycobacteriosis Pediatric 7 Absent markers N/A N/A l(’incl di.ng NKT (35)
receptor) (CD3*CD161"Va7.2") uding
cells)
. Loss-of- Signaling adaptor XLP syndrome: lymphohystiocytosis and Within Surrogate markers | NKT cells
SAP Xlinked function molecule lymphomas Both 5 normal range (CD3*CD161'Va7.2") ND ND 1 IgG (30)
. Loss-of- Adaptor protein CID: infections and refractory autoimmune Decreased Surrogate markers 1 CD4" T and NK
SASH3 X-linked function (cell signaling) cytopenias Adult 4 (circulating) (CD3"CD161*Va7.2") ND ND cells G7)
SH2DIA X-linked Loss-of- Sl;(igfna:;OAcl;ated Susceptibility to EBV and Not 5 Within Surrogate markers gg,?;?z ND | NKT, memory B 10)
function proten ’ lymphoproliferative conditions provided normal range (CD3*CD161'Vo7.2") and NK cells
signaling) levels
SPPL2A Recessive Loss-of- | Transmembrane MSMD Pediatric 3 Within Not defined ND ND Absence of cDC2 (38)
function protease normal range cells
Hyper IgE Syndrome: craniofacial Normal | IL-17A and IL-
. Loss-of- Transcription factor abnormalities, bacterial infections, eczema, Not Decreased MRI tetramer + surrogate RORyt and 17F but normal | Thi7, Tth, NKT
STAT3 Dominant . . [ . . 23 . 5 markers and memory B cells (24)
function (gene regulation) candidiasis, osteoporosis, coronary and provided (circulating) (CD3*CD161"Va7.2%) PLZF IFNy and TNF 1 IgE
cerebral aneurysms : expression production 8
(partial) " CID: late onset with inflammatory Decreased Surrogate markers
STIM1 Recessive %1?;;:):1-1 Ca2’-sensing manifestations (psoriasis and colitis) Both 2 (circulating) (CD3"CD161'Va7.2") ND ND NKT cells absent (9
Loss-of- Transcription factor Decreased MRI tetramer + surrogate Impaired IFNy | CD4" T, iNKT,
TBX21 Recessive functi (i defining) MSMD Pediatric 1 (circulating) markers ND ducti Vet d,NK l’l (40)
unction ineage-defining circulating (CD3*CD161"Va7.2%) production an. cells
Loss-of- Negative regulator . . . Impaired IL-12/IL-
. . type I interferonopathy: autoinflammation Decreased Surrogate markers N
USP18 Recessive funct}on o.f typfa 1IFN and mycobacterial discase Adult 1 (circulating) (CD3*CD161"Va7.2%) ND ND 23 prqductlon by (41)
(partial) signaling myeloid cells
. Loss-of- Inhibitor-of- XLP syndrome: lymphohystiocytosis and Decreased Surrogate markers 1 apoptosis after 1 1gG
XIap X-linked function apoptosis protein lymphomas Both 16 (circulating) (CD3*CD161"Va7.2%) ND stimulation | NKT cells (6)
Protein tyrosine CID: infant onset with severe infections "
. Loss-of- X . X N - Surrogate markers | CD8" T cells
ZAP70 Recessive function Iscilgsasﬁ l_E;)CR 5:\:2;3:&];}7 varicella zoster virus and live Pediatric 1 Absent (CD3'CD161"Va7.2") N/A N/A NKT cells absent (42)
(Continued)
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Establishing whether reported changes in frequency are due directly
to the inborn error itself, a result of a secondary effect of the IEI on
other immune components that interact with MAIT cells, or simply
the result of MAIT cells responding to a clinical history of repeated
episodes of prolonged infection and inflammation, is challenging.
Thus, we will next discuss the strict considerations for reporting on
MAIT cells in the context of IEL

3 Considerations for MAIT cell
frequency reporting for individuals
with |EI

There is no standardized method for reporting MAIT cell
frequency, with variation in how they are reported and how they
are identified/defined. The most common (and accessible) method
for MAIT cell identification is via expression of surrogate surface
markers: TCR-Vo7.2 and CD161 (10). However, it is more accurate
to define MAIT cells using MR1 tetramers loaded with 5-OP-RU
(48). TCR-Va7.2" and CD1617" cells overlap 96% with MRI1-
tetramer” cells in circulation. While it is an appropriate method for
identifying MAIT cells (49), it is important to consider if the IEI
impacts expression of CD161, in which case MR1 tetramers should
be used for identification instead.

A major issue in reporting circulating MAIT cell frequency in
humans is that no standardized frequency or number values have
been established. Also, MAIT cell markers/tetramers are not typically
included in standard clinical T cell panels. Thus, studies either
establish their own standard values, with reference to an internal
healthy control group, or patient values are compared to the typical
1-5% of circulating T cells reference range set by earlier studies of
MAIT cells (4, 10, 49). Importantly, this simplified reference range
does not consider variation of circulating MAIT cells present in
different healthy control populations. Previous studies report MAIT
cell frequency is significantly impacted by both age and sex (50, 51).
MAIT cells steadily increase and peak at 20-29 years of age, before
progressively declining during aging (49). Thus, it is important for IEI
studies to compare to an age-matched MAIT cell value for each
patient, either internally or referencing external age-matched values,
to confidently report any alterations to normal frequency.

Another consideration when interpreting data on MAIT cells is
the infection status of the patient at the time of analysis. MAIT cells
have been shown to dynamically change in frequency during an
acute infection (52) with studies in mice suggesting they accumulate
and expand at the tissue site of infection (45, 53). Thus, an active
infection could cause a decrease in circulating MAIT cells that may
be unrelated to the underlying genetic defect. In addition, the use of
corticosteroids to treat asthma and chronic obstructive pulmonary
disease have also been shown to impact MAIT cell frequency (54,
55). Therefore, detailed clinical history, list of current medications,
and the current infection status at the time of sampling should be
provided. A more definitive approach to assess circulating MAIT cell
frequency is to measure multiple samples over time. This would
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provide important insight into the stability of any observed change in
MAIT cell frequency. This approach would also control for any
infection-induced fluctuations when functionally assessing T cell
(including MAIT cell) activation, proliferation, and cytotoxicity
markers. As these would also be expected to alter with varying
infection status.

Examination of tissue biopsies (particularly from areas of
inflammation or infection), although challenging to obtain,
would also address the question of MAIT cell kinetics in IEL
By directly examining MAIT cell frequency at tissue sites, it
could then be correlated back to the proportion of circulating
cells. This would provide an understanding of the relationship
between circulating and tissue-resident MAIT cell populations,
and if disturbances in MAIT cell frequency are directly
attributable to the underlying IEI, rather than a consequence
of increased inflammation/infection-induced tissue-homing.

4 Limited MAIT cell functional
analysis in IEI

A less explored aspect of MAIT cells in IEI is the potential
changes in their ability to respond to stimuli. MAIT cells can be
activated via TCR-dependent or TCR-independent stimulation
(2, 3). Factors that control or influence these separate activation
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pathways in MAIT cells could be elucidated by studying the
functional response of MAIT cells from IEI patients.

Several studies have examined interferon (IFN)y production
by MAIT cells in IEI. MAIT cells from a PD-1 deficient patient
produced less IFNYy in response to bacille Calmette-Guérin
(BCG) + IL-12 stimulation (32). Also, MAIT cells from a T-
bet deficient patient produced less IFNY in response to phorbol
myristate acetate (PMA)/ionomycin stimulation (40). However,
in addition to IFNy, MAIT cells can also produce
proinflammatory cytokines TNF and IL-17A, as well as
cytotoxic granules and perforin, that should be considered
when undertaking functional analysis (4).

The most comprehensive functional analysis of MAIT cells
in IEI was in individuals with STAT3 loss-of-function (n = 5-7)
(24). STAT3-deficient MAIT cells produced normal levels of
IFNy, TNF and granzyme B when stimulated with PMA/
ionomycin. However, they showed impaired IL-17A
production under these conditions. In addition, STAT3-
deficient MAIT cells were unable to produce IL-17A or IL-17F
in Th17 culture conditions, suggesting a direct role for STAT3
regulating IL17A/IL17F transcription in MAIT cells. These
functional results mirror what was observed for the functional
dysregulation of STAT3-deficient CD4" (Th17) T cells in the
same individuals. These observations highlight the importance
of assessing polyfunctionality of MAIT cell responses to stimuli
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in IEL as it may provide fundamental insights into the key
proteins required for differing MAIT cell effector functions.

5 Conclusion

MAIT cells are a particularly interesting immune subset to
study in IEL Given the signaling, activation, and functional
pathways shared with NKT, y3, CD8" and Th17 T cells, it is not
surprising that MAIT cells are often at the intersection of various
immune cell effector responses across innate and adaptive
immunity. However, it is important when contributing to, and
assessing, the literature on MAIT cells in IEI that certain key
factors are taken into consideration. It is essential to understand
how MAIT cells are defined, and the comparative healthy
reference ranges, to make informed interpretations of the
impact of IEI on MAIT cell biology. Finally, the infection status
at the time of sampling can also impact the strength of conclusions
of these studies. In conclusion, MAIT cells are understudied yet
play a unique role in human immunity, at the intersection of
innate and adaptive responses. Understanding MAIT cells in the
context of IEI provides an opportunity to understand their role
and potential to contribute to immune dysregulation in IEL
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